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Comparison of colorimetric, fluorescence  
and luminescence analysis 

 
Introduction 
Over the years, the enzyme immunoassay that 
Engvall and Perlmann first described has taken 
many different forms. Today there are 
heterogeneous, homogeneous, cell-based, 
colorimetric, fluorescent and luminescent, to 
name just a few, versions of the original ELISA. 
They all have antibody-antigen complexes and 
enzyme reactions in common. In this technical 
bulletin, we here will focus on the enzyme linked 
immunosorbent assay and discuss three types of 
detection systems — colorimetric, fluorescent, 
and luminescent. 
All ELISA, regardless of the detection system 
employed, require the immobilization of an 
antigen or antibody to a surface. They also 
require the use of an appropriate enzyme label   
and a matching substrate that is suitable for the 
detection system being used. Associated with the 
enzyme-substrate reaction are several 
requirements, such as timing and development 
conditions, that need to be optimized to result in 
a precise, accurate and reproducible assay. 
 
Colorimetric Assays 
Colorimetric assays result in a colored reaction 
product that absorbs light in the visible range. 
The optical density of the reaction product is 
typically proportional to the amount of analyte 
being measured. 
Selecting the Appropriate Enzyme Label 
The most common enzymes used as labels for 
ELISA are 1) horseradish peroxidase, 2) calf 
intestine alkaline phosphatase, and 3) E. coli ß-
D-galactosidase. These enzymes are typically 
used because they each meet most, if not all, of 
the cri- teria necessary to produce a sensitive, 
inexpensive, and easily performed assay. 
These criteria include: 
 stability at typical assay temperatures: 4°C, 

25°C, and 37°C, 
 greater than six months shelf life when stored 

at 4°C, 
 commercially available, 
 capable of being conjugated to an antigen or 

antibody, 
 inexpensive, 
 easily measurable activity, 
 high substrate turnover number, 
 unaffected by biological components of the 

assay. 
 
By far, the two most popular enzymes are 
peroxidase and alkaline phosphatase. Each has 
their advantages and disadvantages. Both are 
quite stable when handled and stored properly, 
and both can be stored at 4°C for greater than 6 
months. Both are also commercially available as 
free enzymes and as enzyme conjugates (enzyme 
labeled antibodies, etc.) and are relatively 
inexpensive. However, there are some differences 
between these two enzymes that should be 
considered when choosing one for an assay. 
 
Peroxidase is a small molecule (MW~40,000) that 
can usually be conjugated to an antibody in a 4:1 
ratio. Due to its small size, it rarely causes steric 
hindrance problems with antibody/antigen 
complexes bound on a surface. Peroxidase is very 
inexpensive compared to alkaline phosphatase. 
Several substrates, yielding either soluble or 
insoluble reaction products, are commercially 
available for per- oxidase. Since all peroxidase 
reactions require hydrogen peroxide, purchasing 
commercially available substrates is 
recommended because these preparations contain 
stabilized hydrogen peroxide which adds to their 
value and usefulness. 
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The major disadvantage associated with 
peroxidase is that it is incompatible with many 
preservatives, such as sodium azide, that are 
used to reduce microbial contamination in many 
biological buffer solutions. Sodium azide, even in 
low concentrations, inactivates peroxidase 
activity. Other compounds or elements that 
interfere with peroxidase activity are metals 
found in water and endogenous peroxidases 
found in biological specimens. These 
disadvantages can be overcome by using sterile 
buffers without preservatives, using reagent 
grade type II water, and pretreating specimens 
suspected of having high peroxidase levels with 
hydrogen peroxide prior to use in an assay. 
Typically, non- bound biological components are 
washed away prior to the addition of the enzyme, 
so endogenous peroxidase activity is usually not 
an issue. 
 
Alkaline phosphatase is approximately double 
the size of peroxidase (MW ~86,000). This 
means that one will typically see a lower enzyme 
to antibody conjugation ratio. It also means that 
the larger molecular size of alkaline phosphatase 
can cause steric hindrance issues due to close 
packed antigen-antibody complexes. This can 
result in lower activity than expected for the 
estimated number of bound enzyme molecules 
(which is sometimes considered responsible for 
the “high dose hook” phenomenon). Alkaline 
phosphatase is slightly more expensive than 
peroxidase, but is considered to be more stable. 
Substrates for alkaline phosphatase range from 
soluble to insoluble; many can be signal 
enhanced to increase sensitivity. 
 
The major disadvantage associated with using 
alkaline phosphatase is that it is inactivated by 
chelating agents, acidic pH (< 4.5), or inorganic 
phosphates. This means that buffers must be 
specific for alkaline phosphatase, and one cannot 
use standard assay phosphate buffered saline 
solutions as diluents or wash solutions that come 
in contact with the enzyme during an assay. 
However, chelators (EDTA) and acidic pH are 
typically used as convenient and inexpensive 
stopping reagents for alkaline phosphatase 
reactions. 
 
ß-galactosidase is the least used of the three 
top enzymes for ELISA. This enzyme is quite 
large; its four subunits combined have a 
molecular weight of greater than 300,000. Its size 

is most likely the reason why it is the least 
popular. For unexplained reasons, ß-
galactosidase also suffers from antibody-induced 
inhibition. An advantage of ß-galactosidase is its 
enhanced reaction rate in the presence of 
alcohols, which lends itself as a suitable enzyme 
for assays performed on hydrophobic membrane 
surfaces (i.e., dot blot applications) that require 
alcohol to wet out. 
 
For colorimetric assays, either alkaline 
phosphatase or peroxidase is a suitable enzyme. 
Both enzymes have a wide range of substrates 
that yield qualitative and quantitative results. 
 
Selecting a Suitable Substrate 
For all enzyme-linked immunoassays, the final 
stage is the addition of the enzyme substrate. 
The substrate is chosen for its quantitative yield 
of a colored, fluorescent or luminescent reaction 
product. For colorimetric assays the rate of color 
development is proportional, over a certain 
range, to the amount of enzyme conjugate 
present. 
 
A suitable substrate must be chosen to meet the 
assay requirements of the assay being 
performed. Substrates can produce either 
insoluble or soluble colored reaction products. 
Typically, insoluble reaction products are desired 
for membrane-based assays, such as dot blots. 
An insoluble colored dot is produced at the site of 
the reaction. Along with being a visual and 
sometimes permanent record, the intensity of the 
colored product can be measured using 
densitometry. However, insoluble reaction 
products are not practical for solution 
immunoassays performed in multiple well assay 
plates. Substrates that form soluble reaction 
products are better suited for ELISA. 
  
Both peroxidase and alkaline phosphatase have 
substrates that yield soluble colored reaction 
products. The decision as to which substrate is 
the best for any type   of assay depends on the 
sensitivity desired, the timing requirements, and 
the detection device to be used. For assays that 
need to be very sensitive (able to detect low 
amounts of analyte), the most desirable 
substrates produce intensely colored reaction 
products at very fast reaction rates. For assays 
that require a large dynamic range (typical 
analyte amounts span a wide range of
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concentrations), substrates that produce reaction 
product over a long time (15 to 30 minutes) and 
result in a broad range of analyte- dependent 
color intensities are the most desirable. For 
assays with a timed end- point, a chemical 
inhibitor is added to the reaction after a defined 
time that stops further color development. 
This allows detection to be performed within a 
reasonable time; for this, a substrate that has a 
“slow” reaction rate (15 to 30 minutes to 
completion) is optimal. This “slow” reaction rate 
allows the technician (or automated equipment) 
to start the reaction and stop the reaction at a 
reasonable pace. However, when kinetic analysis 
of the enzyme-substrate reaction is used, a 
substrate that has a “fast” reaction rate (5 
minutes or less) should be used. In this case, the 
substrate is added, and the rate of conversion of 
substrate to colored reaction product is 
immediately measured. The reaction is usually 
measured over discreet and short time intervals 
(i.e., 10 seconds) for 2 to 5 minutes. 
 
