Benchmarks

Hirsh. 1987. Expression of chimeric genes in
Caenorhabiditis elegans. J. Mol. Biol.
193:41-46.

9.Mulligan, R. and P. Berg. 1981. Selection for
animal cells that express the E. coli gene cod-
ing for xanthine-guanine phophoribosyl trans-
ferase. Proc. Natl. Acad. Sci. USA 78:2072-
2076.

10.Panicali, D., A. Grzelecki and C. Huang.
1986. Vaccinia virus vectors utilizing the p-
galactosidase assay for rapid selection of re-
combinant viruses and measurement of gene
expression. Gene 47:193-199.

11.Tartaglia, J., S. Pincus and E. Paoletti.
1990. Poxvirus-based vectors as vaccine can-
didates. Crit. Rev. Immunol. /10:13-30.

This work was funded by a British
Columbia Health Research Foundation Op-
erating Grant to C.U. Address Correspon-
dence to Chris Upton, Department of Bio-
chemistry and Microbiology, University of
Victoria, P.O. Box 3055, Victoria, BC VW
3P6, Canada. Internet: cupton@ uvic.ca

Received 23 April 1996; accepted 23
July 1996.

JingXin Cao and Chris Upton
University of Victoria
Victoria, BC, Canada

Simple Method for High
Sensitivity Chemilumi-
nescence ELISA Using
Conventional Laboratory
Equipment

BioTechniques 22:278-280 (February 1997)

Enzyme-linked immunosorbent as-
says (ELISAs) have a unique impor-
tance in numerous different analytical
procedures due to their specificity and
sensitivity. Moreover, the use of the 96-
well format allows the quantification of
high numbers of samples in parallel.
Most commonly, the binding of anti-
bodies to antigens in an ELISA is de-
tected by the cleavage of a chro-
mogenic substrate by an enzyme
conjugate, for instance alkaline phos-
phatase or horseradish peroxidase
(HRP) coupled to either an antibody or
to streptavidin. Thus it is usually a col-
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ored reaction product that is quantified
by measuring the absorbance. Assays
with higher sensitivities can be set up
based on the principle of chemilumi-
nescence (2-5), but equipment for
chemiluminescence measurements in a
96-well format are more expensive than
the usual ELISA plate readers and
therefore not available in many labora-
tories.

We developed a chemiluminescence
ELISA system with a very simple de-
tection of the immobilized HRP activi-
ty that does not require any sophisticat-
ed equipment and which is still much
more sensitive than a conventional
photometric assay with o-phenylenedi-
amine as the substrate. Since the
chemiluminescence detection that we
used is based on the HRP immobilized
to the bottom of the plate only, the vol-
ume of the coating antibody (or pro-
tein) and all subsequent antibody solu-
tions can be as low as 50 pL (or even 30
WL, which is about the minimal volume
to cover the bottom surface).

For a model system, we used an
ELISA for the detection of cyclophilins
(1) with a cyclosporine/bovine serum
albumin (BSA)-conjugate coated to
flat-bottom plates (Immuno Maxi-
Sorp™; Nunc, Roskilde, Denmark). In
brief, the plates were coated overnight
at 4°C with the cyclosporine/BSA con-
jugate (1 pg/mL; 50 pL/well) in coating
buffer (50 mmol/L NaHCO3, pH 9.6).
Unspecific binding was blocked by in-
cubation with 2% BSA in phosphate-
buffered saline (PBS)/0.5% Tween® 20
(PBS/T) for 1 h at room temperature.
Then the plates were washed three
times with PBS/T (all washing steps
were carried out with 200 uL per well).
This was followed by incubation with
different concentrations of cyclophilin
A (50 pL per well) for 1 h at 37°C, then
by 7 washing steps as above, incubation
with rabbit anti-cyclophilin A (poly-
clonal antibody against human cy-
clophilin A at 50 puL per well) at 1:100
overnight at 4°C, washing as above and
finally incubation with peroxidase-con-
jugated anti-rabbit IgG [50 pL per well,
F(ab"), fragments; Amersham Interna-
tional, Little Chalfont, Bucks, England,
UK] at 1:2000 for 1 h at 37°C. After
thorough washing, the plates were then
either processed conventionally by in-
cubation with o-phenylenediamine sub-

strate solution, or the chemilumines-
cence-based detection was carried out.
The conventional assay was done by
adding 50 pL per well substrate buffer
(1 mg/mL o-phenylenediamine in
buffer containing 7.3 g/L Na,HPO,,
5.64 g/L citric acid monohydrate, pH
5.0, and 0.4 uL/mL 30% H,0,). After
stopping the reaction with 10 pL per
well with 2 mol/L H,SOy, the color was
measured at 492 nm with reference
reading at 620 nm with an ELISA read-
er (SLT Labinstruments, Salzburg, Aus-
tria).

