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W5, 20X D2 FENTEG. BRISEN 5 5 B R o B E
(A F7 1) T BT DikiE. RiELIZITbR S,
INOGORELRFTEZ. LPSDAZ LT HIYWEH b W2 AL
(F o R"THEBRHME. EK) ShTLED.

1.6.3 LPS OBk Fik

FEHHAEESH»S LPS ZETIIZE. GREEST AT A
M2 EYoRmbLPIIEHTCER Y, ZOED, AEALLBE ORI
LPS i &MU TCHRETAIHFESLELERS,

(1) A8k

AMIZEDFERIESESFTHD LPS ZIBAABMBERHFEHT
MR LEF2ABWRELTCEMPYHZENR TS HETHD R4S
BEEIZSWAASFieE LTIL000RENSHITOLDOETEHREMIR
FTENTWVWD, ZOFETE, LPSLHEBEDOHFELODH TP D
X LPS 2 ET23HEFITERY, LPS D—HFOoFENBLE
10,000 THEI23FEZEET L. T 10000 LTFTOEDITZ DN
EPEMAETH D, —H. BB, KT FDOHD 58 HET
L5 RETIEHFHEAKRKOREIZEAIADINKEIDEDFOD
K60 LPSBREIZHEHNTE v,

QY7 Bk

DFEODEWVWIIESS LIV ESDOZEEREILT N HIBED &
Fohnd, LPSEEAKZERLTWAEAE, BiFiikRahTWH
HENEBAOHBEBASFRIVBIZLALEREDFTHDEZ
EBWHETE HYKDPHERBRAD FZ L0100 B2FTHD
BEFT.LPSCERBMHEASZREET 22 EHTETHLI 2L LALRY,
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La L. mqu“wmdkiéi DS rrRo b o
LB LTWS, £7 LPS amm\mmﬁwmbmﬁm&mw
) Jﬂrn(il'nﬁy A EET B c‘:fiifﬁbb\;

()% & ik

ALEERL»PLDFED 100U LEBELISD TFHORD
DEWE”S O LPS BREFHik f\&%#m%ﬁﬁzeh6%£
FEELTE. BLVEDTHD, L LZOFETIE, LPSICEE
ROREFEHEZLORFHLELRD

(3-1) &M

1964 4E Yatzidis HIdimtERZERALEZ Y R b U BREOHE
ZLTW3B, FOWMIZHLEGORES"B EN TV D20 M BIXIE
#K%<®%E%&%?é%gﬂﬁbImS@M%?@@<\W%
LTIELLAZAVHHARDLAERIIZBRFEINATLEIRANLS S,
DIDEMRLLDT . BREZOAMNKR @Dmﬁﬂmkf<&<ﬁ
HEAZCICRIPMHTE RO R & RRICB KO W FH &
L TIiX Dowex (Rpg#hi ). Amberlite XAD-2 R EDR Y XA F L
CEDOAKRBMIBIZ LA MESLH 2N, TR HIRHEK E FHRIZER
HENRD B,

(3-2) 4 Ak

3
by

NmnBW@T:ﬁyﬁmﬁ%“%ézvz?iy&mwfly
FEFUrolFEE2R_AT. 7y M X OVRABRTE DR E % ffE 38
TW 3, L75>L’ODJE')7067:%‘//\4@1&-”]“(1 TR F— T
L7EME»P0 XU BREICHAIBEMNISAETTH S
RATFTARLF =T LEMEIRIURFELTLE S ZHEING 2K
FITTE R,
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(3-3) 73 8. 73/ MAREDEMELKT

RYIFL L BRIZT7AEMEH, FBECHLTEDRNED
BETHDH. TOHEEIX Figl-6 1273 L1, HiE im%h#&iok\
BRKDOXTFRFTHY 7I /782 b2 BHMEDT7 I /B & BiKIE
DT IVEIPLHEEIN TS,

Issekutz®Z AR Y I F 2 B % CNBriEffbkt 7 72— =2 4Bz
BEMALEZBZEHZ BT lug/mt 225 30pg/ml ~x > K b F v
BEZEBTEHE L TWD, (Fig.1-7)

CNBr {fitkfbkt 7y z — Xz ELaniz Y H o KX Fig 1-8 iZ
LOLELIIC. TAAVICEVBE?T 28 MbNAT WS
. NaOHZ WA AMmZ2gkEMOEFALTE Ry, 24X, =
YRERFFUOBRERAMELTEHIEFZGELLRVWHEETHY T X
By 72 EHAIZEE L v,
RIIFTVUyBERIAFLAIZADOT7 427 74— [ZBEEL
EFREAT (WHEALPLIF V) BEEEATVSE, . K
miERFOMLMP FbZF o2 EAMBER (AT EIMHRERE)
LoTHERETHHMTHRERINEZDBOTH D,

ERXFZIVHBEABANTERFO TR T I ) ANF T ATEMNAL
ZPERFIZEERLLEZbON (Had Aoty 7)) BREINT
WD, METIEHREZEIRFIEIA TS, ZOWFANIL, 44
BEA 0.1mol/L L FOEWESE T LPS IR AW HFKRED g T
Hol-MN., WEBRETIE LPS DS LAEL, EBROERCEE S

SUN,
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Fig. 1-6
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EIZXL2TIT 2%, Miin DB EIZILLTFTOFRLELIZ X » TIT
. MFEAMEMAKICBERAIRTEIEIZL2HK % 2 KRHAT
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SFEEEOBREHRAEBMOBEIX. £MEHF T & %M EK
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S THEIHHENERDL, D FREEEZT., 775 2 MWS5800
~ 853000 (WHFMEIL)., i~ b — A MW342~ 1153
(Flifb®ETE), EKk, EHTAra—NEHEHL I,

MimPBELEZ., P FLHERDOEHEEES FRO T oy
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Log M =B — a(Ve/Vt) X 100 -cceemomn- eq.2-1
Ve &1 m Mo EMEOENLE
Vit PR O (i fik

th T A
a ¢ HMBOMHSE

6 >
5 - \g
4 b Mii )
- Mlim
: .
7 |
2| o
i 8
Vo
O ! ] 1 1
0 20 40 60 80 100
Ve/Vt %
Fig.2-1 Typical calibration curve of SEC
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N 2g DWAEAEZ 10ml O A RV U F—IZ AN, #iKE
Mz TlMsEtosb, TORBMMPELRL RS R D ETIL
B = Tﬁﬁ(vm)%m-ttc%@% W A Al 4 B &
FHRICAR 4 SHHEZELRIEELLZMEL L, TBRWY
%ﬂlg%tnaM<mﬂWﬁ=§%E (sd) X 2-2n»
bR W,

Sd(wet-ml/g-dry)=V/(W-Wo) = --ecenono- eq.2-2

W O HBEOSMOEST A (B EEEHAD
Wo & fx o 1S
Vo W A5 A o K

3]

3 UAY REAR

o

3.1 A4 A A & o T

)?k

MEAODA XV ZHAEREITD HBEBEHEN L2 TEHRL
me ETWMEA Sml ZH T A7 4 NVF —LTRAF ) — I,
TPy BEIP—F AL TR E.2 4R BEEZBRLEZ,
BonfwiE® A osg® e L 100ml D=7 7 A a3l
AL, O IN—HEM /AKBEIK % EMIZ 25ml 0z 7=, 2 KW
%, ABiExE 10ml O A RAT7FRAIITABRL., BB KT
100mlIIZERE Lo, TOHMMENH 25ml & & D . 0.05N-XK
BBtk PV O AEHWW, T2/ —NTF LA rEERESE
LTHEELAEZ, MERIMBHBEYELEHMBEERD ., 4 F
vRBAER (IEC) X 230k vk
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fuer : O IN-HEBKBIEOZ7 77 7 —

fxaon 0. 0SN-k@LF NI DV LDT 77 F —
Viuer O IN-HEEBORMNME (ml)

Vaaon: 0.0SN-KBEEFT Y v A0 E M (ml)
W C mEAOFEE ()

232 RELSLMOAIVTIEEEARKEONMTE

MEAMOEEFERIT LEF/N HD VI T — VT — VIS
iz ko THER LK,

bom

233 L # T I KIEE

BEERMICEASREZ I BT I/ OEREIET=E FY &
EMo ko T EM LA, MAFA 01g & SOmIJEH A R T T R
SRR LEBATESRSLLE, ZOB~ITFF v 7 A Y —
=T —RA7 Y —RKREIZEHLD2D Inl ZTDH . 20ml
oRfMFRABEE~vnt, = FY UCyRIFEY7 a— (Foxit
ER) Iml ZMATHBARKBFRT T2 0o0mMMALEE. KE
KTHHLE, ZOKIZ8mI &2 A Xy ) — %M
xB<<RAEL., TTHRHB (570nm) OB HKEZEZNEL 2. IE
YW H L LT 27 /x4 )— )% 24 8umol/ml % H L
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EBUZEMNTI»HIALPT T Ty RF X7 Y —01%
DzEHLE, F72HBHERUCE2BHE T, TP H%
Mol = ® 2 % THENFRINRZ WL HICHE
H LI BELALEKZIZ20CTIINB OB 21T o7,
Xy P FyTRvA 0T VL - N REDODTTRAF YT
DEEFIA—H -0 FhbF 7Y —%HFELEZEMN
AL 72,

