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BIKER. s JOURNAL 2,233-245 (1959)

Studies on Adsorption of Human Serum
Components by Bentonite

SHINYA INAi, SusuMu 1<1sHiMOTo, FUMi0 111RAo,
TADAO YAMADA AND HISAO TAKAHASHi

SUNl\, IARY

Lysozymc can be almost completely removed from hum I
belTtonite. Flirthcrmore addiiioii of bentonite to the
activity. This runy be due 10 the fact 111at IJro eidin 11
icntonite. This was confirmed by the observation that Toic d' Id b
properdin-bentonite coinj, ICx by the niethod employed by Fillermer (1956 s ra r -
perdiiT from a I, roperdin-zymosan complex.

A surtini deficient in I, roperdin (RP) could rcadily be lire Jared will ben ni e irr s e -
ti\'e o1 inc temperature during the adsorj)lion I, roccdurcs. S' h . ' I
coinplcx however, did not innctivatc C'3 even at 37'C, a s d fi ' ,n
1101 lireparcd by bentoiiite. The reduction in coin liement-and C'3 . ' ' -
11ai, d will, bentoiiitc) was niucll i'ss IhaiT that in RP (Z) reiared willI z inOS n .

All amount of bentonite SIIrscient to adsorb I)To ,CTdiit ' d' I
antibodies to \. anous by'lies of TCLl cells or to EtherI'chill Gol', I' I '
specific antibodies.

T/Ie Third Department of Internal Med^^me, Qinkn
Unt"erri!I, Meatcu! School, Oraka

(rigceit^e, ! for publication, December 14, 1959)

INTRODUCTION

Recently, several coinponcnts or human serum concerned .'th . I
mechanisms have been thoroughly studied and the derens h
in the host have gi'adually been clarified. PIO ci'din, \\. hich '
factor in the sei. urn, ITas been studied by Pillcmei. and his - k .
,/ n/. 1954,1956ab, 1957; \\'ardla\^ ,/ d/.. 1956) it is pen nil
third component or complement is in activated b a To .d' - . ..
at 37'C, and that IJroperdin, \\. ith the aid or coin I , ,
bactei'ICidal activity against some gram ne, ,ajivc bacilli.

The similarity of pi. opei. din to noi. mai antibodies \\, as Ih ,, hl d' ,
Skarnes and \.\!atson (1957). TheI. efoi. e, the differences bet\\. e I' th v I r
have aiT interesting problem in jinmunobacteriolo!, y. Inai ,/ d!. <1958 I' r d
that sei'urn Iysozyme was adsorbed by zymosan, and the sei. I
was cluted 11.0m the Iysozymc-zymosaiT complex b acidified , I' h d b' I or'
properties SImilai' to egg \\. hite Iysozyme. In this Ja, ei' are I' d '
results concerning the adsoi. ption of serum coin orients ont b h
been used as an adsoi. bent for. Iysozyme.
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A, IATERIALS AND \. TETHODS

I. Human sei"111 .. ..

Blood was drawn F1'0m itealtliy humant donors and was ccn ri g ,
minutes. The separated setuiii was reltigerated.
2. Benton, te r . "
Bentonite (\\'ako PUTC Chemicals Co. ) was not treated i. e. ore LISc
Analysis of bunton:te (Osaka City IndusttIal Laboratory )

Loss in qtiantity
by incand. escencc

INAl, KISHl}.{OTO, HIRAO,

1729 %
57.76 it

SIO.
11.07 if

A1.0,
3.98 93Fe, OI
4.72 %CaO
2.63 71XigO

3. Zj, moran , . - b d' estedZ in OSan is the insoluble carbohydrate from F1eishmai\ s yeast ce s I .a a '
with trypsiit and extracted with water and alcohol accor ing 10 . e I _
Pinemer. An appropriate amount of zymosaiT was hoi c in I
uical saline for. I hour just before use ~6

RF and R3 w, re preparerI according to the o1. iginal met o o I

+. RP ,.- b t
5 ing of zymosan was addecl to each 1.0 in I o1 humai\ scrunl att I .

17'C for 60 minutes willI occasional mixing, it was centri uge a T
The supernatant defici, nt in 11roperdiit was calicd RP.
5. R3 was in-
5 ing of zymosan \\, as added to eacjT 1.0 inI of human Serum- o0 -

cubated at 37'C for 60 minutes with occasional mixing, an le a
for 15 minutes. The supernatant deficient in C 3 was ca e

17'C for

Y\;\IAD. \ AND TAKAHASHl

6. RF (B) t, , s r I "b tcd at5 ing of bentoniie was added to each 1.0 inI of humait serum,60 minutes and centrifuged. The stipernatant was tiesignatccl ( ') .
7. Qi, "it titnti, e of rigi'nilnat, on of lilyoz), nie act, ,till Sinolelis and }Tartsell's niethodLysozymc activity was estimated by a inoathcatioiT o

described previously. (inni at ill. 1958).

