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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 bacteria”. In 1964, J. Levin and F. B. Bang discovered 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 198877 Currently, there are gel-clot, turbidimetric and
chromogenic techniques as methods of the bacterial endotoxin test. A bacterial
endotoxin test is to be perfomed by one of these techniques”.

Kakinuma et al. reported that the lysate reacts not only to endotoxin but also
to (1-3)- f-D-glucan (B-glucan)”. Iwanaga et al. reported that the cascade
system in the lysate activated by f-glucan was different from the one activated
by endotoxin® ”. It was also described that an LAL-reactive material coeluted
from cellulose membranes®.

A false positive such as from f-glucan or any substance other than endotoxin
can present an issue when testing.

This kit contains Limulus Color KY Single Test vials and a Control Standard
Endotoxin (CSE) which can specifically, and rapidly detect and quantify
endotoxin with high sensitivity. The Limulus Color KY Single Test is a lyophilized
lysate including the synthetic chromogenic substrate and buffer constituents.
This lysate is a single test reagent that can be measured simply by adding
0.2 mL of sample to the prefilled lyophilized product vial. The Limulus Color
KY Single Test is suitable for kinetic analysis by using the Toxinometer”
Measurement System (Toxinometer”).

The CSE is lyophilized LPS which has been extracted and purified from E. coli
UKT-B by the phenol method” '?, 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 Single Test reagent.

2. The reagent can specifically detect endotoxin with high sensitivity without
being affected by f-glucan in the sample.

3. The reagent reacts with endotoxin in a wide range of concentrations, some
samples may not need to be diluted.

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

5. The Toxinometer” can quantify endotoxins with the kinetic-chromogenic
technique.

6. Limulus Color KY Single Test vials result in no reagent wasted after testing.
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[Principle]

The mechanism of this chromogenic reagent in the presence of endotoxin is
summarized in Figure 1. 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 f-glucan dependent clotting cascade, however,
activation by f-glucan is dependent on the concentration of f-glucan within
the sample. In the presence of very high concentration of f-glucan, the lysate
will not be activated. The Limulus Color KY Single Test contains a large
amount of f-glucan to prevent the activation. This formulation allows £ -glucan
to be completely inhibited and endotoxin can be assayed specifically'”. )
The Limulus Color KY Single Test is measured using a Toxinometer” to
show the activation of product due to color generation when there is a
decrease in the transmitted light quantity ratio. In addition, it measures 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)

v B-glucan
Factor G
FactoTB—\

¥
N
(] Activated Form) Proclotting Enzyme Clotting Enzyme

Chromogenic Synthetic substrate =~ Synthetic substrate + Chromogenic group
(Boc-Thr-Gly-Arg-pNA) (Boc-Thr-Gly-Arg) (pNA)
Figure 1 The Color Development Cascade Mechanism of Limulus Color KY
Single Test
The X represents that the activation of f-glucan is prevented due
to the large amount of f-glucan derivative in the reagent.

[Kit Contents]

1. Limulus Color KY reagent, lyophilized extract of Limulus polvphemus
amebocytes containing synthetic chromogenic substrate, buffer constituents
and (1 — 3)- f-D-glucan derivatives.

.......................................... 25 VialS X 02 mL
Storage : Store at 2 to 10C.

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 2-10C for 1 month. Stored CSE solution must be agitated vigorously
with a vortex mixer for more than 1 minute before use.

I. Materials and Equipment not provided

1. Pipettes

2. Test tubes™ for dilution of standard solutions

3. Vortex mixer

4. Water for BET™

5. Micropipette tips® (Bio Clean Tip Wako" Extend ST Code : 294-35011,
Bio Clean Tip Wako” 10001l Code : 298-35031)

6. Toxinometer”

7. Aluminum Cap-S* (Code 293-28251)

% : The materials should be endotoxin-free.

NOTE : A test tube and the pipette should be dehydrogenated by 250 C
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and more than 30 min. Water should be Endotoxin-free water. The
plastic products such as tips for micropipets should be confirmed
that they are no endotoxin contamination and adsorption or inter-
ference with the measurement.
II. Preparation of Reagents
1. 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 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.

2. 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.