2.4.2 %K
Bk pH EICKE U T, BEMEEHIK (CH;COOH-

CH;COONa:pH4-5 ) . U o @ #% #i #® ( Na,HPO,-Nal,
PO4s:pH6-7). b YU A #E MK (Tris-HCl:pH8-10) % @& H £
S

L. A A BEOHMHIET NaCl ZHEMS 22 & THEH L
e A CEEORBIEIX 2412k 2TITo 72,
A A 5 (p)=1/2XMizZi*  eeeeee-- eq.2-4

Mi: A & v o E L
Zi: A4 A4 o IE ko b &

EHEOWBIZIET. EHMNKE K (KERIE) H 50X
BaRAK (I VQYV Y=z buar—4 AT AH) #FEMHL
7o, REMNEBEMLAEBIC I2IT. 2050 MAEXKREHEZ T
< 72,
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WAl SmlE HZ 2T 40 F — T 200ml A F / —
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2.4.4 T AN

WHEAMEIS L (FZEIARAITRTHBO NN F
BT A IDl.lem) 2 Iml FE LA, 2~ br 357
VAT LE, RARALAF T vy RO F 1Ty sy
LAExMWhk, 27aoa= 777 4—%@B2E (Fig2-
Ty FbhbFr 7Y —fbix.02M kBT Y U ATHD
THZER LTI o7, BENRFEZLTIRART,

su= NI 57 4 —YATLAORTE., SAVTHE, EIK
A7, BRINEE I 0.2M KEELIT Y U A E K
L. KWTxYy RFM&¥vror7 ) =K (PFK) *c“iﬁt:%‘frwl—"'ratzt
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Fig.2-2
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AT =AALIF, BRI LEIZEN~E, Fig.2-3 25
ft o B E2 RT3,

Endotoxin (1—3)- 8 -D-Glucan
FactorC -—L-> Factor Ca l
FactorB ————l———- FactorBa FactorGa FactorG
Proclotting Enzyme Y LA* —= Clotting Enzyme

[ H-Ala . .leu-Gly-Arg-Thr.  Arg—Gly. Phe-OH {Coagulogen)
16 17 18 19 46 47 175

Thr...Arg (Peptide 0)

() 46
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T 1 1617 18
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Fig.2-3 Gelation mechanism in limulus test
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ROSREEBEEOMERRII, = FbF U BELE
REBFOMKSRBRIZEY AL S pNA ORENEHF T 5 -
tilckad, MEFEBLLEZ, —ENMMEOREEErH VS
VRERA N IEEMADMRISEOMEL Z N NDB B A 3 F
v 7 #(Rate #E)DB H A0 K FEBH TIT Rate ik 28 A L =,
Rate 5 D 88 By 72 I IS h M % Fig.2-7 TR L7, KGO H)
WERIRIEHBAOL L LRV EDSICBUAEROMBE &L
THLBN, BAMMY7ZY 0oBEELEI (Abs./min) & L
TEST., SREOD F X o TRHELEDEEL
N orBEE2 7y M, HBE 2R3,
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Endotoxin (1—3)- 83 -D-Glucan

FactorC———J———>-Factor Ca
FactorB————l——4> FactorBa FactorGa FactorG

Proclotting Enzyme l l » Glotting Enzyme
|

Boc-Leu-Arg-mNA

Boc-Leu-Arg-0OH HZN——<<:::>>——N02

ONA
Fig.2-6 Chromogenic mechanism in limulus test
Abs. i Tangent - T
" Reaction curve
L
nitial rate=Tangent sloop
(- ’ L _ : R
0 Reaction time

Fig.2-7 Chromogenic reaction curve of LAL test

H

kY



FeE

26 U NI EDOE®RFE

F o7 BRI 7=V TF7 =, P NT D

FERE2AITDTIVEEZ2EATHIEDENBIIHI 2 £
SIEPMmLERTWS, HIZER LEM&DOF "7 HIiX
MBI TFWAFEEEREL, o X7 BHOEHD AR TH
5., IO RNITHEODEEREED -2 L LT UV Wl EE
NHHY BHL, UVHEEITIENBRE2 BRIIT 5t HIZ
FoTHFEINDE, LrL, REBOI>ILT, simddy s
N FEEHTIEEEIMOEEMAITIETLEALERZLSME
R UENAGETSH S,

Bl sl A RER UV-160 A X7 o X — % %
B REEEAL (KK E lecm) BEMNLEZ, BEE
(X 280nm THWIE LN YA P a3 — A6 CHETIE 415nm T
MELEZ, BEIRX~ 3MHBEERERL., FHHEX2KRDHEME
L 7.
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W3E O MATH OBRE L AR
3.1 7 2 /4t PMLG ER K B F

s, 1 98 6FEIERITI/VEO—FMTHDLIARY
(y-AF N L-7Z s AtA—1F) (PMLG) Z KKK FlLiZ T 5
HIZK L, PMLG I+ RBED 2 RMERPELRICE SL
U NRITAE~OBFERUERRD LD Z L. S HIZRKF
OITNVEICEBOMBEIZCTI )TN CCEEY) N R
LTHEALAET I /4 PMLGERRKB "2, HuW\w= ¥ F
FUOUOWMBFREBBRATOI L EHRELTCEAE, AFRITE
WTH7 2 /4 PMLG &3 572D R L., FEEBICH
L7, Fig3-147 2 / {t PMLG %3 Al o i Wk &L & % R
L7,

3.1.1 PMLG £k IR B F o i &

PMLG O hiFibid. I v—Z2RFLITD2HEED—-—DT
HhABEBREHBEILL S THo, REIF. BEY2EEPiC
BBEINEZRYVTIVEBABROBERP»EREBRET S
FETFEFUBIZIVEBINARALAEBEERRE> " TH %,

(1) A

7 2 /4 PMLG ERIRHP FoFBICH WA PMLG (Type
F-8000 i & B 1,000) X, Bk E () X vtz 07k,
M PMLGIZ |, 2 Y7 uaxd P\ Ty-AF N LITNLERA—
FPONIARXF MK OBMEERIZL > TAEREIAED
DTHDH, ., BHBEAELTHWEBMaMLAFY £ =
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AT D — v GH-20 1. BAGR (%) EOMALE, Y
Hr FeELTHVWEY Y Jxy»y (KXY, F&) 38
HAb% (k) v, FRFEELTCHVWEY (2F 0~ F
) 7EHELV— b (¥HE) BT HTA47 A2 (BK) XD
AL =,

(2) %% BB o Rk

A\

25 S EEAL AR Y B AT A — L KEHK 1800ml % R
B, EASTATITAOCAN, WRHEZ AV THEEZ
COCIleff- b RN bAF Ly LAKMOBBHRIME R AAT — I F
¥ —PN-40 W (FoAHIH) AT 2EMBRLL,

) RY~—HHEROFARIE

OB Mpm300 LT oK T EFMBE T SEAE T
PMLG-F-8000 & iR 12 2wt%PMLG ik 272 5 X 512 1,2-V 7
nox¥ s (¥, THF7A4FT A2 (K)) ZMZ 300ml &
L. A A A RZIEFRBWT I00CIIHEBRNDL 6 FHFHEEH LKL
L © % K UV = — B W ¢ L = . % L M K T
(Mim2,000-400,000) ZFAR I 2B 5L, L O PMLG
BKIZEbRFRAMELTY (2 x2F~F ) 750
— k% 8-16ml (1-2ml/dry-g PMLG) 7% 2 K S IZ&HEML.
FiEh&gcBRLE D ERY) ~—HRE L,

(4) % 2K ¥ &

ErHE LS BEEEI180mIOAsTEEANT T AT T A
adilz, KY~—%iKk 300ml ZERETCREE T &,
Wo Xz (R ~—%K: BwEdHE=1:6) 60C%

RN E 12-V27unxd DRV RLIQRDET,
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24-36 BN LA, 12 MBI BEBBEEREY T Y T
L. Wi cMaLaedys., o E2S 7o0umiEIZRD
o (500-560rpm) x @A L 2.

(5) KL+ Ok, »ik

BoNT-RFIEAM (HL T 48700) 27T 77
—og—+rEHVWT,.ART B EICEDEIIL ., KLF D 300
EmoMk (60C) ZHANWT, AMHETHFLEL, TOIR
RTOS0BEDAEFT ) — NV (L., THFT AT A7 (K))
THRBEREAFEZT -, ZLERFOBEEIT. A5 —
kHEoNizc., T by (1L, 7747227 (%)) 2H
Wiy s AL —HiEICLY, aRAMEBRELEZ, BB
Rk T % ddpm RO 105um OB Y A XD 5D WL
TAREHR LANHHMB L. R 44um-105um O K T % & /=,
BonfhFiEAFY S — PRI HEFL L,

(6) 7 2 /7 1k

PMLG BRI B F 30ml & B (H L /b 27 #8700) 2 4k o
774 —-—o— LT, AT EHNTHaERE.
BHMEABLEZRETEMEAE F& L THEHRL A, WEHE
B F % %/7»“**&0\ ERFC72HRAAERZBRIY
7 bW K F SgBRAAF WY 417 300ml
M=o 73 A2Aa0OAn, I NIZ 25-75vol% Y 7 X /) = 8 v~
DAF ) —LEERZ I0mIFEMLEZ, Ut —FNZXT 60T
RHhBnblFREETHVEERE L L,

{

H
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%3

PMLG solution

Suspention 2wt% PVA aq.

