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[Summary and History]

Lipopolysaccharide (LPS) also known as endotoxin, is a component
of the outer membrane of Gram-negative bacteria. Since endotoxin
causes serious symptoms such as fever and shock in the human body,
the testing of bacterial endotoxins in pharmaceuticals (especially
parenteral drugs) is important.

In 1956, F. B. Bang reported clotting of the horseshoe crab blood
due to Gram negative bacteriaV. In 1964, J. Levin and F. B. Bang dis-
covered that clotting of Limulus Amebocyte Lysate (LAL) is caused
by endotoxin?. Subsequently, bacterial endotoxin detection using the
lysate is widely used as a sensitive and convenient method. This
method, known as the Bacterial Endotoxin Test (BET) was listed
in the United States Pharmacopoeia in 1980 and in the Japanese
Pharmacopoeia in 198834, Currently, there are gel-clot, turbidimetric
and chromogenic techniques as methods of the bacterial endotoxin
test. A bacterial endotoxin test is to be performed by one of these
techniques?.

Kakinuma ef al. reported that the lysate reacts not only to endotoxin
but also to (1—3)-8-D-glucan (3-glucan)®. Iwanaga et al. reported that
the cascade system in the lysate activated by p-glucan was different
from the one activated by endotoxin® 7. It was also described that an
LAL-reactive material coeluted from cellulose membranes®. A false
positive such as from p-glucan or any substance other than endotoxin
can present an issue when testing.

This kit contains Limulus Color KY Test vials and a Control Stan-
dard Endotoxin (CSE) which can specifically, and rapidly detect and
quantify endotoxin with high sensitivity. The Limulus Color KY Test
is a lyophilized lysate including a synthetic chromogenic substrate
and buffer constituents. This lysate is dissolved by water for BET
before testing with the assay. The Limulus Color KY Test is suitable
for kinetic analysis by using the Toxinometer® Measurement System
(Toxinometer®) or Microplate reader.

The CSE is lyophilized LPS which has been extracted and purified
from E. coli UKT-B by the phenol method?19, including mannitol and
glycine as additives. The CSE contains 500 ng of endotoxin and is
evaluated in comparison to the Japanese Pharmacopoeia Reference
Standard Endotoxin. The potency is determined and printed on the
label as a reference.

[Features]

1. The lysate and chromogenic synthetic substrate are formulated
together to form the Limulus Color KY Test reagent.

2. When dissolved with water for BET, the reagent can specifically
detect endotoxin with high sensitivity without being affected by
B-glucan in the sample.
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3. The reagent is stable after being dissolved, and does not react
with water for BET.

4. The reagent reacts with endotoxin in a wide range of concentra-
tions, some samples may not need to be diluted.

5. Due to its high sensitivity, sample dilution can reduce the chance
of interfering factors in the sample.

6. The Toxinometer® and Microplate reader are capable of quan-
tifying endotoxins with the kinetic-chromogenic technique.

[Principle]

The mechanism of this chromogenic reagent in the presence of
endotoxin is summarized in Figurel. The serine protease precursors
contained in the lysate are sequentially activated, the clotting enzyme
then hydrolyzes the chromogenic synthetic substrate. As a result, it
produces a yellow coloration. B-glucan also activates B-glucan
dependent clotting cascade, however, activation by B-glucan is
dependent on the concentration of g-glucan within the sample. In the
presence of very high concentration of g-glucan, the lysate will not be
activated. The Limulus Color KY Test contains a large amount of
B-glucan to prevent the activation. This formulation allows g-glucan
to be completely inhibited and endotoxin can be assayed specifically!?.

The Limulus Color KY Test is measured using a Toxinometer® or
Microplate reader to show the activation of product due to color
generation when there is a decrease in the transmitted light quantity
ratio or increase in absorbance. In addition, both instrumentations
measure the activation time (Ta), which is the reaction time to reach
the preset threshold value. As a result, the endotoxin concentration of
the sample is calculated from the relationship between the Ta and
endotoxin concentration generated from the standard curve.

Endotoxin (Lipopolysaccharide ; LPS)

¥
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Figure 1 : The Color Development Cascade Mechanism of Limulus
Color KY Test
The X represents that the activation of -glucan is
prevented due to the large amount of B-glucan derivative
in the reagent.