3. 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.
4. pH adjustment of samples

If the pH of a mixture of the sample + Limulus Color KY

Single 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.
Il. Determination using Toxinometer” Measurement System
1. Preparation of Reagents
Prepare reagents as stated in the “Preparation of Reagents” section.
2. Toxinometer” Parameters
Set the Toxinometer” parameters as shown :
Target temperature : 37C
Threshold value (Th) :94.9%

13), 14), 15), 16)

Count 03
Wait time*! : 5 minutes
Measurement time*? : 60 minutes

%1 : When measuring at high concentrations, it is recommended to shorten the
Wait time and change the setting to “Use the first count as Reaction time.”
%2 : Please note that the higher the sensitivity, the more time may be required
for the endotoxin to be measured by the Toxinometer”.
3. Assay procedure
1) Remove the appropriate number of Limulus Color KY Single Test vials
out of the kit box and place each in the test tube rack
2) Remove the cap by using the cap opener provided in the kit box
3) If the lyophilized product is attached to the rubber stopper, gently
tap the bottom of the vial on a firm surface before opening the vial.
Small amounts of lyophilized product attached to the rubber stopper
will not affect testing.
4) Use cap opener to pull up rubber stopper releasing the vacuum. If
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necessary, remove the rubber stopper and cover vial with an endotoxin-
free aluminum cap.

5) Dispense 0.2 mL of water for BET (negative control), standard solutions,
and/or samplesa into each of the lyophilized Limulus Color KY Single
Test vials.

6) Return the rubber stopper or the aluminum cap on to the single test
vial.

7) Mix the single test vial with a vortex mixer for 5 seconds to dissolve.
Check to dissolved.

8) Place each vial into the Toxinometer® to be measured by the Toximaster®
software

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.
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Activation Time (min)
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Figure 2: An example of standard curve of endotoxin measured with
Limulus Color KY Single Test using a Toxinometer"”.
This figure shows that a high correlation standard curve can
be obtained over a wide concentration range.

[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 Single Test reagent, which
contains a large amount of f-glucan derivative, may activate regular LAL
reagent that is sensitive to f-glucan. Be careful not to contaminate regular
LAL with the Limulus Color KY Single 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.
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- Do not use reagents past their expiration dates.
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[Storage] 2~ 10T
[Expiration date] Indicated on the label
[Package] 25 tests

Manufactured by
FUJIFILM Healthcare Manufacturing Corporation

2613-2, Ogohara, Komono-Cho, Mie-Gun, Mie 510-1222, Japan

Distributed by
FUJIFILM Wako Pure Chemical Corporation

1-2, Doshomachi 3-Chome, Chuo-Ku, Osaka 540-8605, Japan
Telephone : +81-6-6203-3741

Facsimile : +81-6-6201-5964

http:/ffwk.fujifilm.co.jp

Group Companies Distributors

EEEEE i E

—5/10 —




a— K'No. 291-53601 (25[E1F)
IR SEB
Limulus Color KY Single Test Wako
YLIWAHNS—KY VLT A Rga—
# B % B £

[ikRt®ic]

Iy R MRy (NEHHR) & 7T 2BREROMIEE S TH 2 ) REHE (LPS)
Thh, REWLEIMEWE S/ BY2y) T, TYFMFYLICEDIE
eI N W, RS EEAMRNICA L LR Y a3 v 7 R EOREEREIE
MEVERTZD, SNODEREHOZY FFF Y VICXBHERIIEC LR
HET2LENHY 7,

1956 4. F. B. Bang 2% 75 ABMHIZ L 2% 7 b SR OB Z#E L Y,
E 512, 1964 4E. J. Levin & F. B. Bang 7% Limulus Amebocyte Lysate (LAL)
OERFMABLY FFEYVICE-oTOERISNLILEZHALTURY, 54
=ML VAT PN UMIBEE. SRR ke LTALH
WHNTWET, JAVZATFA ML LTHSNS 2N L. 1980 4, KEHE
RHCIER S L, 1988 4EICid, HASR A I Ik shT LYY, BifE, =
YR MY UBHEEICE, Fvibs EEB O (BA R E )
BHY, TRV VRBEIINSOWTNATIT) IO ICHEIN TV
’9‘_0

Kakinuma 51, 94 t—FRFE»® Q1 —=3)-p-D-FNVH ¥ (- VA ) I
LRBT 5 EZWE LY. & 512 Iwanaga 5l1d. T4 &— FR3piciz D v
FhF PPN - v THEMALRZ 220555 2 L 26T LE L
7200, F VO —ZROMBE Y T4 k— FERIEIIKIET 2 WEAER T
HIEBMESRY, SA - MREOZ Y N F T T B4Rk H
t&")‘(b‘i’&o