PMLG particles

Aminolysis l MeOH/diaminoethane

reaction

H

0C N—co

Aminated PMLG

Fig.3-1 Preparation of aminated PMLG adsorbents
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TIJHREBANEBIE., A¥ ) —NEPT I/ X r0RAL
ERIEHHE ARG T B itk THBLE, 7 I/ L
THEAMETERL, A% /) — AV TH+mtkE L%, XA F
J = TRAFL

/4
2

32 BT NN-UAFNLTI ) Tuauvnrryz2IYr7T
(DMP) W 35 &l o 7 B

3.2.1 WoE Kl o%RE

7 /1 PLMG BLFiX. EWVWA A i TH WL v F
FEFEUORFRERFON, AW EAILEMEEL L T AF
NI AT AL EEAFALTEY., WEAOBAEAWKZTWSDE T VA
U@ FizmAiko@BeriRo L, A%/ — Vol E bR
XN KEOERDEZIMEAND B,

INLORBEMIOBFB AR N MIF U REORR.
AR ERARAE, T, TIJOEKEATIIINLTIFRE
Jv— %k FMELEREANMOARERITLE, BE ) < —
OB OEP»TALDOILBTENAERTHY., B2 TAOD
HME2ZE2Ds T ERNoEB A ICELEZHE-RB &
BARERTHD., @/ ~v~—HUhBZFAF o MDY T FE
HoThy, BEFINHBEOTI/JERKIERIFRETHS, @F
Jw—DHRAB L EHNHTAIETREFEAOCOT IV ESE
EREZHICHGTEDS, OQARMZMNND L TEZHAEDR
FGILT&Erd, WEREBRHMBIUTHBILREROHRBPE T&E B,
OV H rFRTIVFFEETCHDIED. W7 AL )MHERT,
ZFoREanETLONR B,

APFRTE, EROHMEETHTEZIT 7 I AT I RKFRE
v —tfixDBFEMTMEDITEEITV, KK L O
KB FEEHKLE, Boh iAo FFF L Uk &

/



Vo XI7BOWEBEMREZPFEL. IR RN PFPEFER
W EH OMRBEIT» 7. Fig.3-3 {2 DMP % F Al o A ® F &
g R R,

(1) /) ~— 0D &K & FH

MEXHESKRICERA LAEZE = —0F (k) RA XY %
Z 7, ARICBWERIEL Tabled-1 l2axd, E2fix O
-+

Jw—BIUOELITAROMIEE Fig3-212R-7,

+ N-allylacrylamide(AA) D & X

oY

T (-50~50C)., @ EHE (F 7 XFr) WTe
. NaOH % (HC1 W W) vy hLZ4nDRhIEKT T
23 (1L) 27y A7 32y 127.1g (221mol). 7 =/ F
7Yy 1.13g. Z o u kA 400ml EMEX . #ET T-10C
FETHHLE, AEMLEEKE, 7272 07w T4 F 100g
(1.10mol) M F L7, M TRRISEEI-10CLLTIZR D
I 3o, MTH.MEF - 10CIZHKb 2EEMBEBHL L.
B hrE-admeAsB L, THLEES (7 I A7 I UK
pi) KR ELE. 2B EAER (W) L. 72 ek
A7 U AT ICvEBEERELEZE. = AKXV —F —
TcrsaouRNrAFBREL, RBEAERELELZ., & b1

iR
)

. N,N-bu'ghylene—bis-methacrylamide(BBMA)

BBMA O&®Kb 1,4 7 X)) 777V VEIa T
A Kb, AADFEEREKIZ L TIT» %,

CAFANAL FrF ) (MHQ) DK%
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MBEE/ == b0 MHQ OB ERIHERELICL » T
27, EWMAEM & Table3-2 7 ¥,

Table 3-2 Remove condition of MHQ .

Reagents Temp. Pressure
(C) (mmHg)
N,N-dimethyvlacrylamide(DMAA) 38.5 0.50
N.N-dimetyhaminopropylacrylamide(DMP) 101.0 0.20
N,N-dimetyhaminoethylacrylate(DMAEA) 32.5 0.30
Acryloyl chloride 25.0 35

(2) Z Dl o R I o K
divinylbenzen(DVB)® #
0.IN NaOH I THEAEILA tert-7T F N BT a— & i

WL, ZO0O%AFTVCREBMAKTT A YV ERIELI D
FTHHFL., MAKWGEETFT Y DL THAKLELOZHEHRL

* N.N-methylen-bis-acrylamide (MBAA) @ ¥
T F /) =PIl MBAAZEMREE. —HMEEANTH A
L. Tl L7227 RA7 4 VE —TAHiMHKEZGHL

7=,

2.2-azobis-isobutyronitrite(AIBN) o § %l

1]/]



&
w
fait

AF ) — )iz AIBN ZEMs®Y, —BRHEBEERNTHA
L. WHLEEREZI SIS A 74 NMVF —TAHABEEZEEGBKRL

7.

Triallylcyanurate(TAC)® Jif &

T —F NVIZ TAC 2% Mt . 01N NaOH @ THyli.
FUORBAKTHRFET o, MAFES MY U A THRKE.

BERME L 2.

(3) /2T NN-V A F LT
(DMP) ERIK KL F @ 78 #

A2 = B < Vi G/ AN | Vi S

1%

DMP £ / = — X #HlAk#ETHo2., BEAELEDHEREAIZY
My rsmMBREEOLEY THDEED., GFEOKREERAR
EF O ERNTERY, AFRETHER., 20X % /) = —
DAZBBEAOOESDTHD., MAMBET MY U A ZB
fAafMicEMEELEHERZRA VD FECID KRR F 2
Br., MEAEICLIZE» T DMP R F O E L Fig.2-10
hallis S I

(4) 4y # ik o 75 8

500ml =/ 7 5 XA af @Kk 250ml ICMAKMET FY v
A 90g AERILEMIERL, TDHR., INVEFIIAFLE
L E— ZA(CMC)2.5¢g B xITMzx ., BRI oz
L 7.
(5) &/~ — Ko H K

30ml 3% > T A P2 DMP & 1E T Al (AADVA BBMA)
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EHEOE N THRA., @R LE, £LER -8
DHEEILFTZI0EE . AMELOARA (I-~F ¥/ — 1, ¥
TFARCE LD VR I RLL) BN TSIl
L., Zo0o%E® /) v—i@eE L., EEBHWGATO 1 RERHR=EFE
A RABREIT 2,

(6) %W E A

HMBEAHEEZH 2 s500ml BT T T 5T Aapiz &
MMz 60CT, EEHFNAZHKX LA H 300rpm T 1
BE B L, £/ < —iIZH LT Iwt% ® AIBN M x T
SEBEHEMIE L, Z0F 30ml ZHBBECHTLE, 60C
FRLAVLEBHBL., 1 ~2EMEBICESRE2MER &I
DB MEBETEHELZAD  EHRAD Topm il b KO
BIE#EE (500-650rpm) Z @AW L%, RWE % 80C £ TH
L. ISEERRIZIT> 2,

(7)) L rDOEE - 7 #

o -3 AH (KR L s #8700) Z W T A5 L.
BiF D 300fEEDR K ZMTHAF LE, HEE. CMC X
REINRIZLS WO THEIIZ SOCTEBME. MEBELAE, ZoE
rEEHBE LA, ZILEMNFOHEAETATRABRETDOZ DI
TZITT 2PV BEIT L, TOBRFO SOFHD AF
J—=n, =& )=, TR THRSP LEREEE /
T—DREZIToEZ. BN EHEREF L 44pm B U 105um
NDHEBEBY A XDz ETKRKEKLZIL ML, KB 44~
105um DR 7 2 W EFEH & L TN v,
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Table3-1 Reagents for preparation of adsorbent

Reagent Grade Maker
N,N-dimethylacrylamide Ko
N,N-dimetyhaminopropylacrylamide Ko
N.N -dimetyhaminoethylacrylate Ko
N,N -buthylene-bis-methacrylamide Ko
Divinylbenzene Ki
Piperazine diacrylamide B
N.N —metylene-bis-acrylamide GR Ka
Triallycyanurate GR W
Allylamine EP w
Carboxymetyl cellulose sodiume %Y
salt
Chloroform EP W
2,2-azobis-isobutyronitrile GR W
Acryloyl chloride EP T
Phenothiazine EP T
l1-butanol GR N
1-hexanol GR N
Sodium sulfate anhydrous GR N
Acetone EP N
Methanol EP N
Ethanol EP N
Sodium hydroxide GR N

Abbrevialion

Grade , GR : Guaranteed Reagent , EP : Extra Pure

Maker , Ko : Kohjin , Ki : Kishida Chemical ,

: Bio-Rad Laboratories ,

W : Wako Purce Chemical , T : Tokyvo Kasei Kvogvo , N : Nacarai Tesque
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H
H,0=C.  CH,
C—N