The following are the most commonly used 
substrates for peroxidase and alkaline 
phosphatase: 
 
Peroxidase: The three most common sub- 
strates that produce an insoluble product are 
TMB (3,3',5,5' tetramethylbenzidine), DAB 
(3,3',4,4' diaminobenzidine), and 4CN (4-chloro-
1-naphthol). The most common substrates that 
produce soluble reaction products are TMB (dual 
function substrate), ABTS (2,2'-azino-di [3-ethyl- 
benzthiazoline] sulfonate), and OPD (o-
phenylenediamine). TMB is a highly sensitive 
substrate. Due to its rapid reaction rate, it is 
ideally suited for on-line kinetic analysis. It 
produces a blue color measurable at a 
wavelength of 650 nm. TMB can also be used in 
endpoint assays by stopping the reaction with 1M 
phosphoric acid. A yellow reaction product is 
formed upon acidification that is measurable at 
450 nm. ABTS is considered an all-purpose 
substrate. Although it is less sensitive than either 
TMB or OPD, it has the widest working range of 
any substrate currently available for peroxidase 
or alkaline phosphatase. The reaction product for 
ABTS is a blue-green compound measurable at 
405 to 410 nm. Its reaction rate is suitable for 
endpoint assays and is easily stopped with 1% 
SDS (sodium dodecyl sulfate), which does not 
change the color or the absorbance of the 
reaction product. OPD was once the most 
popular substrate for peroxidase. It is slightly 

less sensitive than TMB. Its reaction product is 
yellow and can be read at 490 nm. 
 
Alkaline phosphatase: The most common 
substrate that produces an insoluble reaction 
product is BCIP/NBT (5-bromo-4-chloro-3-indolyl-
phosphate/nitroblue tetrazolium). It is recognized 
as the most effective substrate for immunoblots 
due to its stability and resistance to fading when 
exposed to light. The most widely used substrate 
that produces a soluble reaction product is p-
NPP (p-nitro- phenylphosphate). It produces an 
intense yellow color measurable at 405 to 410 
nm. An advantage of this substrate is that it can 
be allowed to develop for extended periods to 
obtain a corresponding increase in sensitivity. 
Normally p-NPP has a slow reaction rate which 
should be allowed 30 to 60 minutes to reach 
optimal color development before being stopped 
with 1N NaOH. It is not recommended for kinetic 
analysis. 
 
Reaction Requirements 
Many factors affect the measurement of 
enzymatic activity. Some of the most obvious 
are: 
 
 temperature, 
 pH, 
 ionic strength, 
 buffer composition, 
 substrate depletion, 
 build-up of product inhibitors, 
 increasing back-reaction as product 

concentration   increases, 
 denaturation of the enzyme, and in some 

cases, 
 exposure to light. 
 
The ones that are of most concern for ELISA 
today are reaction time, tempera- ture and 
exposure to light. The factors, such as pH and 
substrate depletion, have been addressed, and 
commercially avail- able reagents have been 
optimized for composition and concentration in 
order to control these parameters. 
 
Timing the Reaction 
In order to have an endpoint assay that provides 
reliable and consistent results, it is important that 
the timing of the reaction in each and every well, 
in each and every plate, and in each and every 
set of plates be controlled as precisely as 
possible. Since enzyme-substrate reactions are 
kinetic, timing from the start to the end of the
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 reaction can and will affect the final 
concentration of product developed. To ensure 
precise timing, we follow this scheme for every 
assay that we perform — regardless if only a few 
wells, an entire plate, or ten plates are involved 
in the assay: 
 
1. Set timer to the desired and pre- determined 
substrate incubation time. 
2. Start timer with the addition of substrate to 
the first well or set of wells. 
3. Use a rhythmic pipetting pattern to add 
substrate to all the wells. 
4. When the timer signals the end of the 
incubation period, stop the reaction using the 
same pipetting pattern and rate that was used to 
add the substrate. 
 
This scheme assures that all the wells see active 
substrate for the same amount of time and adds 
consistency to the assay results. We use a 
rhythmic pipetting pattern with a 12 channel 
pipettor for dispensing substrate and/or stop 
solution from row A through row H in a 96 well 
plate that takes approximately 30 seconds per 
plate to complete. 
 
The incubation time associated with the substrate 
step in an assay must be predetermined so that the 
color formed for the lowest analyte concentration is 
significantly higher than the background and the 
color formed for the highest analyte concentration is 
less than the reader cut- off value. (This value 
usually ranges from 2.0 to 4.0 optical density (OD) 
units depending on the reader used.) A good rule of 
thumb is to choose a high level OD of approximately 
1.0. The following is a method that can be used to 
determine optimal incubation times for the substrate 
step: 
 
1. Coat the plate with the optimal antigen or 
antibody dilution. 
2. After rinsing away non-bound reagent, block the 
surface. 
3. Add the standard or sample containing the 
highest concentration of analyte to be detected. 
4. Incubate as appropriate; wash away non-bound 
analyte. 
5. Add the enzyme conjugate. Incubate as 
appropriate. Wash. 
6. Add the substrate solution. 
7. Monitor color development. 
8. Stop the reaction when the OD is approximately 
1.0. 
9. Record the time required to reach an OD of 1.0. 

This is the optimal substrate incubation time. 
 
Development Conditions 
As mentioned earlier in this bulletin, temperature 
and light can affect the enzyme-substrate reaction. 
These two assay parameters can be the cause of 
“edge effect”; where OD’s in edge wells are higher 
or lower than center wells. All enzyme reactions are 
temperature dependent. This means that 
temperature during the enzyme-substrate reaction 
step must be kept constant in all the wells. Typically, 
this reaction step can be performed at room 
temperature. Some assays require this step to be 
performed at elevated temperatures to increase 
enzyme activity. Regardless of the assay 
temperature, the temperature of the substrate prior 
to addition to the plate should be equivalent 
  
to the intended incubation temperature. Room 
temperature incubations are the most common and 
are the easiest to control. All plates being processed 
at room temperature should be placed in a location 
such that none of the plates is situated near a 
source of heat or cold. For assays at elevated 
temperatures, controlling edge effect is more 
difficult. Since polystyrene is a poor conductor of 
heat, incubations performed in an incubator usually 
result in edge effect problems – the outer wells 
reach the desired temperature up to 30 minutes 
before the center wells do. This results in higher 
OD’s in the edge wells due to increased enzyme 
activity in these wells. In order to maintain constant 
temperatures in all the wells, elevated temperature 
incubations should be performed on a heat block 
that allows all wells to reach the critical temperature 
simultaneously. The easiest way to avoid 
temperature related edge effect problems is to 
incubate at room temperature – which may mean 
simply increasing the incubation time to reach the 
OD acquired at the higher temperature incubation. 
 
Although many substrate systems are believed to be 
stable in the presence of light, we firmly recommend 
that the substrate incubation step be performed in 
the dark to avoid edge effects caused by variations 
in incident light from well to well. Typically, outer 
wells receive a higher degree of incident light than 
center wells, which results in lower or higher than 
average OD’s in these wells. Plates that are 
incubated in a drawer or cabinet that has a light leak 
can also be adversely affected by incident light 
(wells closest 
to the light leak exhibit higher or lower OD’s). 
method of assuring that incident light is not affecting
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Performing incubations in the dark is the easiest the 
assay’s outcome. Kinetic assays are usually not a 
problem since the incubation is performed within the 
reading chamber of the detection instrument which 
has to be light- proof in order to function properly. 
 
If temperature and light exposure is controlled, the 
probability that the assay will suffer from edge effect 
problems is greatly reduced. 
 
Mixing the Chromophore 
After the addition of stop solution and/or prior to 
reading the OD’s, it is important to adequately mix 
the well contents. This will assure both complete 
cessation of the reaction (endpoint assay only) and 
even dispersion of the colored reaction prod- uct. 
Well-to-well precision can be dramatically improved 
by adding this step   to the protocol. 
 
The physical effect that shaking the plate prior to 
reading has on the resulting optical density is 
depicted in Figure 1. Microplate colorimeters only 
read the immediate center of the well. This means 
that an unshaken plate will have wells that resemble 
Well A in the diagram. Colored reaction product will 
be concentrated at the surface of the well where the 
enzyme is located. Dissolution of the reaction 
product is slow if not mechanically stirred or mixed. 
The reader will not be measuring the true optical 

density within Well A. With good mixing, the colored 
reaction product is evenly dispersed through the 
solution in the well as seen in Well B. The reader 
can then detect the true optical density of the 
colored reaction product resulting from the enzyme-
substrate reaction occurring at the surface. 
 

            
A                                B 

Figure 1. Effect of Shaking vs. Non-shaking 
 
The data in Table 1 clearly shows the increased 
precision that is possible by simply shaking the plate 
prior to reading. Out of 26 plates that were shaken 
before reading the OD’s, all of the plates pass our 
certification criteria for CV’s less than 3.0% and high 
and low wells less than 8% from the mean OD. Over 
half of the plates that were not shaken do not pass 
our certification criteria. The major problem with 
these plates is low wells suspected of being caused 
by a lower concentration of colored reaction product 
in the center of the wells (see Figure 1) as opposed 
to the edge of the wells. 