Ay ME, VANVAA T — KY k3 & Control Standard Endotoxin (CSE)
MHRY, BWRETHEIIZ Y F MR VORI ZIT) 2 LATE
F9. JUANAAT—KY ki, BOAEREEB LIRS 2 &4
T — MR ORI T, BE02mL & IR B 720 THIE AT R 2 R
ATORETT, Floo KREEPF ) A= =" EH /O EISEL T
WE 9, CSE &, E. coli UKT-B#AS 72 7 — Wik 10 12k o THIH, A5
L7z K%L B (Lipopolysaccharide, LPS) 500ng 2. ®MAlIE LT~w > = F—
WBIOZ) V2 MA CTHEZER LD DT, 2L L THAER T TE
DOHNT-T Y F MY VR Z VW THRE Ll EREN T E T,

(5  E]

L. 94— MR L BOEREEN ~HRBA SN TB Y. ABZ2RNT 2720
TRIGEHBES L ENTEET,

2K D B-TNH DB ZF LI HL, BRETIZY F MY ol
BB TE E 9,

3 MEHPHNIL L. FEALOHE, ABEANT L2LEND Y THA,

4. BRED D, AEHPORISHE - REDEOREEZHZRICL VKR TE T
‘3’-0

5. hFY A= =" Z R mEEIC X b EREHRETT,

6. WBICMELR BT IA — VREZMIHTEETTOT, BHEID Y A
(s B

LY MRV BARBREOREEBEINIOL I IZEZONTVET, T
bbb, 41— FRERIEITNL LY VT T 7 —ERMKEEL S .

B R ERES OB OGRS E 2 KL, Btk (pNA) A%EEEL T, #

—6/10 —




BOFEFELLE VI BOTYT (WD —J. BTNV TLE— K
FOWHALZ G SR L E 325, MERFESD ), RETIEIHIICT A £ —
MRAEOTHEMALZHEL, 2. TV FFFTVICE 551 = MO
RICIIEEE G2 $E A AR, BUBRIC -7 V7 B % SR It
fFERHILICEY), Y FMFY U ERBRICIET e TEET ",
FEY I A—5 =" 2 Mk, BRI TE L 2RI X 235
BWRELOBWSZWEL, HO2LoREE L L X WHIET S E TORIGH
B2 AL (Ta) & LT, Tad Yy FINFY VRELOMGELLT Y F
FEYVIREEZREBLET,

l‘/F‘%ﬂev‘fUnﬁ’%ﬁ; LPS)
C%?—‘\\\E@E

XK Ty
by [BEF]
N
(CONOSRTFRIENR)  GHEREEMIRE R

IR %%

e U Feta
(Boc-Thr-Gly-Arg-pNA)  (Boc-Thr-Gly-Arg) + (pNA)

B1 Y AVAHT—KY AHEOFM A A7 — Nk

XATRETOERED -7 VA VIFHEERKIZED -7V H VI X DAL E B
FTWwWhAZLEZRLTVWET,

[% v FNA]

LYANVAHT—KYRIE, KEEH T NH= (Limulus Polyphemus) M3k
Y O SR G AR, M) ABEREERB L O° 1 — 3)--D-
TN vFEEAE D)

--------- 02mL H x 25 234 7V % 2~ 10CHRAE *

223 O—NVAF Y F—FILY FMFY oy, SRS
--------- 154 7V (RS LPS & LT500ng) E. coli UKT-B OHRAH 5455
L7zZy RS VT8, AL LCY v = =0, ZU 3 v 2EaAhTT,

% 2~ 10CHAE *
)WLz b — VLAY U F—FZ YRR V32~ 10CHAELT
17 AURCHBHALTT S, ELZD 0TS & %131 5B L
RANVF v 7 AIFH—THIELTTE W,

[fEM75i%]
1. EHEEROCHETSHD
1. EXy b

2. MHHREE (73 F vy 7 &)
SANTF Y7 AIFY— (N, TNVFa—73IFH— VTM-2521 Code :

291-36241 %)