“CH,

DMAA
N,N-dimethylacrylamide

nomg e T
2007 CeNen,
] H
0 2

DMAE

AW

DMP
N,N-dimethylaminopropylacrylamide

N,N-dimethylaminoethylacrylate

H H
H,C=C. ‘o=
2 C—N—C’C CH,
n H H,
AA

N-allylacrylamide

CH
7, 2
HC”

HCx
SCH,

DVB
Divinylbenzene

H H
H,0=C  ,—  C=CH,
C-N_ N—C.

o —~ 0
PDA

Piperazine diacrylamide

Fig.3-2

H Hy H, q PI
HZC:C\ /C\ /C\ /N—C\

C—N" 6T *C=CH,

BBMA

N,N-buthylene-bis-methacrylamide

H H,
H,C=C, ,C=CH,
Q—N—C—N—C
i OH H, H
MBAA
N,N-methylene-bis-acrylamide
H
H2C=C\C 0 C=CH,
H, W T H
NN
I
9
H,C
ﬁ———CH2
TAC

Triallycyanurate

Structures of monomers.
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DVE BBMA

Suspension polymerization
in 25wt% Na,SO, aq, including CMC

1-hexanol Diethylbenzen Chloroform
(0-200W1%) (20-100wt%) (10-100wt%)
AIBN AIBN AIBN

— '

DMP-AA particle
DMP-DVB particle
DMP-BBMA particle

Fig.3-3
Preparation of various cross-linked DMAPAA spherical

particles.
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CIRE

3T ARY (Y Yr) BFHFOBNE

LI
93

1WAl o %G

)
v

AR TR LPSOYEFEHELTHEY (e-) ) & &
LTW3d, KY (e-Y vr) BFTROME T LPS W5 A O#
Bl T@T2EEBEZLND, (DT EFEHEORAT S
JERY v —Tbhy, RKIRILDOARTHF 4 %0 W HEH
DORBUMPAGRTH D, (D)pKs DIEW (7. D E@EEHE O
ERBEMEINDE, )T I/ EBEOFRY~—THHAKHAMME
73>,%u\*&7b)ﬁ;lléféhé6°(4) Bth @ R U (ol ¥ )iz b
B LTEMTSH

A Y (e-U 2 >) (X Shima & Sakai®liz Kk » TE R I =
FHRZ2L- VYV ryroFxeERY~—THo "8 LE»L HHES
N AEY Streptomyvces albulus OAET A ABMEMNZ
KK EYDTH D,

RY (e-V P ) F Fig3-4iZF Lo, VY rme

DT I )EBIXTFIFEAZEERLTED ., 2O afl
OF I EMNEHELTWSE, BY (¢-V ) OEYHESE

Eixk L% 35-40 B E H 5,

— 5., oWV VP UiE, Ly s @ N B R F g KD
(NCA) #BAEHETCELBNE, TI /DO N BLVEF Y
BEAKHIZT., aMOT IV EEINAIFARXTEREIND
H . ZDOFETEHERY (e-) P )X AKTE 2V, Fig.3-5
RV (a-V U)o KREERLE, BRI (a-V T )ik,
NCAz2EGSIEBHIKoEESMEZEKRK., TAHI . TV, 7T
Nax v RREZBBAMVAIIETEAEIN RS ~HFO
LOBHFELHR D,

Iy
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Lysine

H / X HO
O n
N
-t 0
OH H,N
) -

NH, H
2 A
poly(g-lysine) H

polyv(a -lysine)

Fig.3-4 Structure of Poly-lysine
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}\1 0
Z/‘ v\/\ekon . G0 0-CClL orCOC,
NH, Y
(1 Y (2) Bis(tri—chIoromclhyl)carbonate

or Phosgene
g -Carbobenzyloxy-L-lysine

0
Z@'C—”—O—
i,

0

R N H 0
z OH Z/N\/\/\(/(
Ny —CI 0
H 1 N
o T

3 ©

€ —Carbobenzyl0x_v-L-lysine-N-carboxy Anhydride

0.0
iyo CH,ONa
N ——> o.-poly-lysine
R 11
3)
Fig.3-5 Synthesis of poly(a-lysine)
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EIE

AV (e Py, AEXA—HTHRFEINT WS DB,
FEFIZEMTHYRBIZERASTDIICE =2 PIEIARDY
BED, TERZMBIZBEBZTDHBY P 0Oef DfFEHE. NCA
DEK. EA. BREX HREEBEHETHD., —F. FY
(- VU )REMETCHEIN TR ZOMHBIETHRY
(a-Y o)t _TIWIZEZEMTHE., TDAH., LEX
g—nNTEHRAGERZIYI AT FELTERY (-0 P )n
2 A MICHRPTH 5.

V(= )0 H>—20ORf KA E LTI, pKo i AR
D (a-Y PV R_RTEWEN EF s 3. pK, 138 4%
DHMIERTRELEZODN, pK. A EBED & F N7
BoWHELML LD  LPSOBRNRBRELCREHEE 2D, K
VY Py TREMT AT I EOMBEBIZEKE L OBEAEKRY
T D pK e 974> afi 895D X DA o T W5,
o TeM DT 2 /7 HE2FS2KFY (a-U ¥ )ik, RY
(e-) 2 U)E 0 b pK, WE WV, Figl3-6 iRV Y D
P EROoOMUEFEEEHEERL L,

3.3.2 gAY (e V) WA Al o R

RU (e-) PUV)RAKBEHETHDIZED RERKITITE-T
REMOR FE2/LRIY Y P KBERY IAKEMED DK
i AN RAREHEAICLYBRBEERERLE ZIZRGH
ANz B FHEICE o THRKKRTF 2B,
(1) A E

A Y (=Y V)R BEAMOMBIZHEREZ
Table.2-3 IR L /2.
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Table.3-3 Reagents for preparation of adsorbents

Reagent Grade Maker
25% Poly(e-lysine) Chisso corp.
solution
Chloromethyloxirane EP Nacarai Tesque
Liquid Paraffin EP Nacarai Tesque
Hexane EP Nacarai Tesque
Sorbitan Monooleate NOF corp.

(NOFABLE SO-8518)
Methanol EP Nacarai Tesque

Ethanol EP Nacarai Tesque

EP:Extra Pure

(2) 2T ARY (e-V YUY F O ERHE

2000m 1 D RS T N7 FR2azsamEr LTS
74 %2 1000m]1 AR, RuEHEAEL T AES L E
Z L — b (% dh4% NOFABLE S0-851S) 2g #/mx . ¥ L T
AREXEL, BES s0Cic#HEH L., HY (=) Pv)2 5%
KEWE 50ml Z M2 WM E BRI T, ZTOH% B0CHEHREDL AR
oL, BMBETHRELEYG, EHREDN T0pn il
AL OB ME (300~500rpm) 2HFABMLAEAE. oo
AFAFTFTT 3 g MALTISEHHRRICR2T -1,

) AL FokEF - ok

SONERFIXAH (BT L 2 #8700) %# AW T A4 L.
B+ 0 300 fEH OB A EINWVTHRF LI, ER. T OB
¥FLFDOB0fFE DAY ) — N, =7 /) =N, TEMCFZ2HW
THEBpEToZ, HONEHMAF% 44um Z W 105 m D
MBYAS AOEEETKZR L HMHEL . FE 44~ 105

H4
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pm ORFERERELTHONL,

Poly( € -lvsine) NH

n=35
The droplet of EPL solution is
formed in liquid Paraffin

Chloromethyloxirane
(CMO)

One step polymerization

H H 9
——ﬁ— (CH,) ;(‘J—C—— H— (CH,) ;,-(E—C
NH NH,

Cross-linked PL bead

EPL is the abbreviation for poly(e-lysine)

Fig.3-6

Schematic illustration of cross-linked PL adsrobent.
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4 RY YT UETILS K F(PL-Cellulose) D i & ik

I

41 WE Al O ER G

[F9)

APFRETIZT., FY (e-V Pr) BEZEWRT 2L
b BRIREZ LMK Fic T bd 2 58&E T, LPS WaEA =W
My hiErRaz, BV ~xT, BEHKT
LHFERFONERT Y A4 X, WEALTIAZEZAMRFICERET
BEEORTHAL ADa sy be— 1O LEREYL, (O)KE L
Xz Br AT CTCHLBELLD., RI VP yrOEN&E
LR TT L, VALY FOBEABERIRIGHEORY U P
AR EELSEBZFTCHENRL T P - LTE D,
Fig3-7i RV VU EEARSHAEFOH#HBEGELHEZR
L7=.