  
 

Table 1. Effect of Shaking vs. Non-shaking 
 

Shake vs. # of Plates # of Plate  Low High 
Non-shake  Run Out-of-Spec CV Well Well   

 

Shake 26 0 2.0 5.7 6.0 
Non-shake 23 14 3.1 11.0 6.9 

  
 
There are several ways to accomplish the mixing 
step. Microplate shakers are available that hold 2 to 
4 plates at a time so that plates can be shaken as a 
group prior to being loaded into a reader. Many 
micro- plate readers have built-in shaking 
mechanisms that allow plates to be shaken just prior 
to being read. Both of these methods (built-in versus 
remote shakers), when used properly, can have very 
positive effects on assay precision. 
 
Detection Methods 
For the purpose of this bulletin, we   will focus on the 
detection methods and equipment used for soluble 
reaction products that absorb light in the visible 
wavelength range (> 405nm). There is a wide choice 
of microplate readers available today that range 
from simple, single wavelength colorimeters to 
sophisticated multi-wavelength spectrophotometers. 

The main function of a microplate reader is to 
measure light absorbed at particular visible 
wavelengths of light by a substance, which in most 
cases is a colored solution. Some of the options 
available make the measurement easier to attain 
and allow analysis of samples that cannot be 
measured in the simplest models. 
 
Some readers are capable of only single wavelength 
measurements. These are adequate for standard 
ELISA that have little or no interference from 
subtractable background noise. Most readers have 
the ability to read at dual wavelengths. This option is 
necessary when background noise from attached 
cells or minute scratches on the optical surface 
interfere with accurate detection of the colored 
reaction product. Dual wavelength allows
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one to read the plate at a wavelength specific for 
the reaction product and at a second wavelength 
that is out of the range of absorbance for the 
reaction product. The instrument subtracts the 
second wavelength from the first, effectively 
subtracting out the background noise that 
is usually not wavelength specific. The resulting OD 
is specific for the reaction product. The added cost 
of dual wave- length capability is minimal and worth 
purchasing with any microplate reader. 
 
All readers are capable of endpoint analysis. This is 
adequate for most assays. However, for increased 
sensitivity and dynamic range, a reader capable of 
kinetic analysis is required. Endpoint assays require 
that the reaction be stopped when a certain 
predetermined high dose OD is reached. These 
assays many times lack the sensitivity to distinguish 
minor changes in analyte concentration above a 
certain limit — typically due to substrate depletion. 
When kinetic analysis of the enzyme-substrate 
reaction is employed, this limitation is minimized. 
Since reaction rates are measured in mOD/minute 
as soon as the reaction is initiated, minor 
differences in analyte concentrations are easily 
distinguishable even at the high dose end. 
Readings are performed before substrate depletion 
is an issue. 
 
Fluorescent Assays 
 
Fluorescent immunoassays (ELFIA) are simply a 
variation of colorimetric ELISA. An enzyme converts 
a substrate to a reac- tion product that fluoresces 
when excited by light of a particular wavelength. 
The relative fluorescence units (emitted pho- tons of 
light) that are detected are typically proportional to 
the amount of analyte being measured. In 
comparison to the colorimetric ELISA, fluorescent 
immunoassays are only slightly more sensitive. 
However, they widen the dynamic range of the 
assay by allowing very high readings to be 
accurately measured as opposed to the 2.0 to 4.0 
OD limit imposed on colorimetric assays. 
  
Selecting the Appropriate Enzyme Label 
The three main enzymes that were described in the 
section for colorimetric assays are the same three 
that are used for ELFIA. However, the order of 
popularity is different. Alkaline phosphatase is the 
most widely used enzyme for fluorescent 
applications. ß-galactosidase is also used more 
frequently due to its greater theoretical sensitivity 
when used with a fluorogenic substrate. Peroxidase 

is rapidly gaining popularity as an enzyme label 
for fluorescent-based immunoassays. Stabilized 
substrates for all three of the top enzymes are 
commercially available. 
 
Selecting a Suitable Substrate 
A fluorogenic substrate is chosen for its quantitative 
emission of light following excitation. The rate of 
light emission should be proportional to the amount 
of enzyme conjugate present. The substrate should 
be stable at room temperature and in the presence 
of normal room lighting. The resulting enzyme-
substrate reaction product should also have 
distinctly separate excitation and emission 
wavelengths, plus the substrate itself should be 
non- fluorescent. 
The three main enzymes each have one or two 
major fluorogenic substrates that are suited for 
ELFIA. Alkaline phosphatase is usually paired up 
with 4-MUP (4-methylumbelliferyl phosphate), which 
is converted to 4-methylumbelliferone with an 
excitation wavelength of 360 nm and an emission 
wavelength of 440 nm. This substrate is dissolved 
at 0.1 to 0.2 mg/ml in 100mM diethanolamine, 1 mM 
MgCl2, pH 9.6. Commercial liquid preparations of 4-
MUP are available; however, our results have 
indicated that the liquid version results in a much 
higher back- ground as compared to freshly 
prepared substrate solutions. 
 
A suitable fluorogenic substrate for ß- galactosidase 
is MUG (4-methylumbel- liferyl galactoside), which 
is converted to 4-methylumbelliferone. (This is the 
same product that results from the conversion of 4-
MUP, the substrate used with alkaline 
phosphatase.) There is an increased use of 4-MUG 
to detect reporter gene expression; a ready-to-use 
form of this substrate is available for other non- 
ELISA applications. 
 
Two fluorogenic substrates are currently used for 
ELFIA utilizing peroxidase as the enzyme label. 
These are HPA (hydroxyphenylacetic acid) and 
HPPA (3-p-hydroxyphenylproprionic acid). 
Both require, as expected, the addition of hydrogen 
peroxide in order to produce a fluorescent product. 
HPPA is the most widely used fluorogenic 
peroxidase substrate. Its fluorescent product has an 
excitation wavelength of 320 nm and an emission 
wavelength of 404 nm. Stabilized fluorescent 
substrates for peroxidase are now commercially 
avaialable. 
 

Methods to Improve Signal Fluorometric assays are subject to several problems 
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that either non-specifically reduce or enhance the 
signal output. 
Detection of fluorescence is susceptible to 
changes in pH, temperature, ion concentration, 
detergent concentration, drying, and the solid matrix, 
which lead to light scattering, high background, 
quenching and bleaching issues. 
 
Light scattering is a phenomenon caused by the 
emitted fluorescent light being bounced around as it 
encounters molecules and/or particles in solution, or 
the surface of the microplate. It is important to use 
high quality chemicals; however, even the purest of 
reagents have particles that lead to light scattering. 
Opaque black plates and strip plates of the highest 
quality are designed to reduce the scatter caused by 
light bouncing off the surface by absorbing this light. 
Only light directed toward the detector should be 
measured. Aside from controlling the purity of 
reagents and diluents, and using a quality microplate 
to minimize the matrix effect, the only other assay 
technique that can reduce light scatter is preventing 
bubbles in the well contents. 
Background fluorescence and/or autofluorescence 
has several sources and is a major obstacle in the 
development of 96 well fluorescent assays. Sources 
of background include: 
 sample components (hemoglobin, bilirubin, 

cellular debris, drugs), 
 diluent components (metal ions), 
 plate material (type of plastic used), 
 miscellaneous contamination (dust particles,  

fingerprints). 
Background can be combated via three approaches: 
assay design, instrumentation, and cleanliness. 
Several assay design features can help reduce 
background. For homogeneous assays, sample 
dilution is the key. It is important that any interfering 
substances present in the sample be diluted to a 
degree that background from these substances is 
minimized. When a low enough dilution cannot be 
feasibly achieved, employing kinetic analysis of the 
production of a fluorescent reaction product is a 
good alternative. The interfering substances will 
produce only static fluorescence, while the specific 
assay reaction will be kinetic and easily discernible 
from the background. Time- resolved fluorometry is 
also a successful detection method that reduces 
non-specific background from being measured. 
For heterogeneous assays, background interference 
from the sample components is rarely an issue since 
this type of assay employs a separation step. 
However, this separation step must be adequate 
to remove all the interfering substances prior to the 
addition of substrate. It is imperative that all 

reagents used in the assay are of high quality and 
filtered through a 0.45 µm (non-particle shed- ding) 
membrane prior to use. It is also imperative that the 
microplate used be molded from non-autofluorescing 
material. Opaque black plates and strips are 
typically used for fluorescent assays due to their low 
background fluorescence. The type of plastic used is 
critical. Some plasticizers that may leach into 
solution can auto-fluoresce. Most quality 
fluorometers are equipped with features that aid in 
the reduction or elimination of machine-related 
background. These features include (i) filters, (ii) 
adjustable slit- width, and (iii) adjustable gain. Of 
these, the one that allows the end-user to most 
easily adjust for (subtract) background is gain. If the 
gain is adjustable, it can be used to achieve the best 
signal-to-noise ratio. 
 