4. T FMF Y CHBAIK GBI HARER RS HARSEATE E3.)

5 F v/ (}“/(71'7')—V%‘VTVHf‘R‘l7X7‘> FS T Code : 294-
35011, N4 A7) —rF v 77 a—"10000 Code : 298-35031 %)

6. FF¥FY I A—F ="

7.7VIFxy 7 (FIVIFx v 7 -S Code : 293-28251)

) LT OB, ¥y Mot 250C T 30 4Dl k2
BIRE L72b0%, KiZZ Y F MY VEBHKZHWTT v,
<A 7R EXRy MNF v T REDTSIAF v 78N HW L8541
IV R MY roHGEWERTHEICHT 5 THokva & 2
BLTTFEW,

—7/10 —




0. DR
Laryra—VAy ¥y —FxyFr¥v > (CSE) DR
D SATARETVIF Yy 72WMYAL T T,
2) NATUHECSEDTLRZW LY EZFTLET, N1 7TILONE
1% 500ng @ CSE TY .
3) CSE O FR G2 2R L THRIEIEA 1000EU/mL & %% L HIZMA %
TN MY VRBRAROREZTDE T,
B EEAS 1000EU/mL & 2B £ DI v K MF 3 VB KE N4 7
WA ET. HRERHFTED b2y B b ¥ ¥ VMG 2 v
THE L2 FRaiE (EU/vial) 25954 7TV 5 X)VICHIRI S hvTw
7,
4) T1a¥e% L. CSE 2Bt sEE 3,
5 BTy 7 AIFF—TR2OMMLSHBIELTTE v,
223 a—NVAF Y F—FIY FhFT Y (CSE) DFEPHCRY DL
1) CSEx ¥ F M+ VBEHARTHNL E 9,
2) 1BEBOFMmRTI0OME ZZAL2HRILEVT TS0,
3) BAPNBERIROFPUREZ AT I RIS 0B LL LRV T v 7 23 F 49—
THEL TS
4) HRLZZ Y RS2y ROBHBRIE T 22003 »cfif L
Tawvy,
3. KA IR
AR LEIIR U CAMRL £ 97, MBGURHARIZ R O A& BRERE % 47 9 i
W3BUERLVF Yy 7 ZAIF Y —CHIELT T,
4. FHB o pH L
HEHAN 02mL ZINZ 720 AV A A T — KY RIEOREGER O pH 560
226 80 DHPAD HIE TN TV LA, BWENER O pH % #2472
DKBALF V) 7 A F 3 ERART60 225 8012425 X HITHHML T
T3,

M. F¥3y 2 A—p =" W BDags
1. iR F L
HIEOPRDOTHH ORI > THREDOMHB AT T T
2. bE T A= =" OHEIEN E SN

05 T 37C
L & Wil 94.9%
VAN 3

v NTAL* 55
0 1 2 60 %~

* 1 BIREOWERTIHAE. Y24 My AL L08ME 1A Vb
HABIGHEE & 55 X ) ICBRELHET L2 L2 BHOLET,
*¥2:WEBTHT Y MRV VIREICXVIERICEETE T,
3. 5 FE

1) BELEABOY ANVAHT—KY REZHELOLMO ML ET,

2) VANAHT—KYREEZT Y 7 ICHRTLBEZRDOTBEET,

3 bL. 94— REOBENTLHIAELTCWEELAE. A LT
A TIVORZBAELIPETLBIIAELTHDE T4 — Fik#ED
MEENATVOIKICHEE LET, PROIT A £— FRENT 2K
B L TOLRETIIRBOREIIEED ) T A

4) NATUPETLRZO-LDEEFTLEYT, T2KZ2IETLTD
DIZTVIF Yy TEBATLZLHTEET,

5) k& 02mL $OV ANVAA T — KY REITIMZ F T,

6) TLRHILVETVIFYy T2 LT T,

7) RANVT Y 7 AIFH—TH M, HIFLEMSEE T, BRI 2%
WHZREELE T, ,

8) MBEF 2 — 7% X ) A=y =" AL. WELFT,

—8/10 —




4 R E T — 5 T

BHET ¥ R N2 v 58 O N7z iGHEALEE R % W TR 2 1R L.
B OGS & MBSO Y F v ViREZHEB LT,
MEBO x i F MY ViBEoN 2., v i EherE R o
WD D CIE RSB TE 9, FURFEICIE—®AEED 5w
SRR AE C & T 970 MEMRHPHAYA WA bR o =
[t 8 kAN E WD 2 & TRERO 7 1 v 74 ¥ 7 Oh LA
HTEET,