3.4.2 o — & BRI R F

RIVIV Py 2BEEARTEIEDO LT — REKRKK FIT.
Fy vkttt REEREHBLELE Y 74 20 (I
TEALT A4 Y) ZPHVWE, BB T 7 A id s a~w b
774 —MoOHHEEMELTITENRHEBLTHLEHENRTWSD
tre 7 A4 0 EFEE., KBRS0 RY L FHik L.
EZHEORERW LELFHED2 FELH B,

AR, ZEEMtEtLr T —RE 1,2 Yrsaax ¥ LR
fELZ e KRB BEDR (PVA, REEHEASEF) B H X
¥ .12V 7oy o RERBRIETRFE2HE D% EH K
EEMB LAY, T2 THLOAEZBEEEAL T — R R 71T,
TNV KBE- A ) —NVRHRAEBEP T ibEhere
— AR FIEIELEND, ZTOFRTHEENDI LT — XK T
TR AL E A K < (2-4ml/g) AR X IEF @V H OB
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Bonsd., L2>LE TTOPHEBREBAS FH /I FRA
EANBRVWEAETCTIALS COHBRAS TR T 100 BRED
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Table3-4 Beads for preparation of adsorbent

Bead Matcrial Size Sq Miim Maker
(nm) (ml/g)

Cellufine GC13  Cellulose  45-103 2.3 <10° C
Cellufine GC700 Ccllulose 45-105 3.3 10* C
Cellufine CPC Cecllulose  33-123 13.0  >2x10° C
Sephadex G10 Dextran 55-165 2.3 <10’ APB
Scphadex G73 Dextran 59-285 16.6 10? APB
Sepharose CL6B  Agarosc 40-163 14.0 4x10° APB
Maker ; C.Chisso Corp. : APB : Amersham Pharmacia Biotcch

3.4.4 AU YT UETALR T %A O WK

RV P rEMFilBEELT LT, 2FF 86K
ftEzHEM LA, = A EMEERZ(HRY Y O & kT
DEAPETER 2HBT I OLFFASTH DDA, (DA
FRHENEZRIYV Yo7 I3 2#HT I I2RDB DD,
FOHBHBELEIELLLEVHEG)ZFRX UEMNHLIIZERT
HZuoogAFLtdFryoidsra~e bROEEME L TA
CHEHZATWEIEHOH 2HETHLL AR EDF &L L
THETFTLh S,
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AP EIZHAWNERAIEZ Table3-5 (2R L 7=,

Table3-5 Reagents for preparation of adsorbent

Reagent Grade Maker
25% Polv(e-lysine) solution Chisso corp.
Chloromethvloxirane EP Nacarai Tesque
Sodium hvdroxide EP Nacarai Tesque
Beads See Tabel.3-4

EP: Extra Pure

(2) BV U oo ENRSE

500m 1l DB NS T AT TR arao—RAKRF 10g i
ERHAREY D #iKk 128m 1 & 2 0% KM{FT MY T A
2im 1 M2 30CTHHELEL, LEZ 30CIZEb2NE Y
ERAFAFFT o 2Im]l EMAT2RMBEHRLE, &
bR F itk 2k TronrAFrdxs s
VENRLSRBRDZETAHBRGFENT T, Pl E T ARF B
ABWMERIZY T Y 7 L,

Kz RFUOTHIELFVOLEEZBEIE NS T LT 5 R
AN, 25 %KY (e-Y TUYKEBHREZ 2 2m 1Mz
L.BEZASCIZAB LT 2K IBIClEEZ T -,
FOH®%., EFE#MAKTAMEFL., DWVWTAFY ) — LT
LB AY ) — LD THRELE,

AWNE TSI TRRI{MEINZHFE2HEHLTWVS =,
FhUlbEonp@BEIMzrof, F-HREH 2 B
TAHEHEEE. 7ALIYRE, Jo A FAFRTURM
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Schematic illustration of immobilized PL-Cellulose

adsrobent.
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H.o | In PAA-10C
2 CH, MW=10.000
NH2 polyallylamine

PAA-DCI1
—PC C C—C~C C‘}‘ MW=50,000

" CH HC /CHZ

NH2 N allylamine-diallyamin
H co-polymer

Fig.3-8 Strucutre of polycationic polymer.
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Table4-1 Properties of cross-linked DMPadsorbents.

Adsorbent Molar ratio(mol %) *Amino-Group  °Sg
content
DMP AA  BBMA  DVB Meqg! Wet-mLDry-g"!
DMP/AA-3.6 50 50 0 0 3.6 2.7
DMP/AA-.1 60 40 O 0 4.1 4.0
DMP/AA4.5 70 30 0 0 4.5 43
DMP/AA-5.1 80 20 O 0 5.1 7.9
DMP/BMA-2.5 50 0 50 0 25 22
DMP/BMA-3.1 60 0 40 0 3.1 25
DMP/BMA-3.7 70 0 30 0 3.7 3.2
DMP/BMA4.0 80 0 20 0 4.0 3.8
DMP/DVB-3.2 50 0 0 50 3.2 2.5
DMP/DVB4.0 60 0 0 30 4.0 32
DMP/DVB-5.0 80 0 0 20 5.0 3.8

*Content of amino group in the adsorbent. "Degree of swelling in water.
4.1.2 B O BEK 1L

DMP/AA Hi + . DMP/BBA #i -+ & & L T DMP/DVB L -+ @ B /K
HEEBET 2D FE2 7 ACEBLESHT VLI — L
AEE (AFL, =F ), Tuovb i, 7FAL) ORFFRDH
FMELLE., ZOKE Figdl T4 X 212, K o8 KM
BDEWVWEET AL —LDODEREENIEWI ENXTFRIN
5, DMPIAZGIZEBWTIX., 7ara—ViRFHEOEIZ LD
BEHEHOLELN L2 WVOR L, DMP/DVB-36 &
DMP/BBMA-25 i F+ T3 7 A2 — LV REHEHIENT 21220
T. TOHEFHEHEHBPELSR--TWWE, ZThbOoRIX., H
T OBKEOH M. Hr TR OEE., LA HEHE 2 WIE
THIFILLTHAREBTHHHFEZHFL TS,

My

v
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S DMP/DVB-3.2 S/
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o—6
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Number of Carbon atoms of n—alcohol

Fig.4-1 Elution behaviors of 1- alcohol with various cross-linked DMP columns
(DMP/AA-3.6 , DMP/BBMA-2.5 | and DMP/DVB-3.2). A 5uL portion of 1-alcohol disolved

in wataer (2mg mL™") was injected to the column (L100- 4.6 mm 1.D.) at 0.5 mL min”’ and at
25 °C . The elution volume of |-alcohol is expressed as a percentade of the column volume.
Number of carbon atoms of 1-alcohol : 1 = methanol , 2 = ethanol , 3 = propanol . 4 = butanol.

Pore size and content of the cross-linking arent of the adsorbent : M/im 2X10° and 30 mol %.
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Fig.4-2 Effect of amino-group content of the adsorbent on adsorption of a cell product (LPS or
protein) by various cross-linked DMP adsorbents. The adsorption of a cell product was determined
by a batchwise methods with 0.2g of the wet adsorbent and 2mL of a cell product solution (100

pgmL™, pH7.0, ionic strength of p = 0.05).
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DMP/DVB adsorbents
Cytochrome C R=CO-NH-(CH,),-N(CH,),

polymerization structure of DVB

Heme

Cross-linked structure
Heme

Cytochrome C
Fig.4-3
The hypothetical model by which Cytochrome C adsorption of
DNMNP/DVB adsobent.
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Table4-2

Adsorption of various cell products by cross-linked DMP adsorbents
Cell Product p/ Adsorption )

DMP/AA4.1 DMP/BBMA-.0 DMP/DVB4.0

Pepsin <] 81 85 90
BSA 4.9 3 2 2
Insulin 53 S 4 3
Myoglobin 55 <] <] 22
v-globulin 6.8 2 3 2
Cytochrome C 10.6 <] <] 34
DNA 70 83 70
RNA 68 78 70
E.coli O111:B4 LPS 99 99 99
E.coliUKT-B LPS 98 99
S.typhosa0901 LPS 98 99 99

¢ The adsorption of cell product was determined by a batchwise method with 0.2

mL of wet adsorbent and 2mL of cell product solution

(100pg/mL,pH7.0 .1=0.05).
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Fig.4-4 Effect of 1onic strength on adsorption of LPS by various cross-linked DMP adsorbents.
The adsorption of LPS was determined by a batchwisc methods with 0.2g of the wet adsorbent and

2 mL of a LPS solution (1pg/mL. pH 7.0 , p = 0.05-4.0). Amino-group content of adsorbent :

4.0-4.1 meq/g .
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Fig.4-5 Effect of pH on adsorption of LPS by various cross-linked DMP adsorbents. The adsorption of
LPS was determined by a batchwise methods with 0.2g of the wet adsorbent and 2 mL of a LPS solution

(Ipg/mL, pH 4.0-10.0 . ;1= 0.03). Amino-group content of adsorbent: 4.0-4.1 meg/g.
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Table4-3 Characteristics of poly(e-lysine) bead

Name Molar ratio (mol%) Elemental analysis AEC
poly(e-lysine) CMO H(%) C(%) N(%) CN meq/g
Caled. Found
PL-90 90 10 8.9 50.7 18.7 2.7 27 33
PL-75 75 25 8.7 48.8 16.6 2.94 298 38
PL-50 50 50 79 47.1 12,5 3.78 3.89 1.3

EPL:poly(g-lysine) ,unit-mol%s of EPL in the adsorbent(1unit = (Lys-H;0)),degree of polvmerization=35)

AEC : Anion-exchange capacity of the adsorbent.
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Tabled-4 Characteristics of PL adsorbents

Name AEC -NH, pKa,app Sq Miim
meq/dry-g meg/ml mM/g ml/g

PL-90 33 0.34 34 7.4 15.3 8.000

PL-75 3.8 0.63 23 6.7 6.0 1,800

PL-30 1.3 0.29 0.4 6.1 4.5 1,700
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Fig.4-6 Relationship between the amino-group content of cationic
polymer particles (PL/CMO and PMLG-NH;) and their apparent pKa
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Fig.4-7 Relationship between the poly(e-lysine) molar ratio of
cationic polymer particles (PL/CMQO) and their degree of swelling in
water.
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Fig.4-8 Effect of molar ratio of poly(e-lysine) in adsorbents on adsorption of LPS.
The adsorption of LPS was detrmined by batchiwise methods with 0.2 ml of wet

-adsorbent and 2ml of a LPS (E.coli 0111:B4) solution (pH7.0, pn = 0.05)
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Fig.4-9 Effect of molar ratio of poly(e-lysinc) in adsorbents on adsorption of proteins.