In general, lack of cleanliness is probably the most 
common cause of occasional background. Physical 
items, such as fingerprints and dust, are notorious 
for increasing background fluorescence. The fogging 
of plate bottoms or instrument optics by 
condensation from temperature differences can also 
increase non-specific background. Typically, high 
background from these physical causes results in 
poor well-to-well precision. Quenching is a problem 
characterized by a non-specific reduction in signal. 
This phenomenon is caused by the absorption of the 
emission by dissolved oxygen. Reagents can be 
degassed prior to use to alleviate this effect.  
Bleaching or fading is also characterized by a 
reduction in signal. It is caused by an excessively 
long excitation step. Typically this is not a problem 
due to the low power and short excitation exposure 
times associated with today’s fluorometers. 
However, if substrate incubation steps are 
performed under bright light, bleaching can occur. It 
is recommended that this step be per- formed in the 
dark. Other sources of interference that can distort 
fluorescent readings include: (i) temperature 
variations, (ii) light source stability, and (iii) slit-
width. Fluorescence behaves opposite to most other 
detection systems. Fluorescence increases with 
decreasing temperature. It is important to maintain 
both a constant intra-assay and inter-assay 
temperature. Variations in temperature from one 
assay to another can cause changes   in assay 
sensitivity. We recommend that assays be 
performed at room temperature and include a 
positive and negative control (as a minimum) on 
each multiplate per assay. 
 

7 
 



 
 

www.aladdin-e.com 
 

Luminescent Assays 
 
Luminescent immunoassays, like fluorescent 
immunoassays, are variations of the standard 
ELISA. An enzyme converts a substrate to a 
reaction product that emits 
  
photons of light instead of developing a visible color. 
Luminescence is described as the emission of light 
from a substance as it returns from an electronically 
excited state to ground state. The various forms of 
luminescence (bioluminescence, chemilu- 
minescence, photoluminescence) differ in the way 
the excited state is reached. For example, 
photoluminescence is simply fluorescence; the 
excitation is initiated by light at a particular 
wavelength. Bioluminescence is characterized by 
the use of a bioluminescent compound, such as 
luciferin and firefly luciferase. Chemiluminescence 
is light produced by a chemical reaction. 
 
Both bioluminescence and chemiluminescence are 
widely used for immunoassays and will be 
discussed in this bulletin as “luminescence”. 
Luminescent assays, in particular enhanced 
luminescent assays, are very sensitive and have a 
wide dynamic range. It is believed that 
luminescence is the most sensitive detection 
method currently in use due to the ability of signal 
multiplication and amplification. Luminescent 
reactions are measured in relative light units (RLU) 
that are typically proportionate to the amount of 
analyte present in a sample. 
 
Selecting the Appropriate Enzyme Label 
As with the previous two detection systems 
described in this bulletin, the top three enzymes 
used for luminescence are peroxidase, alkaline 
phosphatase, and ß-D-galactosidase. However, the 
most widely used enzyme for luminescent 
immunoassays is peroxidase. Peroxidase can be 
used with either bio- or chemiluminescent systems 
and is easily enhanced to allow prolonged detection 
of intense light (glow luminescence) which makes it 
compatible with all size microplate assay formats. 
 
Selecting a Suitable Substrate 
A luminescent substrate should be chosen for its: 
 low background luminescence in the ground 

state, 
 ability to produce intense light in its active state, 
ability to produce stable light emission over a 
prolonged (minutes) period of time, and 
 commercial availability (quality and consistency). 
The substrate should be stable at room temperature 

during the duration of the assay. 
The three most-used enzymes have one to several 
suitable substrates. 
Peroxidase has the most extensive list of suitable 
substrates, which include (i) luminol, (ii) polyphenols 
and acridine esters, and (iii) luciferin. The reaction 
of peroxidase with luciferin is considered biolumi- 
nescence. In this reaction, peroxidase replaces the 
in vivo enzyme, luciferase. The other substrates are 
chemiluminescent compounds.  
Polyphenols are actually a class of substrates that 
include pyrogallol, purpurogallin, gallic acid, and 
umbel- liferone. All polyphenols are known for their 
excellent signal to noise ratio and extremely rapid 
light decay. Polyphenol and acridine ester 
substrates can only be used in conjunction with 
luminescent detectors equipped to handle “flash” 
reactions. The most popular substrate used for 
immunoassays is luminol. Luminol is commercially 
available in a stabilized form. It is the most suited 
for clinical diagnostic tests due to its properties 
when used in an enhanced luminescence system. 
Commercially available luminol is provided with an 
enhancer (phenols, naphthols, aromatic amines, or 
benzothiazoles) that acts as an enzyme protector 
and allows the reaction to proceed for many 
minutes without substantial decay in light output. 
Typically, light emission stabilizes in less than 2 
minutes, and sustained emission lasts for 
approximately 20 minutes or more.  
 
Enhanced luminescence is characterized by the 
following desirable features: intense light emission, 
prolonged light emission, low background, no 
preincubation step, and substrate that can be added 
several minutes prior to detection. As long as 
commercial preparations of luminol are used, control 
of the reaction pH is not a concern. However, if the 
substrate is a “home-brew” preparation, pH must be 
stabilized at about 8.5 to allow both peroxidase 
activity (optimal at pH 5.5) and light emission 
(optimal at pH 12.0) to occur. If the pH varies much 
above or below 8.5, either the enzymatic activity   or 
the luminescent detection will be negatively affected. 
As mentioned, luminol- based chemiluminescence is 
well suited for microplate-based immunoassays; in 
addition, this system is also recommended for DNA 
probe assays. 
Alkaline phosphatase and galactosidase each have 
one preferred substrate. AMPPD (3-(2'-
spiroadamantane)-4- methyl-4-(3'-phosphoryloxyph-
enyl-1, 2- dioxetane, disodium salt) is the substrate 
most commonly used with alkaline phosphatase. A 
similar substrate, AMPGD (3-(2'-spiroadamantane)- 
4-methoxy-4- (3'-ß-D-galactopyr-anosyloxyphenyl-
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1,2-dioxetane), is routinely used with ß-
galactosidase. Both substrates are compatible with 
commercially available enhancers. AMPPD is 
typically sold as a kit that includes additional buffers 
and reagents matched to the substrate for optimal 
performance. 
 
Glow versus Flash Detection Methods There are two 
distinct methods of detecting luminescence — flash 
and glow. Flash luminescence is transient in nature 
and reaches maximal light intensity with- in seconds 
or milliseconds. Due to the speed at which the 
reaction occurs, it is necessary to start the reaction 
while the reactants are in front of the photomultiplier 
tube or other light detection device. Starting the 
reaction consists of adding substrate and 
complementary reagents or buffers and subsequent 
mixing of all the assay components. Of paramount 
importance is that there be a constant time interval 
between the addition of the starting reagents and the 
time that the measurement takes place. For a 
microplate- based assay, this requirement is met by 
coordinating this step within the reading chamber. 
Reagent addition and light measurement takes place 
in a stepwise manner one well at a time. 
 
An alternate detection method is glow luminescence, 
which is a steady-state kinetic approach to signal 
generation. 
 
Glow luminescence is actually a large number of 
transient signals that occur in sequence and result in 
a constant signal. Unlike colorimetric or fluorescent 
reactions, the light produced is not accumulated as 
color or fluorescence can be, so the light emitted 
must be intense and the enzyme reaction prolonged 
in order to obtain sufficient signal. The positive 
aspects of glow luminescence is that 
 the reaction can be started outside of the 
detection instrument, thus eliminating the need for 
internal injection and mixing within the reader, 
 the procedure is simple, 
 the results are sensitive, 
 excellent enhanced substrate systems are 

commercially available, 
 the procedure is highly suited for microplate-

based assay formats. 
 