For the chemiluminescence detec-
tion, 50 puL of substrate solution were
added per well (enhanced chemilumi-
nescence solution 1 and 2 from Amer-
sham in the ratio 1:1), and the plate was
exposed as soon as possible to a suit-
able film (Hyperfilm™-ECL; Amer-
sham) in the darkroom. The film was
cut somewhat smaller than the size of
the plate and put on the plastic cover of
a 96-pipet tip box. Thus, the plate could
be put onto the film in a way that the
flat bottom of the wells was in direct
contact with the film. After various ex-
posure times, the film was developed
and fixed according to the manufactur-
er’s protocol. A blackening of the film
was observed exactly in the size of the
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Figure 1. Film after exposure to chemilumi-
nescence ELISA plate for 5 s (triplicates of cy-
clophilin standard dilutions: 10, 25, 33, 50,
62.5, 83, 125 and 250 ng per well). Note that no
signal is observed at adjacent well positions with-
out samples, indicating that there is no cross-talk
of signal.
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wells (Figure 1). There was no signifi-
cant cross-talk of the signal to adjacent
well positions up to an optical density
of about 1.2 (with film background of
0.2 optical density units). For quantifi-
cation, the film was fixed on top of an
empty 96-well plate so that the black-
ened spots were exactly at their corre-
sponding well positions and the optical
density was measured with a 690-nm
filter by a usual ELISA plate reader
(SLT Labinstruments) in a single wave-
length mode (other filters are possible
as well, but the highest wavelength
available should be used to get the
maximum signal). Under these condi-
tions, a dynamic range of 50-100 was
achieved.

A direct comparison between the
conventional detection with o-phenyl-
enediamine and the chemilumines-
cence detection system described here,
showed a 20-fold higher sensitivity of
the chemiluminescence system (Figure
2), which also exhibited a better linear
range (about 0—60 ng per well com-
pared to 0-30 ng per well for the
conventional assay). Another very im-
portant advantage of the chemilumines-
cence detection by exposure to film is

the possibility to accumulate the signal
for a longer period of time (under the
given conditions that the chemilumi-
nescence lasts for several hours) (Fig-
ure 3). This cannot be achieved with the
conventional technique because pro-
longed incubations with o-phenylene-
diamine lead to a high background due
to oxidation of the substrate with H,O,.
Although more sophisticated detection
systems for chemiluminescence, like
single-photon counting with scintilla-
tion counters in a 96-well format, offer
a much higher dynamic range (Top-
Count™ Scintillation Counter; Packard
Instruments, Meriden, CT, USA) of
about three orders of magnitude higher
than that of the film detection method,
they do not provide the opportunity to
accumulate the signal as is possible
with film detection. This feature lowers
the limit of detection significantly, thus
allowing the quantification of extreme-
ly small amounts of antigen. With re-
gard to this aspect, the film detection of
the chemiluminescence signal can
compete with scintillation counters.

In conclusion, several features make
this assay system attractive for a wide
spectrum of users. The sensitivity is
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Figure 2. Signal of the chemiluminescence ELISA in comparison to a conventional ELISA detec-
tion system. The signal is related to the time of incubation (conventional ELISA), respectively, and to
the time of exposure to the film (chemiluminescence ELISA) because the high sensitivity of the latter did
not allow a comparison with the same incubation time. (Exposure of the chemiluminescent plate to the
film was for 5 s and the incubation with the o-phenylenediamine was for 2 min). Error bars represent

S.E.M. values.

Vol. 22, No. 2 (1997)

PRIME RNase
mmm

Ong of a I(mtl'

The PRIME RNase Inhibitor™
clearly outperforms
Human Placental RNase
Inhibitor (HPRI):

v’ PRIME Inhibitor is up to 50 times
more active than HPRI

v’ PRIME Inhibitor costs less per
reaction than HPRI.

v PRIME Inhibitor has a
specificity identical to HPRI.

v’ PRIME Inhibitor functions in a
wide variety of applications
including cDNA synthesis,
in vitro transcription, in vitro
translation and RT-PCR.