The adsorption of protein was determined by batchiwise methods with 0.2 ml of wet

78



adsorbent and 2ml of a protein(500pg/ml) solution (p117.0,
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Fig.4-10

LPS by PL-70 and PMLG-NH; adsorbents. The adsorption of LPS was
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Effects of ionic strength (a) and pH (b) the buffer on adsorption of

determined by a barchwise method with 0.2 mL of wet adsorbent and 2 mL of

an LPS solution | LPS ( E.coli O111:B4),5 pg/mL].
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Fig.4-11 Effects of ionic strength on the adsorption of BSA (a) and y-globulin
(b) by PL-70 and PMLG-NH; adsorbents. The adsorption of a protein was
determined by a batchwise methods with 0.2 mL of wet adsorbent and 2 mL of a

protein solution ( protein : S00pug/ml, pH7.0 ).
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Fig.4-9 Effects of adsorbent amino-group content and pore size on adsorption of cell products by (a)

PL/CMO and (b) PLMG-NH; adsorbent. The adsorption of cell product ( LPS ( E.coli. O111:B4) or

BSA) was determined by a batchwise method with 0.2 g wet adsorbent and 2 mL sample splution

( 100 pg/mL , pH7.0 . 1= 0.03). Adsorbent pore size (My;, . expressd as polysaccharide molecular

mass ) was calculated by means of SEC calibration curves obtained from aqueous solutions.
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Fig.4-10 Effect of adsorbent pKa,app on the adsorption of LPS or BSA . The

result was derived form adsorption of LPS or BSA by a variety of adsorbents with My,

form 1500 to 2000 (from Figure 4-6.).
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Fig.5-2 Effects of amino group-content of the adsorbents on adsorption of cell products
(LPS ;(a) or protein;(b)) by various poly(e-lysine) immobilized adsorbents. The adsorption of a
cell product was determined by a batchwise method with 0.2g-wet of the wet adsorbent and 2mL of a cell product

solution (100 ugmL'l, 17.0.ionic strength of u=0.03).
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Fig.5-3

Effects of poar size and pKa,app of the adsorbents on adsorption of a cell products (LPS or
protein) by various poly(e-lysine) immobilized adsorbents. The adsorption of a cell product was determined
by a batchwise methods with 0.2g-wet of the wet adsorbent and 2mL of a cell product solution (100

pegmL " pH7.0,ionic strength of 1=0.03).
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Fig.5-4 Effect of ionic strength on adsorption of LPS by various adsorbents. The
adsorption of LPS was determined using a batchwise method with 0 2 g of the wet adsorbent and 2

ml of a LPS solution (1 pg mi™", pH 7.0, . = 0.05 - 1.0). Cellufine-GC15 particles: Matrix before

introduction of poly(e - lysine).
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Fig.5-5 Effect of pH on adsorption of LPS by various adsorbents. The adsorption of
LPS was determined using a batchwise method with 0.2 g of the wet adsorbent and 2 ml of a LPS

solution (1 pg ml™*, pH 4.0 - 9.0, u= 0.05).
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Fig.5-6 Effects of the buffer’s ionic strength and the adsorbent’s pore size (My,) on adsorption of
BSA (a) and y-globulin (b) by various adsorbents. The adsorption of protein was determined using a

batchwise method with 0.2 g of the wet adsorbent and 2 ml of a protein solution (500 pg ml”, pH 7.0, p = 0.05).
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Fig.6-1 Effect of ionic strength on removal of LPS from a
BSA solution (BSA :500ug/mL , LPS(E.ceoli O111:B4) :100
ng/mL , pH7.0) by various adsorbents. The rcmoval of LPS was
determined by a batchwise method with 0.2 mL of the wet adsorbent

and 2 mL of a sample solution.
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Fig.6-2 Effects of buffer ionic strength on the selective
adsorption, by a variety of adsorbents, of LPS from a BSA
solution containing LPS. The selective adsorption of LPS was
determined by a batchwise method with 0.2 g wet adsorbent and 2

mL sample solution (BSA 300 pg mL"' ; LPS(E.coli O111:B4) 100ng

mL™"' pH7.0 ; ionic strength,p.=0.053-0.8).
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Fig.6-3 Effect of buffer pH on the selective adsorption of
LPS from BSA solution containing PLS by (a) PL/CMO =
75/25 and (b) PMLG-NH, adsorbents. The selective adsorption

of LPS was determind by a batchwise method with 0.2 g wet
adsorbent and 2mL sample solution (BSA 300 pg mL"' ;LPS(E.Coli

O111:B4)100 ng mL™';pH4.0-9.0; ionic strength,p,=0.05).
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Fig.6-5 FEffects of buffer ioenic strength on selective
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adsorbents, of LPS from a BSA solution containing LPS. The

selective adsorption of LPS was determined by a batchwise method

with 0.2 g wet adsorbent and 2 mL sample solution (BSA 300pg mL'l;

LPS(E.coli Oll]:B4)100ngmL";pH7.0; tonic strength, n.=0.05-1.0).
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Table6-3 (% PL-cellulose-10>. PL-cellulose -10%{Z -2 W T 1l

o s N7 EHRELTWWDZZ P MR BRRERE
EHELELELOTH D,

Img/mL ® % » /N7 A& 2mL (pH7.0) 12 0.3mL @ g 4
BF2HEMT ANy FETOLEAEO Y X7 HEIE,
LPS BERZMAELSL. Figé-4a THLEDIZR~EHEH
DA mETHHMLZ,

PL-cellulose-10° {3, 4 A VB E =005 I B WV T H & » X
JEORIIRBRIET 99%TH O . FFLF X NT7THAIRE
LaWwgEpRbhrofk, L2L. LPSODEHFEIX BSADHFA
45pg/ml H VBB EDEIBVWRERTH » 12,

PL-cellulose-10%i% ., 4 A VM E p=0401C kW T % N7
B 97%LL Lo ML TH > 72, LPS OEAF WITE£ETDZ
PN T 10pg/ml LT &b FEFHICHDENRL LPS %
BREFTHZIEDARTH o 72,
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6.2.4 B8 WMHH OB L EEEE. FEETEHRDLK

Table6-4 (3. FWMERORT VA4 X, 7 ) KEFE,
g EAER. MBEEZIZI 2 VWTHELTELDREDLOT
HBH, WEFTIZHR L CEELIEISIERZDSFFF VU
WMHFEEIZONWT, Ny FiE (44 8EP=005, pH7.0) IZ
I AWM HEERBONEL Scatchard plots (& & 5 fif B & #
DEHE2IT-7m, WHEFERZHET S L. 7 I /7{ PMLG
>HFEY Y ki F >PL-cellulose-10>
DMP > PL-cellulose-10* > polymyxim-sepharose >
PL-cellulose-10® ¢ WHIMEFE L 2 Y PMLGR AR Y U P o
IR T7TIVERFIBEVWVREREEZ R LEL, BWAAFRL
RT7HYAX, 73/ AEHAEICHMBERZMBAHMAERITRDER
WHR . RURINTHDIRIV Y CUEERRENLNT 7 AT,
BT7H A XPRKEL RBICoNTHFRERLNWT B HH
NR RN,

fig Bt %% 13X . DMP $L F (DVB.,BBMA). PL-cellulose-10",
PL-cellulose -10°, 2 £ Wil 2 &k L T W 5 | fig B & & A E W
T Y. EMEICHFET D LPS *MAFARRTH D, LPS
ODBREOEDIZIEMTHZ, AR THBHLELRAE IV
Fht 10 UEDfiTHY HERORY I F—F7
72— X2 T 1026 100 FEWVWELELR->TEY ., LPS
OBEMHEIGVWE S X D,

/
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Table 6-4 LPS adsorption capacity and apparent

dissociation constant between adsorbent and LPS

Adsorption

Pore size Amino-group capacity of
Kd,app of LFS *
Name of matrix Content ® LPS ©
NMlim * Meq g g g mL' Y
adsorbent
DMP/AA-4.1 2%x10° 4.1 360 2.7%x 1071
DMP/BBMA-4.0 2x10° 4.0 380 7.2%x 10"
DMP/DVEB-4.0 2x10° 1.0 390 4,310
PL-90 8§x10° 5.3 1800 2.6X10°"°
PL-75 2%x10° 4.0 1000 3.7x10°"°
PL-cellulose-10° 2%10° 0.6 185 3.8x10°'°
PL-cellulose-10" 1x10* 1.4 280 s.3x 10
PL-ccllulose-10° >2X10° 0.6 180 .1 xt10!
PMLG-NI2 2x10° 2.2 2700 1.ox10°"'"
Polymyxin >2X10° 0.2 250 s.0x10°°

-sepharose

*Valuc deduced as a molecular weight of polvsaccharide.