This type of luminescent reaction can be measured 
using a luminometer, captured on photographic film, 
or recorded via image analysis. Our experience with 
luminescence involves glow reactions. An area that 
we found to be crucial to obtaining reproducible 
results is the enzyme- substrate reaction time. 
Although it is reported that glow reactions are 

expected to be stable for at least 20 minutes, we 
found our results more consistent from well-to-well 
and from plate-to-plate when our incubation time 
was short. We recommend allowing a 2 minute 
stabilization period after substrate addition and then 
immediately reading the plates. Both signal strength 
and precision can be improved by optimizing the 
enzyme- substrate reaction incubation time.  Note: 
luminescent reactions do not require a stopping 
step. 
 
Conclusion 
Regardless of the detection technique one chooses, 
several parameters always need to be controlled: 
 One must always choose an enzyme label that is 
suitable for the application and detection method 
being employed. 
 Following the enzyme selection, a substrate that 
matches both the enzyme and the detection method 
must be chosen. It must also meet the assay’s 
requirements for sensitivity, dynamic range, and 
reaction speed, plus if possible, be commercially 
available as a stabilized tablet or solution. 
 Enzyme-substrate reaction requirements, such 
as incubation time and development conditions 
(temperature, light, etc.) need to be optimized. 
 The reaction product, be it colorimetric, 
fluorescent or luminescent, must be adequately 
mixed prior to detection to ensure accurate and 
precise readings. 
 The proper microplate must be chosen — clear 
for colorimetric, black for fluorescence and white for 
luminescence — and verified as a quality product. 
 
Finally, the detection device must be selected, 
keeping in mind that special options may actually be 
critical requirements; such as a temperature 
controlled reading chamber. 
 
Each detection method has its own set of special 
requirements, but if the general assay precautions 
outlined in this bulletin are followed, a precise, 
sensitive and reproducible assay can be developed 
and consistently performed. 
 
We hope that you will find our articles and products 
helpful and interesting. For more information on 
detection products available from Sigma, please visit 
www.aladdin-e.com. 
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1. Luminesce 

Item No. Product Name Specification CAS Pkg. 

A110325 N-(4-Aminobutyl)-N-ethylisoluminol 97% 66612-29-1 100MG,1G,500MG 

A120790 Isoluminol 98% 3682-14-2 1G,25G,5G 

A121478 2-Anthracenesulfonyl chloride for fluorescence, ≥90.0% (HPLC) 17407-98-6 100MG 

A121500 6-(4-Acetamido-1,8-
naphthalamido)hexanoic acid for fluorescence, ≥95.0% (HPCE) 172227-59-7 25MG,5MG 

B120830 Bis(2,4-dinitrophenyl) oxalate 98% 16536-30-4 1G,5G 

B120835 2-(4-Biphenylyl)-5-phenyl-1,3,4-oxadiazole 99% 852-38-0 5G 

B121486 Bis(2,4,6-trichlorophenyl) oxalate for chemiluminescence, ≥99.0% (AT) 1165-91-9 1G,25G,5G 

B121498   for scintillation, ≥98.0% (TLC) 17064-47-0 1G,25G,5G 

B121499 1,4-Bis(4-methyl-5-phenyl-2-
oxazolyl)benzene for scintillation,≥99%(TLC) 3073-87-8 25G,5G 

C120821 9-Carbazoleacetic acid ≥99.0% (T) 524-80-1 500MG 

C120824 Coumarin-6-sulfonyl chloride 97% 10543-42-7 1G,250MG,25G,5G 

C121470 1-Cyano-4-dimethylaminopyridinium 
tetrafluoroborate 98% 59016-56-7 100MG,500MG 

C121502 9-(Chloromethyl)anthracene ≥98% 24463-19-2 1G,25G,5G 

D115508 D-Luciferin 98% 2591-17-5 10MG,50MG 

D115509 D-Luciferin sodium salt 98% 103404-75-7 10MG,2MG,50MG 

D118399 D-Luciferin 6′-O-phosphate trisodium salt lyophilized powder 145613-12-3 5MG 

D120780 4-(4,5-Diphenyl-2-imidazolyl)phenol for chemiluminescence, ≥99.0% 
(HPLC) 1752-94-9 10MG 
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D120820 5,7-Dimethoxycoumarin 98% 487-06-9 1G 

D120825 Diphenylborinic anhydride 95% 4426-21-5 1G,250MG 

D120828 N,N′-Diphenylethylenediamine 98% 150-61-8 100G,25G,5G 

D121449 4,4′-Dianilino-1,1′-binaphthyl-5,5′-
disulfonic acid dipotassium salt 

for fluorescence,≥97%(HPLC) 65664-81-5 5MG 

D121464 N,N′-Dimethyl-9,9′-biacridinium 
dinitrate chemiluminescent reagent grade 2315-97-1 1G,250MG,5G 

D121467 N,N′-Dimethyl-9,9′-biacridinium 
dinitrate ≥97.0% 2315-97-1 1G,5G 

D121503 Dansylhydrazine ≥95% (HPLC) 33008-06-9 1G,250MG 

E121457 7-Ethoxycoumarin-3-carbonitrile for fluorescence, ≥99% (HPLC) 117620-77-6 10MG 

F120451 5-Fluoroindole-3-carboxaldehyde ≥98% 2338-71-8 1G,250MG,5G 

F121453 6-Fluoroindole-3-carboxaldehyde   2795-41-7 25MG 

H121495 N-Heptafluorobutyrylimidazole 97% 32477-35-3 1G,25G,5G 

L105655 luminol 98% 521-31-3 100G,1G,25G,5G 

L120798 D-Luciferin potassium salt ≥98.0% (HPLC) 115144-35-9 1MG 

L120800 L-(+)-Lactic acid silver salt 90% 80298-33-5 25G,5G 

L121459 Luciferase from Photinus pyralis (firefly) 

Ultra pure,≥98%(SDS-
PAGE),lyophilized powder,15-
30×10<sup>6</sup>light units/mg 
protein 

61970-00-1 1MG,5MG 

L121462 Luciferase from Vibrio fischeri 
(Photobacterium f)   9014-00-0 100MG,500MG 

M120794 
6-(4-Methoxyphenyl)-2-methyl-3,7-
dihydroimidazo[1,2-a]pyrazin-3(7H)-one 
hydrochloride 

for chemiuminescence,≥98%(HPLC) 128322-44-1 10MG 

M120795 
6-(4-Methoxyphenyl)-2-methyl-3,7-
dihydroimidazo[1,2-a]pyrazin-3(7H)-one 
hydrochloride 

98% 128322-44-1 10MG 

M120817 2-Methoxy-5-(N-
phthalimidinyl)benzenesulfonyl chloride for fluorescence, ≥97.0% (CHN) 126565-42-2 250MG,50MG 

M120826 Methyl 3,5-diformyl-1-indolizinecarboxylate ≥90% (HPLC) 163556-04-5 5MG 

M121480 4,5-Methylenedioxy-1,2-phenylenediamine 
dihydrochl for fluorescence, ≥99.0% (HPLC) 81864-15-5 10MG,50MG 

M121490 N-Methyl-bis(trifluoroacetamide) for GC derivatization,98% 685-27-8 1ML,25ML,5ML 

N120811 1-Naphthaleneacetic anhydride 96% 5415-58-7 1G 

N120832 2-(1-Naphthyl)-5-phenyloxazole For scintillation spectrometry, laser 
level,≥99% 846-63-9 1G,5G 

N121507 N-tert-Butyldimethylsilyl-N-
methyltrifluoroacetamide 97%,for GC derivatization. 77377-52-7 10×1g,1G,25G,5G 

O121483 9-Oxo-10(9H)-acridineacetic acid for HPLC derivatization, ≥99.0% (T) 38609-97-1 250MG 

P106993 Perylene  98% 198-55-0 1G,25G,5G 

P113762 
O-(2,3,4,5,6-
Pentafluorobenzyl)hydroxylamine 
hydrochloride  

99%,for GC 57981-02-9 1G,250MG 

P113763 
O-(2,3,4,5,6-
Pentafluorobenzyl)hydroxylamine 
hydrochloride  

98% 57981-02-9 5G 

P120806 N-(L-Phenylalanyl)-2-aminoacridone for fluorescence, ≥97.0% (HPLC) 352525-09-8 10MG,50MG 