[Kit Contents]

1. Limulus Color KY Test, lyophilized extract of Limulus polyphe-
mus amebocytes containing synthetic chromogenic substrate,
buffer constituents and (1—3)-8-D-glucan derivatives.
""""""""""""""""""""""""""""""""""" 3 vials X 2 mL - 60tests
Storage : Store at 2 to 10C. Use the reconstituted Limulus Color
KY solution within 6 hours. The reconstituted solution can be
stored below —80C for up to 2 weeks, if necessary. The frozen
solution can only be thawed once.

2. Control Standard Endotoxin (CSE), lyophilized---+--+ 1 vial (500
ng purified LPS) Contains LPS, purified from E. coli UKT-B
including mannitol and glycine as additives.

Storage : Store at 2 to 10C. The reconstituted CSE solution can
be stored at 2-10°C for 1 month. Stored CSE solution must be
agitated vigorously with a vortex mixer for 1 minute before use.
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I. Materials and Equipment not provided

Pipettes

Test tubes* for dilution of standard solutions

Vortex mixer

Water for BET*

Micropipette tips* (Bio Clean Tip Wako® Extend ST Code :
294-35011, Bio Clean Tip Wako® 10001 Code : 298-35031,
Bio Clean Tip Wako® 2001 Code : 291-35021)

Toxinometer® Measurement System (additional items)

- Toxinometer®
- Limulus Test Tube-S* with Aluminum Cap (Code : 292-32751)

Microplate Reader (additional items)

- Microplate Reader

- 96-well microplates* (Bio Clean Plate Wako™ Code :
293-35221)

% : The materials should be endotoxin-free.

‘When using plastic products such as 96 well microplates and micropipette
tips, ensure these materials are endotoxin-free and will have no effect on
measurement. Endotoxin-free glassware and aluminum caps can be
prepared by dry-heating at 250°C for more than 30 minutes.

G

II. Preparation of Reagents
1. Preparation of Limulus Color KY Test Solution

1) Collect the lyophilized product into the bottom of the vial
by tapping on a firm surface. Small amounts of the
product on the rubber stopper will not affect testing.

2) Remove the aluminum cap from the vial.

3) Use tweezers to slowly pull up the rubber stopper.

Note : The inside of the vial forms a vacuum, therefore
avoid dispersion of the product. Do not touch the inside of
the vial or the inside part of the rubber stopper when pull-
ing up the rubber stopper.

4) Place the removed rubber stopper upside down on a
bench. Do not let the inside portion of the rubber stopper
touch any surfaces.

5) Dispense 2.0 mL of water for BET into the vial. Do not al-
low the rim of the vial to become wet.

6) Return the rubber stopper on to the vial. Do not let the
solution touch the rubber stopper.

7) Gently swirl the vial to dissolve the lyophilized product
completely. Be careful not to make bubbles in the solu-
tion or agitate the vial vigorously.

2. Preparation of Control Standard Endotoxin (CSE) Solution

1) Remove the aluminum cap from the vial.

2) Pull up the rubber stopper with tweezers and remove the
stopper from the vial.

3) Add the appropriate volume of water for BET based on
the EU value** (EU/vial) printed on the label for Tox-
inometer® to make 1000 EU/mL solution.

4) Return the rubber stopper on to the vial.

5) Agitate the vial vigorously with a Vortex mixer for
approximately 2 minutes to dissolve the lyophilized
product.

%% : Please request for EU value (EU/vial) of CSE for Microplate

reader before use.
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3.

Preparation of dilution standards

1) Use the CSE solution from the ‘‘Preparation of Control
Standard Endotoxin (CSE) Solution” to prepare dilution
standards.

2) Prepare a dilution series, ensure that one dilution does
not exceed more than 10-fold.

3) Each standard solution should be mixed with a vortex
mixer for more than 30 seconds before proceeding to the
next dilution in the series.

4) The dilution standard solutions should be assayed after
preparation.

Dilution of samples

Samples often need to be diluted. A diluted sample should be
agitated with a vortex mixer for more than 30 seconds before
being used in the procedure.

pH adjustment of samples

If the pH of a mixture of the sample + Limulus Color KY
Test solution is out of the range (between 6.0 and 8.0), adjust
the pH range of the sample solution to the appropriate range.
This can be achieved with a diluted sodium hydroxide or
diluted hydrochloric acid solution.