200

100 |~

SEIMEAL RS (min) 2 @3 #
3
T

o
T

0.001  0.01 0.1 1 10 100

IV K2 VRE(EU/mL)

B2 AREFFY ) A= ="F VY FFFT Y O5HH
JRVIRERFH CRWHBEORERS B SN TV ET,

[ZHH EDiFE]

L ARSET Y F b v BRSO BRI L2 W T T v,

2. KB DHEEIC O VTR EINTBEY TRADTRHNWI ALY Lawv k)L
PAZIE 5 THEET S v,

3V ANAHT—KY REPITEFTNG B-7 NV h v FEARIE, KEECTIET Y
FIFEFIUVRENTRVI A = MREZBBITINVMELETOT, Zhb
DRIEDRANNT TG THEET S v,

4 ARSI Z Y F R F Y 0 LTl THIIC KIS LT TOTE Ry M Z 01l
DEE, TR MFY URBHK R EICE AT Y P MFY UHRIZIE ST
EET SV,

5. At L7 )R L 7B S S BORBEWAELZDDREE L TV ETOTHE
JALZWTTF 3w,

(&% k)

1) Bang, F.B. Bull Johns Hopkins Hosp. 98, 325-351 (1956).

2) Levin, J. and Bang, F.B. Bull Johns Hopkins Hosp. 115, 265-274 (1964).

3) The United States Pharmacopeia 41st, the National Formulary 36, 6011,
U.S. Pharmacopeial Convention Inc. (2018).

4) HTCYUE H ARSI 7 - EF3E, B-473-B-492 (2016).

5) Kakinuma, J., Asano, T., Torii, H, and Sugino, Y. : Biochem. Biophys. Res.
Comun., 101, 434-439 (1981).

6) AR, ARHPER], VARG, EHEUT, AAREIE 0 HARHIN MR
38, 781-803 (1983).

7) Iwanaga, S., Morita, T., Miyata, T., Nakamura, T., Hiranaga, M. and
Ohtsubo, S. : Bacterial Endotoxin : Chemical, Biological and Clinical
Aspects, edited by Homma, J. Y., Kanegasaki, S., Luderitz, O., Shiba, T. and
Westphal, O., 365-382, Verlag Chemie (1984).

—9/10 —




8) Peason, F. C., Weary, M. and Bohon, J. : Endotoxins and Their Detection
with the Limulus Amebocyte Lysate Test, edited by Watson, S. W., Levin, J.
and Novitsky, T. J.. 247-260, Alan R. Liss, Inc. (1982).

9) Westphal, O., Luderiz, O, Eichenberger, E. and Keiderling, W. : Z. Naturforsh.,
7b, 536-548 (1952).

10) Akama, K, Kuratsuka, K. and Homma, R. Kanoh, S., Niwa, M., Iwanaga, S.
and Nakahara, C. : Bacterial Endotoxin : Chemical, Biological and Clinical
Aspects, edited by Homma, J. Y., Kanegasaki, S., Luderitz, O., Shiba, T. and
Westphal, O., 395-407, Verlag Chemie (1984).

11) L#IEF, &k 3¢, Rk, AR o HASHE 2 HERE, 45, 903911
(1990).

12) RATHEES, ML, BAadsC, WIRAIH, 5 iml, e, 105, 300
(1985).

13) Oishi, H., Takaoka, A., Hatayama, Y., Matsuo, T. and Sakata, Y. : J. Parenter.
Sci. Technol., 39, 194-199 (1985).

14) Oishi, H., Fusamoto, M., Hatayama, Y., Tsuchiya, M., Takaoka, A. and
Sakata, Y. : Chem. Pharm. Bull., 36, 3012-3019 (1988).

15) KAWGE, FIHIEE, BASEC, A & S0 = 0 HARSEESE 116
4, 100, (1996).

[ %] 2~ 10CH4E
[fEHII] 5~z
[ %] 25

BET

ELXTAIVLNIVART 7
RZaAT7O0FvUVIHRARM
ZER=EBMBHAFTARE2613-2
HRZETT

ELTT7/VL N MRERARMT

KIETHPRXEEII=TEH1&E2S
Tel : 06-6203-3741

2503KA4
—10/10 —