P120813 2,3,4,5,6-Pentafluorobenzoyl chloride 99% 2251-50-5 100G,1G,25G,5G 

P120827 N-(1-Pyrenyl)maleimide 99% 42189-56-0 1G,250MG 

P121469 1-Pyrenebutyric hydrazide for fluorescence, ≥97.0% (T) 55486-13-0 100MG,500MG 

S121505 SQ-NHS for fluorescence, >50% (coupling to 
amines) 154161-81-6 1MG,5MG 

T120829 Tricarbonyl(2-methoxycyclohexadienylium) 
iron hexafluorophosphate 97% 51508-59-9 1G,250MG 

T121506 trans,trans-1,4-Diphenyl-1,3-butadiene 98% 538-81-8 100G,25G,5G 

 

11 
 



 
 

www.aladdin-e.com 
 

2. Enzymes 
Item No. Product Name Specification CAS Pkg. 

A105534 Aprotinin from bovine lung Lyophilized powder, TIU/mg 9087-70-1 5mg, 25mg, 100mg 
A106066 4-Aminoantipyrine  98% 1983-7-8 25g, 100g, 500g 

A107201 3-Amino-1,2,4-triazole  Analytical Standards 61-82-5 250mg 

A107202 3-Amino-1,2,4-triazole  96% 61-82-5 25g, 100g, 500g, 1Kg 

A107206 4-Amino-4H-1,2,4-triazole 98% 584-13-4 5g, 25g, 100g 
A107823 Amyloglucosidase from Aspergillus niger 100000u/ml 9032-08-0 10ml, 50ml 

A109181 α-Amylase BR 9000-90-2 100g, 500g, 2.5Kg 

A109182 α-Amylase BR 9000-90-2 100g, 500g 

A109612 ABTS 98% 30931-67-0 1g, 5g 
A113145 L-Arginine p-nitroanilide dihydrochloride 98% 40127-11-5 1g, 5g, 25g 

A114166 Acylase from Aspergilus sp.  enzyme activity≥30000u/g 9012-37-7 25g, 100g 

A117938 L-Alanine 4-nitroanilide hydrochloride 99% 31796-55-1 250mg, 1g, 5g 

A118327 Alliinase，EC 4.4.1.4  enzyme activity≥1000U/g  100mg, 500mg 
B100838 N-tert-Butyl-α-phenylnitrone  98% 3376-24-7 1g 

B100879 BAPNA 98% 911-77-3 500mg, 1g, 5g 

B100938 Benzamidine hydrochloride hydrate 98% 206752-36-5 5g, 25g, 100g 

B100967 Benzamidine hydrochloride 99% 1670-14-0 5g, 25g, 100g, 500g 
B101489 Benserazide hydrochloride  98% 14919-77-8  5g, 25g 

B101579 O-6-Benzylguanine 98% 19916-73-5 100mg, 500mg 

B105547 BCIP p-toluidine salt ≥99%(HPLC) 6578-6-9 100mg, 500mg, 1g, 5g 

B105554 Betaine  98% 107-43-7 250g, 1kg, 2.5kg 
B105556 Betaine  Ultra pure， 99% 107-43-7 25g, 100g, 500g 

B111878 5-Bromo-4-chloro-3-indolyl-N-acetyl-β- 
D-glucosaminide  99% 5609-91-6 25mg, 100mg 

B113076 BCIP p-toluidine salt For molecular biology 6578-6-9 100mg, 500mg 

B113812 Nα-Benzoyl-DL-arginine β-naphthylamide  
hydrochloride  97% 913-04-2 1g 

B118782 Bradykinin potentiator C ≥100%(HPLC) 30953-20-9 5mg, 10mg, 25mg 

B120760 6-Biopterin ≥97% 22150-76-1 5mg, 25mg 

B124750 5-Bromo-6-chloro-3-indolyl-β-D- 
glucopyranoside ≥98.0% 93863-89-9 100mg, 500mg 

C100456 Catalase 3500 units/mg 9001-5-2 1g, 5g 

C102395 Cytochalasin C from Metarrhizium  
anisopliae 97% 22144-76-9 1mg, 5mg 

C102396 Cytochalasin D 98% 22144-77-0 1mg, 5mg 

C104990 Creatine Phosphate Sodium Salt 98% 922-32-7 1g, 5g, 25g 

C106197 Chymotrypsin 800 usp u/mg 9004-7-3 250mg, 1g, 5g 

C106198 Chymotrypsin 1000 usp u/mg 9004-7-3 250mg, 1g, 5g 
C107601 6-Carboxyfluorescein diacetate 95% 3348-3-6 25mg, 100mg, 500mg 

C109262 cellulase Powder,10000U/g 9012-54-8 5g, 25g, 100g 

C109263 cellulase (liquid) 25000U/ml 9012-54-8 5ml, 25ml 

C109598 Cumene hydroperoxide  80-85% 80-15-9 100ml, 250ml,  
500ml, 10L 

C109697 O-(Carboxymethyl)hydroxylamine  
hemihydrochloride 98% 2921-14-4 5g, 25g 

C110243 Catalase ≥35,000 units/mg protein 9001-5-2 250mg, 1g, 5g 
C113165 Chymostatin Ultra pure 9076-44-2 5mg 

C118784 Calcineurin Autoinhibitory Peptide ≥90%(HPLC) 148067-21-4 500ug, 1mg, 2.5mg 

C118800 Cortistatin 14 ≥97%(HPLC) 186901-48-4 500ug, 1mg, 2.5mg 

D106200 DNAase ≥2,000 Kunitz units/mg 
protein 9003-98-9 100mg, 500mg, 1g 

D109083 DHBS 99% 54970-72-8 5g, 25g, 100g 
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D110953 3,3′-Diaminobenzidine tetrahydrochloride 
hydrate CP 7411-49-6 5g 

D110954 3,3′-Diaminobenzidine tetrahydrochloride 
hydrate 98% 868272-85-9 1g, 5g, 25g 

D113448 Diphenyleneiodonium chloride 97% 4673-26-1  25mg 

E105028 Ethylenediaminetetraacetic acid  
monosodium ferric salt CP,98% 15708-41-5 100g, 500g 

E105029 Ethylenediaminetetraacetic acid  
monosodium ferric salt 13.5-18.5% Fe basis 15708-41-5 100g, 500g 

E107150 Elastase, pancreatic from porcine  
pancreas 30 units/mg 39445-21-1 5mg, 10mg, 50mg 

E121713 Etoposide 98% 33419-42-0 25mg, 100mg, 500mg 

E123512 (2S,3S)-1,2-Epoxy-3-(Boc-amino)-4- 
phenylbutane 99% 98737-29-2 250mg, 1g, 5g, 25g 

F121952 Flunixin meglumine 98% 42461-84-7 100mg, 500mg 

G107461 (±)-Gossypol-acetic acid ≥98%（HPLC) 12542-36-8 250mg, 1g 

G109029 Glucose Oxidase from Aspergillus niger Lyophilized powder,>180 
U/mg 9001-37-0 50KU, 250KU, 1MU,  

2.5MU, 10KU 

G109030 Glucose oxidase 150-180U/mg 9001-37-0 1g, 5g 

G109031 Glucose oxidase 100 U/mg 9001-37-0 1g, 5g 

G118721 N-Glutaryl-L-phenylalanine p-nitroanilide  5800-34-0 1g, 5g 

G118722 L-Glutamic acid γ-(β-naphthylamide)  14525-44-1 100mg 

H105529 Hyaluronidase from Streptomyces  
hyalurolyticus ≥300 IU/mg 37259-53-3  10mg, 50mg 

H106855 Hydrogen peroxide–Urea adduct 97% 124-43-6 25g, 100g, 500g 

H107141 Hyaluronic acid sodium salt from  
rooster comb 95% 9067-32-7 1g, 5g, 25g 

I102602 Irinotecan hydrochloride 98% 100286-90-6  50mg, 250mg 

L105521 Lysozyme,from egg white 40000U/mg 12650-88-3 1g, 5g 

L105715 β-Lactamase BR 9073-60-3 1mg,1KU, 6×1mg, 
6×1KU 

L111236 Lipase 100000U/g 9001-62-1 10g, 50g, 250g  

L111237 Lipase powder, 15-35 units/mg 9001-62-1 25g, 100g, 500g 
L113161 L-Lactate Dehydrogenase Reagent grade 9001-60-9 25KU 