Note : For use with the Toxinometer®, approximately one vial
corresponds to 20 tests. For use with a microplate reader, approx-
imately 40 tests per vial can be prepared.

M-A Determination using Toxinometer® Measurement

1.

3.

System13),14),15),16)

Preparation of Reagents
Prepare Reagents as stated in the ‘““‘Preparation of Reagents”
section.

Toxinometer® Parameters
Set the Toxinometer® parameters as shown :

Target temperature : 37C

Threshold value (Th) : 94.9%

Count 03

Wait time : 5 minutes

Measurement Time* : 60 minutes

* Please note that the higher the sensitivity, the more time may
be required for the endotoxin to be measured by the Toxino-
meter®.

Assay procedure

1) Place the appropriate number of Limulus Test Tube-S in
the test tube rack. Be careful not to touch the rim of each
tube.

2) Gently swirl the reconstituted Limulus Color KY Test
solution to confirm its uniformity.

3) Dispense 0.1 mL of the Limulus Color KY Test solution
into each Limulus Test Tube-S.

4) Pipette 0.1 mL of water for BET (negative control), stan-
dard solutions, and/or samples into each of the cor-
responding tubes.

5) Place each tube into the Toxinometer® to be measured
by the Toximaster® software.
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4. Standard curve and Data analysis

The endotoxin concentration of the sample is based on the
sample’s activation time using the generated standard curve.
A standard curve will be generated by taking the logarithm of
the endotoxin concentration on the x axis and the logarithm
(log-log) or twice the logarithm (log-loglog) of the activation
time on the y axis. Linear or quadratic regression can be used
for regression calculation. If the range of the standard curve
is wide, improvement of the standard curve fitting can be
expected by using twice the logarithm of activation time or
quadratic regression.

200

20 —

Activation Time (min)
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Endotoxin Concentration (EU/mL)

Figure2 : An example of standard curve measured with
Limulus Color KY Test using the Toxinometer®.
This figure shows that a high correlation standard
curve can be obtained over a wide concentration
range.

[M-B Determination using microplate reader

1.

3.

Preparation of Reagents
Prepare reagents as stated in the ‘““Preparation of Reagents”
section.

Note : Each lot of Control Standard Endotoxin is tested by
Toxinometer® and Microplate reader but, the printed
EU value (EU/vial) on the label is determined by the
Toxinometer®. Please request the EU value (EU/vial)
for Microplate reader before use.

Microplate Reader Parameters

Set the microplate reader parameters as shown :
Temperature :37C
Assay mode : Kinetic

Onset OD 1 0.015
Auto mix : Once
Wavelength  : 405 nm (main) and 650 nm (reference)

Assay procedure

1) Dispense 0.05 mL each of water for BET (negative
control), standard solutions, and/or samples into the
corresponding wells of a microplate.

2) Gently swirl the reconstituted Limulus Color KY Test
solution to confirm its uniformity.
Pipette 0.05 mL of the Limulus Color KY Test solution
into each well of the microplate.

3) Gently agitate to confirm homogeneity and add the plate
to the microplate reader to be measured.
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4. Standard curve and Data analysis

The endotoxin concentration of the sample is based on the
sample’s activation time using the generated standard curve.
A standard curve will be generated by taking the logarithm of
the endotoxin concentration on the x axis and the logarithm
(log-log) or twice the logarithm (log-loglog) of the activation
time on the y axis. Linear or quadratic regression can be used
for regression calculation. If the range of the standard curve
is wide, improvement of the standard curve fitting can be
expected by using twice the logarithm of activation time or
quadratic regression.

[Warnings and General Precautions]

- Do not use this reagent for any purposes other than BET.

- This product is for research use only, not for diagnostic use.

- Exercise caution when handling the reagent, because toxicity of
LAL is unknown.

- Even a trace amount of the Limulus Color KY Test reagent, which
contains a large amount of $-glucan derivative, may activate regu-
lar LAL reagent. Be careful not to contaminate regular LAL with
the Limulus Color KY Test reagent.

- Be careful not to cause endotoxin contamination and always use
aseptic techniques.

- Discard product if the color has changed to yellow or any insoluble
matter is found after dissolution.

- Do not use reagents past their expiration dates.
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[Storage]l 2~10C
[(Expiration date] Indicated on the label

[Package] 60 tests
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