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Fig. 2 Principle of endotoxin measurement using Lysate reagent (encircled in blue)

(a) Coagulation (gel-clot method): If a clot is apparent on inversion of the tube after 37 °C for one hour,

the result is positive.
cleavage of coagulogen is optically measured.

the cleavage of substrate by clotting enzyme is optically measured.

(b) Coagulation (turbidimetric method): The amount of gel resulted from the
(c) Coloration (colorimetric method): pNA produced from

(d) Luminescence (bioluminescence

method): D-luciferin produced from the cleavage of substrate by clotting enzyme is measured.

Table 1 Comparison of reaction time and detection
limit in endotoxin detection metohods”
Method React/lrc;ri)nTlme Det/egtljorrrll II:_lll’nlt

End-point turbidimetric 15 0.01

End-point chromogenic 15 0.1

End-point chromogenic 30 0.01

(Long reaction time)

Turbidimetric kinetic 138 0.0005

Kinetic chromogenic 90 0.002

Bioluminescence 15 0.0005

(This method)
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Fig. 3 The three-dimensional structure of North
American firefly luciferase and amino acid substitution
positions of high-luminescence mutants®
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Fig. 4 Time-course changes of bioluminescence
intensities of mutant luciferase FM and wild-type
luciferase?

Reactions contained 100 pL of luciferase (0.25 mg
mL™) and 100 pL of substrate (10 mol ATP and 10~
mol D-luciferine), both in tris/HCI buffer.
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Fig. 5 Comparison of endotoxin detection curves by
bioluminescence and chromogenic methods”
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Fig. 6 [Effects of various concentrations of sodium
chloride, potassium chloride, calcium chloride,
ammonium chloride, and sodium acetate on the
activity of the wild-type luciferase”

The relative luminescence intensity (%) was calculated
by dividing the recorded intensity of luminescence in
the presence of an indicated salt by that in the
absence of a salt. The values are represented as
means =SD (n = 3).
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Fig. 7  Effect of NaCl concentration on luminescence
intensities of luciferase FM
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Fig. 8 Effect of NaCl on bioluminescence method
using luciferase FM®

Luminescence intensities were measured at various
concentration of luciferin.
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Fig. 9 Luminescence intensities of biolumenescence
method using luciferase FM under dialysis condition®

Luminescence intensities were measured at various
concentration of endotoxin.
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Table 2 The effect of VIa288 substitutions on luciferase activity in the presence of

140 mmol L' sodium chloride”

. Substituted Molecular weight Polarity and Relative luminescence
Luciferase . . _ . .
amino acid /g mol 1 charge intensity/ %
Wild type Val 117.15 Nonpolar 44.0+0.6
Mutant Gly 75.07 Nonpolar 16.3+0.1
Mutant Ala 89.09 Nonpolar 21.9*1.3
Mutant Pro 115.13 Nonpolar 19.6+0.4
Mutant Ile 131.17 Nonpolar 67.2+29
Mutant Leu 131.17 Nonpolar 46.8+0.6
Mutant Met 149.21 Nonpolar 47.3+0.7
Mutant Phe 165.19 Nonpolar 46.2£0.8
Mutant Trp 204.23 Nonpolar 28.9%0.9
Mutant Ser 105.09 Polar 16.3%0.1
Mutant Thr 119.12 Polar 25.6+0.5
Mutant Cys 121.16 Polar 46.5+1.3
Mutant Asn 132.12 Polar 29.3£0.5
Mutant Gln 146.15 Polar 32.8+0.3
Mutant Tyr 181.19 Polar 38.3+0.9
Mutant Lys 146.19 Positive 23.8+1.8
Mutant His 155.15 Positive 31.1+1.4
Mutant Arg 174.20 Positive 40.8+0.8
Mutant Asp 133.10 Negative 16.1=0.4
Mutant Glu 147.13 Negative 25.1£1.0

Table 3 The effect of Glu488 substitutions on luciferase activity in the presence of 140

mmol L' sodium chloride”