L115121 Lumbrokinase > 12000u/mg  25g, 100g, 500g 

L118818 β-lactamase >8 million U/1ML 9073-60-3 5ml, 8×5ml 

M103814 4-Methylumbelliferyl phosphate 98% 3368-4-5 100mg, 500mg, 1g, 5g 

M106662 N-Methyl-N-(trimethylsilyl) 
trifluoroacetamide ≥98.5% 24589-78-4 1ml, 5ml, 25ml, 

10×1ml 

M106663 MSTFA 95% 24589-78-4 5g, 25g, 100g 
M113162 Malate Dehydrogenase Activity(U/mg)>1200 9001-64-3  25KU 

N100529 2-Naphthyl acetate 98% 1523-11-1 5g, 25g, 100g 

N100668 4-Nitrophenyl α-D-galacto-pyran-oside 99% 7493-95-0 100mg, 500mg, 1g 

N104908 Nitrotetrazolium Blue chloride  98% 298-83-9 500mg, 1g, 5g 
N104910 Nitrotetrazolium Blue chloride  For molecular biology,98% 298-83-9 50mg, 250mg, 1g 

N106600 4-Nitrophenyl β-D-glucopyranoside 98% 2492-87-7 500mg, 1g, 5g, 25g 

N106933 β-NADH 98% 606-68-8 50mg, 250mg, 1g, 5g 

N107170 β-Nicotinamide adenine dinucleotide  
phosphate sodium salt hydrate 97% 1184-16-3 500mg, 1g, 5g 

N109088 1-Naphthyl phsophoric acid sodium salt 98% 2183-17-7 250mg, 1g, 5g 

N111817 1-Naphthyl phosphate monosodium  
salt monohydrate 98% 81012-89-7 1g, 5g, 25g 

N111844 4-Nitrophenyl N-acetyl-β-D- 
galactosaminide  98% 14948-96-0 250mg, 1g 

N113163 β-Nicotinamide adenine dinucleotide  
phosphate disodium salt 98% 24292-60-2 1g 
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N113487 2-Naphthyl phosphate sodium salt  98+% 14463-68-4 1g, 5g 

N119911 5-Nitro-1,10-phenanthroline 98.00% 4199-88-6 1g, 5g, 25g 
P101874 Pyridoxal phosphate 98% 54-47-7 1g, 5g, 25g 

P101875 Pyridoxal phosphate For cell culture, 98% 54-47-7 1g, 5g 

P104243 Papain ≥3 units/mg 9001-73-4 5g, 25g, 100g 

P105524 Peroxidase from horseradish 
RZ：>3.0，Lyophilized 
powder, 
activity：>250 units/mg 

9003-99-0 100mg 

P105525 Peroxidase from horseradish 
RZ：>2.5，Lyophilized 
powder, 
activity：>200 units/mg 

9003-99-0 100mg, 500mg 

P105526 Peroxidase from horseradish 
RZ：>2.0，Lyophilized 
powder, 
activity：>160 units/mg 

9003-99-0 100mg, 500mg 

P105527 Peroxidase from horseradish 
RZ：>1.5，Lyophilized 
powder, 
activity：>100 units/mg 

9003-99-0 100mg, 500mg 

P105528 Peroxidase from horseradish 
RZ：>3.0，Lyophilized 
powder, 
activity：>300 units/mg 

9003-99-0 100mg, 500mg 

P109033 Proteinase K Lyophilized powder， 

≥30 units/mg protein 39450-01-6 25mg, 100mg,  
500mg, 1g 

P110505 Pancreatin USP grade 8049-47-6 50g, 250g, 1kg 

P110927 Pepsin  1：3000 9001-75-6 25g, 100g, 500g 

P110928 PEPSIN 1：15000 9001-75-6 25g, 100g, 500g 
P111170 Pyridoxal hydrochloride 99% 65-22-5 1g, 5g, 25g, 100g 

P113169 Phosphoramidon Ultra pure 36357-77-4 5mg 

P113171 PROTEASE INHIBITOR COCKTAIL, 
 W/EDTA   1ml 

P113572 P<sup>1</sup>,P<sup>5</sup>-Di(ade 
nosine-5′) pentaphosphate pentasodium 96% 4097-4-5 25mg 

P116864 Pectinase 30000 U/g 9032-75-1 10g, 50g 

P123425 Papain Lyophilized powder, 
≥10 units/mg 9001-73-4 25mg, 100mg,  

500mg, 1g, 5g 

S104897 Sodium iodoacetate 98% 305-53-3 5g, 25g, 100g 

S109704 Spermine 98% 71-44-3 1g, 5g, 25g, 100g 

S113079 Spermine Cell culture，≥98.0% (GC) 71-44-3 1g, 5g 

T105531 Trypsin from bovin pancreas Potency ≥2500 units/mg 9002-7-7 5g, 25g, 100g 
T105532 Trypsin from porcine pancreas  1：250 9002-7-7 25g, 100g, 500g 

T105533 Trypsin from bovin pancreas Potency ≥3000 units/mg 9002-7-7 5g, 25g, 100g 

T106942 Trypsin, DPCC treated,  
from bovine pancreas BAEE >10000 Unit/mg 9002-7-7 500mg, 1g, 5g 

T109037 Tetranitroblue tetrazolium 96% 1184-43-6 100mg, 500mg 
T113170 Trypsin Inhibitor Soybean Reagent grade 9035-81-8 100mg, 500mg, 1g 

T117926 3,3′,5,5′-Tetramethylbenzidine (TMB) 
 Liquid Substrate System for ELISA Peroxidase substrate MFCD00007748 25ml, 100ml, 500ml 

T117927 TMB Liquid Substrate System Peroxidase substrate  25ml, 100ml, 500ml 

T117928 TMB Liquid Substrate System Peroxidase substrate  25ml, 100ml, 500ml 

T118254 Trypsin-Chymotrypsin 2400:400(6:1)  25g, 100g 
U108373 Urokinase from human urine ≥85%,potency 5-60000IU/mg 9039-53-6 10mg, 50mg 