*Content of amino groups in the adsorbent.

‘The LPS adsorption capacity per mL adsorbent and the apparent
dissociation constant (Kd,app) of LPS to adsorbent were estimatcd by
adsorption isothcrm.The adsorption isotherm was determined by a
batchwise method with 0.1 mL wet adsorbent and 4 mL sample
solution ( LPS from E.Co/i O1]11:B4(Mw leOG),]-lOS pg mL-1, pH
7.0, p=0.03). Kd,app is expressed in mol L"'(M) of molecular weight
of LPS.
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6 ZAIEWZ LD BSA ZFERLTWVWBH RN EXFT D
& %=

LEAZHMB UL LPS ORBRBREO LB EMH G E L
LT, s~ b 70 —E\DRNEHNINBD ESE L
bisd., FoMMBAELELTEH, BESHTEIBERERFEL LT
h o7 rr7u<bELEZHALTIBY, E&EREDALA 7 T R b
I Fxr—DBEHINLTWDEIAE, I 7 L20FEBEBKHF T
KhbFor7 ) - T, BRI LEETY T
ODRNBPIAERTHIARERET NS, £, BMLE®D
BHE~NIERAT2HE LT LENERARIASZ O LE BN
VAR

Ubto&dnrb s I AEICLD LPS OBIRMBEEDKEIZ
TEMIERPER~DOEAOLD0OEEN T — %% 5 2
5D TH D, KWFZE T, LPS OB ENHEL VEMESF -
N7 HE (BSA) b LPS #EIREREIZCODWTHE L &,
BT ABEFERWMELAZEDICT 2. ABKBE TR
BSA ¢ LT 7AT7 Iy, 4mERM (NXMELEH) 2HW
7=, Z® BSA ® Img/ml Biko o K F#*‘/‘/@?ﬁ?&—‘i‘&i

# 100EU/m | ThHh o7, B BAETIX LPS DH I % EH&E D
bty FbrForora=y b (EU) ZEZTKRBHLE, O
MHRHIETI, A FIFFryrofEEeEERT—ETREVA

CEBM(BAERE) 2B TR EUXAVWLEA TW S &R
Z2Fbhd, ANMMETR., AHEREOE-ZDLDOTITRICER
ENHIWBEROBMEEZTEIRLEL LTWEDOT, = F FF Y
COBELVRATESHAEBEARTHRE TWwW23b 0.25EU/
ml ®BEELL,

LFIERTH T 2EORIFEIE Table6-5 12 L 72 & 412 %
— L TIT » 7=,
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Tabel6-5 The chromatography conditions for

natural LPS removal from BSA solution.

Item Vialue

Column size ID 1.1cm-Llem (= I ml)

Flow rate 0.17ml/min (= 10cm/h / SV10)
Fraction size 3ml/tube

Buffer 0.05M Na,HPO4-NaH,PO,.pH7.0
Sample BSA Img/ml / endotoxin 100EU/ml

SV; space velocity

Ionic strength was adjusted by NaCl.
631 KD (¢-Y2r) WELENY2 — R TF
(1) PL-Cellulose-10°

Fig.6-6 I PL-Cellulose-10> ® BSA B M6 DiFER=x o K
FEXFVUCDOBRBREIZOWTHELEAEREZ L, BSA
XA 4 BEP=005 & nu=021 TELRZRLLIBEHFELRZY, --F
Ty R FFIoF Mo A ryrRETHL BIETH D
0.25EU/m 1 # K T&E v, 7 LPS T A 4 > 3 Epn=0.21
DEHFEOHEFPBTRELAAAFIELL 22, BHAIZS>WVWTF
AT H D, ZOBEN T AKRE L S5 0MOBERIKET
2-3EU/m 1 & F bF o U BIETHO . B EFORE
100EU/m | & ~<"T., 1/30~1/50 {Z{&B L/~., L>»L. M
BEHNICEHTRAEZZD Y FFEF LA TH B 0.25EU/ml
FTOMBEBIT R TE Lo,




Fig.6-6 Selection removal by the chromatography

PL-Cellulose-10°

BSA.
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(2) PL-Cellulose-10°

Fig.6-7 IZ PL-Cellulose-10°® BSA B E» b D{HHE < F
FEFEVUDOBRBEICOWVWTHAELEFERZ AL L., (A)F
A A BEP =006 OB ETHDIN, # 7 LEMD3 0H
T TIEEAL2IIC BSA & LPS BB LT WD, £TDOHE BSA K

L EABEBEZIZIE I00%EHRLTWD, —Fxz K MFV
AT LA OEDSIRINEBEVETDOED T LB

1530 TCEMAEMICILAL T EU/ml BZHMLTWD,
COEM X BSABNWES A Ficfafnd 5 E THEL T LPS
OWMEXYPGTI2HITIERE_INDZbDEEFT LIRS,
(BYid A4 A Eu=021 o0& % L7, BSA Z(A)TIL
f\fi\/‘fﬁﬂjﬁifﬁ#"olﬁﬂqbfj’o‘b\ A A R E DO HRIZ
LIV BSADWBFELEVWRELZRZR> TWLIEIND2DL, —F
LPSIHIEFELEBVWVLVRATHREINTWVWAE Z EDBRINI,
S LK 150 2 TH > TH 0.07EU/ml TH Y . & MWIFE K
@D 100EU/ml 2T 1/1400 fFiCFTEBTCEREZ, T OA
FUHmEOEAIIE BSANIFERETT . FALAOBREY A
Fﬁ7U—c&oTwéows@:®ﬁ§®4ﬁyﬁﬁf
XYV H L FTHBHBAEY (- V) ~WFamaizd., ¥k
WL EIS BEITERETHLI EEZLN D,

(CYiT A A i Eu=046 OH G2 L7z, BSA T (B)DH
IV EFEICHRFELRZWHAR REINAL, —Fz F M*
R AT AR L OMFUBELI S O0fFETIELE AL
04EU/ml D LV R )L ThHhot, T DOA A4 5EEDOHEEIT BSA
DL FELRZWH, LPS b BFLEVW D EE bR, L
LEMBBEO 1/1250fFF T FIFF o2l BTER
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Tt 6 # - 0.3 =
= i
< O L 0.2 =
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= 0.2 - L 0.1 5
0.0 - 7 T 0
0 50 100 1340
Elution volume [ve/vt]
(B)
- 0.6
1.0 - L
1 F 0.3
L4 0.8 - d o
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= . E
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st ] @ =021 F03 =
= 04 L, E
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= 02 S R
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U] 50 100 130
Elution volume [velvt]
- 0.6 (C)
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A 0]
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? o i 'E- 0.4 §
= 0.3 T
E 1 S
< 04 1 Loz £
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0.0 -O———r— — 4 0
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Fig.6-7 Selection removal by the chromatography on the

PL-Cellulose-10° of natural LPS which is contaminating

BSA.
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6.3.2 4K Y I F @ E LK F
(1) Affi-prep PolymyxinB

Fig.6-8 ¥ & V * v v B I8 T 1 B F+ ( Affi-prep
PolymyxinB B AR N A 4T v FiH®) O BSABKRZHRL
TWARZT Yy REFEF L UVOBRBEIZOWVWTHAELEZHE R 2
N R A

(AT A A 3R Eu=0.06 OB E. (BYlXA A & p=0.21
B AEELTWVWD, MHFOA A HETITEALR LM
MARGR., BSA FTIFEAETFE LR, LPS FWF O A
A UME T 40~SOEU/mI BN i &Ll T 1/2
~125f0xy R bF o UoBRELE R,

/4

(2) Detoxi-gel

Fig6-9 3R Y I v BEERT HFa—X (F FF v
FLu o ET7RER)ZOVWTRBRIZEHELEMNBEZFRL L,
BLBfdo7Ars IRV KLY, T XV ALIER
mICAH IR TVWAIRYVFVFEHBLIRE L TE (F
E—EHICFTI1I%NTFTAF o —LETFTFITAEHWVDS) I
TE > TIT » 7=,

A4 A4 v 5 E u=006 O H AHF K L T W D, Affi-prep
PolymyxinB &g & A YR UM@E AR SN 5 H LPS OERK
ERXHEFIWVWEMEZRLELPS IR L% 40EU/m 1 O &N
NERENE-, HiKERLT 1250 FMx g
E Lo,
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A
100 (A)
1.0 4 — PN —e