GREATER VALUE!

PRIME Inhibiter

UstPrice| 3% e

[« - -
% |

Human Placentsl Inhibitor
>

P

- -

[CJuaspest Pack 5w [ Semakest Pack S
1997 List Prices

MORE POWER!

100

2

3

% Inhibition of FAiNase A
&

0 = 0
g of ANase A

Visit Us At: www.5prime.com

5 Prime — 3 Prime, Inc.®
5603 Arapahoe Ave.
i Boulder, CO 80303
M Phone: 800-533-5703
(= Fax: 303-440-0835
email: fivprime@ix.netcom.com

Clrcle Reader Service No. 173

e
@
A



Benchmarks

% of initial chemiluminescence
140 e 7
L X » . . . .
QT : ' '

* i . ' "
120+ - - -@---pm--m=n-- [ SRR e e
» " n.. " . .

* : el : : :
L
1004+ - ----- bl S T T (iAo Bioes s eeed
L
> ; s ) s
. . Ve p ;
m- ________ e = o = = = = o B s o= = === " ...... e o = = = = = ala =« =« = = = =
X . 7% ; ;
. ' 0. '
a0 smnreds senaen T, R S
. . .§ .
. . <.. .
" . f L ) .
i . \ ®e. 4
401------- e T SRRl e R S R ’0.'.'. ------
: 2 : Tee,
' . ‘ ‘ ‘ ha L VR
201------- S A ) SRR Rl R e Rl R
0 + t t + +
0 50 100 150 200 250 300
min

Figure 3. Kinetics of the chemiluminescence decay in 96-well plates. The decay of the chemilumines-
cence signal was determined by repetitive measurement of a standard sample at 25°C with a 96-well for-
mat scintillation counter in a single-photon counting mode (TopCount).

about 20-fold higher compared to a
conventional photometric quantifica-
tion (under the same ELISA conditions
with o-phenylenediamine as substrate),
which reduces the use of expensive an-
tibodies. Moreover, sophisticated de-
tection systems like luminometers or
scintillation counters for the 96-well
format with capability for single-pho-
ton counting are not necessary. Thus,
normal, transparent flat-bottom ELISA
plates can be used, for which the indi-
vidual assay was set up (irrespective of
the manufacturer), and it is not neces-
sary to switch to white or black plates
(as would be for measurements with
96-well luminometers). This aspect can
be very important, because significant
differences can occur between the
plates of different suppliers.

Another drawback of scintillation
counters is that the samples are usually
not measured at the same time, with the
consequence that the decay curve of the
chemiluminescence has to be consid-
ered. This is not true for our method,
since all samples of the plate are ex-
posed simultaneously to the film. Fur-
thermore, it is not necessary to quanti-
tate the signal on the film with a laser
scanning densitometer, since the spots
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on the film show a homogeneous black-
ening exactly in the diameter of the
wells, thus allowing a simple measure-
ment with an ELISA reader.
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Method for Preparation
of Epidermal Imprints
Using Agarose

BioTechniques 22:280-282 (February 1997)

The epidermal layer of plants carries
unique and distinctive features that may
serve, in most cases, as morphological
markers to distinguish different plant
species. These morphological features
may include relative size and shape of
component cells, quality and thickness
of the cuticle and nature and distribu-
tion of specialized cells such as the
stomata and trichomes. The venation
patterns of leaves may also provide im-
portant identification points. Studies of
epidermal traits gain special impor-
tance for the identification and pheno-
typic characterization of mutations that
result in alterations of surface cells or
their derivatives, and their characteriza-
tion generally involves scanning elec-
tron microscopy (1).

The preparation and scanning of
plant samples not only requires care
and expertise but also an electron mi-
croscope. Such studies are therefore
greatly curbed by the available finan-
cial and technological resources of a
laboratory. Alternatively, but with a
much lower degree of resolution, sili-
cone rubber latex, collodion, cellulose
acetate films, dental wax and clear lac-
quer/acrylic polymer have been used to
obtain surface impressions, which are
then recorded on photographic film for
further analyses (2-4). While these sub-
stances provide good imprints, the
preparation methods are also time-con-
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