V111249 (±)-Verapamil hydrochloride  99% 152-11-4 1g, 5g, 25g 

V113849 D-Val-Leu-Lys 4-nitroanilide dihydrochloride 98% 62354-43-2 10mg 
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	The incubation time associated with the substrate step in an assay must be predetermined so that the color formed for the lowest analyte concentration is significantly higher than the background and the color formed for the highest analyte concentrati...
	1. Coat the plate with the optimal antigen or antibody dilution.
	2. After rinsing away non-bound reagent, block the surface.
	3. Add the standard or sample containing the highest concentration of analyte to be detected.
	4. Incubate as appropriate; wash away non-bound analyte.
	5. Add the enzyme conjugate. Incubate as appropriate. Wash.
	6. Add the substrate solution.
	7. Monitor color development.
	8. Stop the reaction when the OD is approximately 1.0.
	9. Record the time required to reach an OD of 1.0. This is the optimal substrate incubation time.
	Development Conditions
	As mentioned earlier in this bulletin, temperature and light can affect the enzyme-substrate reaction. These two assay parameters can be the cause of “edge effect”; where OD’s in edge wells are higher or lower than center wells. All enzyme reactions a...
	to the intended incubation temperature. Room temperature incubations are the most common and are the easiest to control. All plates being processed at room temperature should be placed in a location such that none of the plates is situated near a sour...
	Although many substrate systems are believed to be stable in the presence of light, we firmly recommend that the substrate incubation step be performed in the dark to avoid edge effects caused by variations in incident light from well to well. Typical...
	to the light leak exhibit higher or lower OD’s). method of assuring that incident light is not affecting
	Performing incubations in the dark is the easiest the assay’s outcome. Kinetic assays are usually not a problem since the incubation is performed within the reading chamber of the detection instrument which has to be light- proof in order to function ...
	Mixing the Chromophore
	After the addition of stop solution and/or prior to reading the OD’s, it is important to adequately mix the well contents. This will assure both complete cessation of the reaction (endpoint assay only) and even dispersion of the colored reaction prod-...
	The physical effect that shaking the plate prior to reading has on the resulting optical density is depicted in Figure 1. Microplate colorimeters only read the immediate center of the well. This means that an unshaken plate will have wells that resemb...
	A                                B
	Figure 1. Effect of Shaking vs. Non-shaking
	The data in Table 1 clearly shows the increased precision that is possible by simply shaking the plate prior to reading. Out of 26 plates that were shaken before reading the OD’s, all of the plates pass our certification criteria for CV’s less than 3....
	There are several ways to accomplish the mixing step. Microplate shakers are available that hold 2 to 4 plates at a time so that plates can be shaken as a group prior to being loaded into a reader. Many micro- plate readers have built-in shaking mecha...
	Detection Methods
	For the purpose of this bulletin, we   will focus on the detection methods and equipment used for soluble reaction products that absorb light in the visible wavelength range (> 405nm). There is a wide choice of microplate readers available today that ...
	Some readers are capable of only single wavelength measurements. These are adequate for standard ELISA that have little or no interference from subtractable background noise. Most readers have the ability to read at dual wavelengths. This option is ne...
	one to read the plate at a wavelength specific for the reaction product and at a second wavelength that is out of the range of absorbance for the reaction product. The instrument subtracts the second wavelength from the first, effectively subtracting ...
	All readers are capable of endpoint analysis. This is adequate for most assays. However, for increased sensitivity and dynamic range, a reader capable of kinetic analysis is required. Endpoint assays require that the reaction be stopped when a certain...
	Fluorescent Assays
	Fluorescent immunoassays (ELFIA) are simply a variation of colorimetric ELISA. An enzyme converts a substrate to a reac- tion product that fluoresces when excited by light of a particular wavelength. The relative fluorescence units (emitted pho- tons ...
	Selecting the Appropriate Enzyme Label
	The three main enzymes that were described in the section for colorimetric assays are the same three that are used for ELFIA. However, the order of popularity is different. Alkaline phosphatase is the most widely used enzyme for fluorescent applicatio...
	for fluorescent-based immunoassays. Stabilized substrates for all three of the top enzymes are commercially available.
	Selecting a Suitable Substrate
	A fluorogenic substrate is chosen for its quantitative emission of light following excitation. The rate of light emission should be proportional to the amount of enzyme conjugate present. The substrate should be stable at room temperature and in the p...
	The three main enzymes each have one or two major fluorogenic substrates that are suited for ELFIA. Alkaline phosphatase is usually paired up with 4-MUP (4-methylumbelliferyl phosphate), which is converted to 4-methylumbelliferone with an excitation w...
	Two fluorogenic substrates are currently used for ELFIA utilizing peroxidase as the enzyme label. These are HPA (hydroxyphenylacetic acid) and HPPA (3-p-hydroxyphenylproprionic acid).
	Both require, as expected, the addition of hydrogen
	peroxide in order to produce a fluorescent product. HPPA is the most widely used fluorogenic peroxidase substrate. Its fluorescent product has an excitation wavelength of 320 nm and an emission wavelength of 404 nm. Stabilized fluorescent substrates f...
	Methods to Improve Signal
	Fluorometric assays are subject to several problems that either non-specifically reduce or enhance the signal output.
	Detection of fluorescence is susceptible to
	changes in pH, temperature, ion concentration, detergent concentration, drying, and the solid matrix, which lead to light scattering, high background, quenching and bleaching issues.
	Light scattering is a phenomenon caused by the emitted fluorescent light being bounced around as it encounters molecules and/or particles in solution, or the surface of the microplate. It is important to use high quality chemicals; however, even the p...
	Background fluorescence and/or autofluorescence has several sources and is a major obstacle in the development of 96 well fluorescent assays. Sources of background include:
	sample components (hemoglobin, bilirubin, cellular debris, drugs),
	diluent components (metal ions),
	plate material (type of plastic used),
	miscellaneous contamination (dust particles,  fingerprints).
	Background can be combated via three approaches: assay design, instrumentation, and cleanliness. Several assay design features can help reduce background. For homogeneous assays, sample dilution is the key. It is important that any interfering substan...
	For heterogeneous assays, background interference from the sample components is rarely an issue since this type of assay employs a separation step. However, this separation step must be adequate
	In general, lack of cleanliness is probably the most common cause of occasional background. Physical items, such as fingerprints and dust, are notorious for increasing background fluorescence. The fogging of plate bottoms or instrument optics by conde...
	Bleaching or fading is also characterized by a reduction in signal. It is caused by an excessively long excitation step. Typically this is not a problem due to the low power and short excitation exposure times associated with today’s fluorometers. How...
	Luminescent Assays
	Luminescent immunoassays, like fluorescent immunoassays, are variations of the standard ELISA. An enzyme converts a substrate to a reaction product that emits
	photons of light instead of developing a visible color. Luminescence is described as the emission of light from a substance as it returns from an electronically excited state to ground state. The various forms of luminescence (bioluminescence, chemilu...
	Both bioluminescence and chemiluminescence are widely used for immunoassays and will be discussed in this bulletin as “luminescence”. Luminescent assays, in particular enhanced luminescent assays, are very sensitive and have a wide dynamic range. It i...
	Selecting the Appropriate Enzyme Label
	As with the previous two detection systems described in this bulletin, the top three enzymes used for luminescence are peroxidase, alkaline phosphatase, and ß-D-galactosidase. However, the most widely used enzyme for luminescent immunoassays is peroxi...
	Selecting a Suitable Substrate
	A luminescent substrate should be chosen for its:
	low background luminescence in the ground state,
	ability to produce stable light emission over a prolonged (minutes) period of time, and
	commercial availability (quality and consistency).
	The substrate should be stable at room temperature during the duration of the assay.
	The three most-used enzymes have one to several suitable substrates.
	Peroxidase has the most extensive list of suitable substrates, which include (i) luminol, (ii) polyphenols and acridine esters, and (iii) luciferin. The reaction of peroxidase with luciferin is considered biolumi- nescence. In this reaction, peroxidas...
	Polyphenols are actually a class of substrates that include pyrogallol, purpurogallin, gallic acid, and umbel- liferone. All polyphenols are known for their excellent signal to noise ratio and extremely rapid light decay. Polyphenol and acridine ester...
	Enhanced luminescence is characterized by the following desirable features: intense light emission, prolonged light emission, low background, no preincubation step, and substrate that can be added several minutes prior to detection. As long as commerc...
	Alkaline phosphatase and galactosidase each have one preferred substrate. AMPPD (3-(2'-spiroadamantane)-4- methyl-4-(3'-phosphoryloxyph-enyl-1, 2- dioxetane, disodium salt) is the substrate most commonly used with alkaline phosphatase. A similar subst...
	1,2-dioxetane), is routinely used with ß-galactosidase. Both substrates are compatible with commercially available enhancers. AMPPD is typically sold as a kit that includes additional buffers and reagents matched to the substrate for optimal performance.
	Glow versus Flash Detection Methods There are two distinct methods of detecting luminescence — flash and glow. Flash luminescence is transient in nature and reaches maximal light intensity with- in seconds or milliseconds. Due to the speed at which th...
	An alternate detection method is glow luminescence, which is a steady-state kinetic approach to signal generation.
	Glow luminescence is actually a large number of transient signals that occur in sequence and result in a constant signal. Unlike colorimetric or fluorescent reactions, the light produced is not accumulated as color or fluorescence can be, so the light...
	the reaction can be started outside of the detection instrument, thus eliminating the need for internal injection and mixing within the reader,
	the procedure is simple,
	the results are sensitive,
	excellent enhanced substrate systems are commercially available,
	the procedure is highly suited for microplate-based assay formats.
	Conclusion
	Regardless of the detection technique one chooses, several parameters always need to be controlled:
	One must always choose an enzyme label that is suitable for the application and detection method being employed.
	Following the enzyme selection, a substrate that matches both the enzyme and the detection method must be chosen. It must also meet the assay’s requirements for sensitivity, dynamic range, and reaction speed, plus if possible, be commercially availabl...
	Enzyme-substrate reaction requirements, such as incubation time and development conditions (temperature, light, etc.) need to be optimized.
	The reaction product, be it colorimetric, fluorescent or luminescent, must be adequately mixed prior to detection to ensure accurate and precise readings.
	The proper microplate must be chosen — clear for colorimetric, black for fluorescence and white for luminescence — and verified as a quality product.
	Finally, the detection device must be selected, keeping in mind that special options may actually be critical requirements; such as a temperature controlled reading chamber.
	Each detection method has its own set of special requirements, but if the general assay precautions outlined in this bulletin are followed, a precise, sensitive and reproducible assay can be developed and consistently performed.
	We hope that you will find our articles and products helpful and interesting. For more information on detection products available from Sigma, please visit www.aladdin-e.com.
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