® .. s0 O
0.8 - 0.01M NPB,pH7.0 e
= ‘ =0.06 =
?':L 0.6 - - 60 =
z | £
= 04 40 2
< =
Z E
2 0.2 A 20 =
| =
o S 7 . 0
(0 50 100 150
Elution volume [ve/vt]
100 (B)
1.0 -+ PN ®
® - g0 O
0.8 S E
= T 60 =
£ 0.6 =]
3 | O MO =
= 0.4 - - 0z
< 0.01M NPB,pH7.0+0.15M £
2 5, | NaCl 20 E
E l_l‘=_".21
0.0 -+ T - 7 r—T 0
0 50 100 150
Elution volume [ve/vt]
Fig.6-8 Selection removal by the chromatography on the
Affi-prep PolymyxinB of natural LPS which is

contaminating BSA,
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Fig.6-9 Selection removal by the chromatography on
the Detoxi-Gel of natural LPS which is contaminating
BSA.
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6.4 % 6 E DRI

A ETHE LB G R A ma@ﬁm@w%muomray
RIBEE»HO LPS RIRBFEORBRAODIL DWW THERFM %
17T - 1=,

1) W ILPSHEMR /Ny FETORNME

« DMP Z B F (M};n2,000) X BSA Z (& A A4 > 3R BE D & | 35
L2 W, LPSOW T ITIA A ryr#BEpu=02206 KT LE, Z
DIKETFTOEAWIZTRIGHRI OB KEDEWIT N DR,

CBEERY U D R T Min2.000 DA 1X BSA ZE A A
VIR EMNLWMFE LR WD LPS A A iR Ep=02 BLETK
ERMPXETULE .M in8000 DB BT A A WEN=04 LT T
BSAZWaELAEN.LPSITA A MEW=0.6 % T 90%i W%
FEFALE,

R Y YD UEEILEL T — XX Min2,000 DG BSA &
KA A BEP»PEBFLEY, A4 B EN=08 TH
LPS X 60%LL LW #F L2 Mim22X10° TlE A A4 5 Ep=0.2
UL TFTBSAZWMHFTHN A i En=08TH LPS I 80%
D W FFEAR S T,

CRY A FA L RY e —HEREAL T — R T, Mjm22X10°
T LEES pKaapp OEFIBHWIFE E . @A & 5 E K
TOMREIBEINT,

2) HZFEX NIV BWRIENDLDODRK LPS L/ Ny FEIZ
2B/ R

g

s DMP RIFZ p/7 U L& o5y Eh o LPS BIREEGE

o
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NERLTWVWEN, RBEHNS DVBOE AT ~LFZ NI HD
BA ILPSEHBHOKE T EY o A7 HEMNEROKETNRGN T,

BRI Y R FIE pIT YLD F RN b D LPS
BB EEPENLRTWS, L2LT I /74 PMLG KL F1IZ 1L
ML TKEREODHDR IV ERTH - 72,

-PL-Cellulofie-10% (X Jm \W @i @ p/d4.9~10.6 £ TH¥ "7 H
26 10pg/ml UL TFETLPS #EB TEHMLENLEREZ
& L#, —J . PL-Cellulofie-10° (X p/ B @& W & ¥/~ 7 [
¥ LPS ODE B2 THE TH o722 . 10pg/ml LL FITEK T & 2
o T,

o
&
=

3) BSAIWEAL TWB XKL LPS D 7 Lkl &
xR R

« PL-Cellulofie-10° {4 A4 > M A pu=0.06 & (K< TH BSA
AW HE LAWY, LPS X BEED 0.25EU/ml % K T& R H»

2 1o,

« PL-Cellulofie-10° 1 4 4 » 3 E B u=0.21 O HFH . BSA D
WEMNIFZTEIME I, 7 LEME 10F2L01EF48 100%0 [0
AR o7, LPSIIHZ7 L ETE 150F F T 0.1EU/ml LT
THHBIED O025EU/ml ##ERK L7, 150 £ TT BSA D
Bl E 93%TH DN, BIZBSAKFEREZ 74— FT 234 H»7
lETdH oD DT, l:lllSl'fii%%U,l:‘b-I"“'”%é

AY I F o MERESEAME>2@BRLEZD b BSA

DWHFEIZDWVWTEHIFEAERELARZWVWHERTHL 2. LPS
DB EIXSOEU/MIBE S Y BHE D 0.25EU/mI I i 72\,
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TEE, NAXTF 7 /70 —0REBEIZHV, EELHITE W
THLy o RV (MEZ2Fy "8 MKEE, FLrE s,
g F ) WAHAIMEZThWE, 2oL REELHOHE
e L TR, BBFE. M, EETFTILELRENP LT L
nNs, ThbooHiTix, tRkIFFIIHFLDL2HELTH D F »
NRI7ZBEZEHERHICABWTEDIHFEELT., WV IEFN 2R
Fios+ 566K (£ 70— AHK) ok e LT
EWICHAHTH B, —FH., MBEHA R L AME» L O KRR
BWVWELHEITILATWEN, BREEOMEBRS LM TE T,
ITho®, ik L TRHETDIHELDHD, EE. 7
NTIvEUBEBFHABZIRED TCRHRELTAT I A
T AN REMBEIRBESHICEIIED N T WD,
IR0 Vbwd AL FEFEIZ, AWk EOREY
TovERanhsid, VALA, BB, = F Xy on
CORAPEESEIRUEHETIBERIINRLZRET 52 HD
MBER> TN, EELHOGBERZ2HELSDIEBZEHEFNIT L
nTWwW3,

Ty RFbF R I772EEFOAHABICHFRE LILS RE
Pl fiiLTnwsd, = FFIUPUODPEEICEALAERS
Nt ad., BB, vayv 7 ERB ERINHFELR
W, FOEHZT LR FFUOEBBIRBICKET D W AN AIZ
ERERICLETHDIN, EKEREEINTELLE XRF T
RFEY IFUMEAAREBFERIIEBREL RS A, W1 A
MENESTEMFENCEMIOARZRVWLEDOTH >, F
FE,ERAFOUOBEELREFIIRES P IS N,

AFE TR, UlLhoFRroTEMNMEMICHZ 5= K
PR O EROMBEBEMELT, WHEAORIH . &
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MEF L NI BOREFFNIT, BA A REOCEHEEITF
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AT A XTOXBEIATREFEINDEIFH S ED Fig.5-4
LREINTWVWE, ZO0OL3%2WEFEFHOEEZEKXNKMBIZ
Fig7-1ic&# Lz, EHLTWAHREIFTF L R EERTE. ¥
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YER GO, T EROVELLIICEZRERY DD,
FOREOH. AT HRELRBWERHFT E‘fJ.L\EA"%KBﬂE)
—HF LPS X, #FrEN 100000 BEFEOMBEEDEIES L
THFELTWVWS, FUor "B THFICOHBRIZESRIK
A EZbND, FOLH, WHEAEZTEBIZIT TH > T,
EERNEREDLDDIZ ETCUWENTETH D, £7 LPS T H
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Protein has the native structure
and the native molecularweight
which consisted of a @ -helix and

a B -sheet

On the surface, the electrostatic
interaction of adsorbentand

Protein is diffused in a large pore. protein is very weak.

The electostatic interaction has been
produced by muli-points.

protein

Protein is notdiffused in a
small pae.

On the surface.it is able for
endotoxin to change stucture
flexibly and b carry out an
interaction by multpoints.

Endotoxin
The interacton of the endotoxin MW=2 % 10¢
of the size whichmay be diffused
in the hole of adsorbentis carried
out by mult-points.

Endotoxin

MW =22 X 108 . :
The aggregate of endotoxin

is not diffused in a

_ NS small pae.
Large pore+ | > Small pore
Mlim 2 X 106 Mlim 1 X 103

Fig.7-1 Adsorption behavior of protein and endotoxin
by PL-Cellulose adsorbent with small and large pore-size.
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pKaapp @MLK B3 & BAA VHMETLHBEDEOR S
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NT 2 FOYH L FORFRIBHALT L RETH »TH
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BREmAF L BER~L T FTE55DTH S,

DY R BEHEWN» L O LPS RIRER E

A TcHB LA xORFAIZONT, For X7 HE
WH»oH o LPS @R EWwREFFM L 72,

Fig.7-21Z., B6ETHL»PIZENENy FEIZX B4
Oy RFrFvrorEFHO, o X760 F FF
VUBRBEOFBIZOWVWTIT EDELDODTH B,

KA A HBETORBRBREDT M, PR LVEEE S 25,
MiimMBRKEWEZF R E LPSOBmMIE2WET S, £t
pKa @0 EiE., 2o "B ELPTHIPRNG SN
D,

*mAA CBETORRKBREIZ, pKa., D5 WITEHEKEOE
AVPEEBES X, IO EWEIRREITE O,
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100%

- LPS
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—— large.strong
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[ 3
A ]
-
.
-

. M,,, Hydrophobicity
M., pKa.app

small,weak®., small.weak

LTI Protein(BSA) i

0[] jonic strength > 1

Fig.7-2 The factor which influences selection removal
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o HD adsorption>

of LPS from protein solution,
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HIEO Y v N7 BR2FERLTVWDTY R EF 0Ny
FIIBEICEBBEEIZOWVWTE LD D,

s F U N7 BORBEICED LT 10peg/ml LT ¥ TIZT LPS Z kR
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sz OO ER T, Bl pI B THEDE RN ITEADD
X 10pg/ml H B WX ZERICE WL D LPS BENTERTDH o
7o .

s~ NYS5T 4 —2kB, FUyRNIEEHERLTND
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