. Substituted Molecular weight Polarity and Relative luminescence
Luciferase . . _ . .
amino acid /g mol 1 charge intensity/ %
Wild type Val 147.13 Negative 44.0£0.6
Mutant Gly 75.07 Nonpolar 50.2+0.2
Mutant Ala 89.09 Nonpolar 43.4+1.1
Mutant Pro 115.13 Nonpolar 545+1.2
Mutant Ile 117.15 Nonpolar 78.7+1.3
Mutant Leu 131.17 Nonpolar 58.0+0.5
Mutant Met 131.17 Nonpolar 62.0+0.5
Mutant Phe 149.21 Nonpolar 73.1+0.7
Mutant Trp 165.19 Nonpolar 56.6 1.1
Mutant Ser 204.23 Nonpolar 40.0+£1.2
Mutant Thr 105.09 Polar 50.9+1.0
Mutant Cys 119.12 Polar 66.8+1.7
Mutant Asn 121.16 Polar 69.5+1.1
Mutant Gln 132.12 Polar 30.9+1.1
Mutant Tyr 146.15 Polar 348+1.4
Mutant Lys 181.19 Polar 40.2+0.7
Mutant His 146.19 Positive 229+1.3
Mutant Arg 155.15 Positive 32.8%0.5
Mutant Asp 174.20 Positive 43.1+1.0
Mutant Glu 133.10 Negative 68.1+1.2
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Fig. 10 Inhibition of the activity of wild-type and

mutant luciferases by sodium chloride”

The luminescence intensity of luciferase reactions in
the absence or presence of 140 mmol L™ sodium
chloride was measured. The values are represented
as means =SD (n = 3).
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Fig. 12 The effect of sodium chloride concentration
on the activity of wild-type luciferase, luciferase FM
and luciferase CR”
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N-terminal
domain

Val288

Fig. 11
mutations in the luciferase CR”

The three-dimensional structure of Photinus pyralis luciferase and the locations of

The active sites with a substrate analog (dehydroluciferylsulfamoyl adenosine) are indicated

in the right box.

The amino acid substitutions (red) in the luciferase CR are indicated.

This figure was created based on the crystal structure (Protein Data Bank ID code 4G36) of

Photinus pyralis luciferase.
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Fig. 13  Effect of NaCl on bioluminescence method

using lucciferase”

Luminescence intensities were measured at various
concentrations of luciferin.
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Fig. 14 Luminescence intensities of bioluminescence
method using luciferase CR under dialysis condition®

Luminescence intensities were measured at various
concentrations of endotoxin.
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Fig. 16 Evaluation of the bioluminescence method
by other groups”

Six third parties measured endotoxin concentrations
under dialysis and water conditions.

Fig. 17 One-step reaction type bioluminescence ET
analyzer
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ET-detection method
based on
One-step Addition of Reagents

Endotoxin

« Lysate reagent
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Fig. 18 ET-detection biochemiluminescence methods: Two-step reaction versus One-
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Fig. 19 Relationship of measured endotoxin in
distilled water and endotxin in dialysis solution by
using bioluminescence endotoxin detection based on
one-step addition of reagent
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A novel endotoxin detection method was developed that combines a bioluminescence
method using a high-luminant mutant luciferase and a lysate reaction. This method reached
the detection limit of 0.0005 EU mL™ in a 15-min duration. A salt-resistant mutant luciferase
was developed whose sensitivity was not decreased by sodium chloride (NaCl) in dialysate; it
was applied to the endotoxin analyzer for dialysate measurement. It was useful for dialysate
measurement with a detection limit of 0.0003 EU mL™ at 20 min and exhibited other
properties under dialysis conditions. A thermostable luciferase was also developed and
applied to a single-reaction type endotoxin analyzer. The detection limit was 0.001 EU mL™'
for 10 min, enabling a more rapid endotoxin detection. This novel endotoxin detection
method has rapidly been becoming popular in the field of dialysate measurement because of
its excellent features.
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