8. SenJinged $fig, IF CPI!$ , I. c. in od cells
Sheep blood was storecl with an equal voltimc of A sever S. ' ' . A '

were then washed twicc with physiological saline and once wit \ ei rv
cent suspensioi} of washccl cells was added to an equal vo. ,nie o ,
5 units of hemolysin, and the mixture was incubated at 7 or
tion

Sensitized sheep cells were freshly prcpared dally
9. Acidijied ,"!1712 ,
Physiological salinc was adjusted to ItI 3.0 with I x acetic a
10. Di!"ent$ I
1/15 xi. pH 6.2 phosphate I, URU \,., as used for the quanti, .tive

""' lie ,H 7\ ,,,,, al buffer described by pinemer at a1. (1956a) was used for- the
hcmolytic system

15

RESULTS

I. AdJoi/lion qf fell!111 bune)"He by bell!o1/11e
1.0 inI aliquots or human serum \\, ere Incubate at o ' ,
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5Ing of zymosan or bentonite and then centrifuged for. 15 inIuutes at 3000 rpm.
The Iysozyme activity of the super natants was measured. As shown in Table I
the Iysozyme activity of RF(B) deci. eased more markedIy than that of RP(Z) as
compared with that of original serum. Therefore, Iysozyme in the sei. urn \\. as
almost completely adsorbed by bentonite in comparison with zymosan. However,
serum Iysozyme could nor be eluted from the bcntonite-Iysozyme complex by
acidified saline.

Table I

Dilution

Removal of human serum Iysozyme by adsorption onto bonloni*e

2. 110f. ,o1/1/10!I o1' polleidii! by bentoi!11,

A) 2.0 in I samplcs of humai\ sci. urn with 20 ing or zymosan o1. bentonite \\. ere
ccntiifuqcd 101' 15 minutes at 3000 ipm after incubatioiT at 17'C for' 60 minutes
with occasional mixing. Super natants \\, ere separated, and 10 ing or zymosan was
added to 1.0 ing of thc o1'iginal serum and these super natents. Then thcse samples
wei'c inculiatcd at 37'C foi' 60 minatcs and ccntrifuged 101 15 millutes at 3000
I. pm. A 1.0 inI suspension or sensitized shcejJ cells \\. as added to 0.5 inI of each
supeinatant, and hcinolysis was measured after Incubation at 37'C for 30 minutes.
The datc ale shown lit Table 2. 'Tubes I and 2 to \vhicll bentonitc or zymosan
\\, as added before incubation, sho\\. ed coinplcte hemolysis. But Tube 3 sho\\. cd
no ITcmolysis at all. 1'1'0m this, 11 is nostu!ated that inactivation or C 3 did ITot
occu^ in Ihc sei'urn treated willl I)cntonitc evei} if zymosaiT was added to the
serum. I'ropeidin may make a complex with bcntonite at 17'C like zymosan, so
that no I}lopcrdin-zymosan complex 101'mallon \\, Quid result.

Table 2. Removal of proper din in human serum by bentoni*e o1 17 C

x4

x8

Original Serum

0296

0357

Exiinciion

RP IZl

0470

0570

RP IBl

Human serum

Zymos. n

Benio nile

0570

0650

Imll

lingl

lingl

Su perno!. nl

Zymoscn

Supernoionl jinll

Sensitized sheep cells jinll

I, nlH emolysis

jinll

jin. I

2.0

20

20

Incuboied o1 17'C for 60 min incuboled o1

37'C for

Cenlrifuged 60 min

1.0

10

2.0

10

10

Incubated o1
37'C I or 60 min

0.5

1.0

100

1.0

10

05

10

100

05

10

o
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B) Pillemer reported that C'3 was not mactivated by the P-Z complex below
17'0 but C'3 was mactivated at 20'C or above. As mentioned above, the
properdin-bentonite (P-B) complex like that of zymosan may be formed at 17'C.
Attempts were made to whether the P-B complex could in activate C'3. 10 ing
and 5 ing of bentonite were added to 2.0 in I of serum and the mixtures were
incubated at 37'C for 60 minutes with occasional mixing. After incubation all
mixtures were centrifuged for 15 minutes at 3000 rpm and the super natants
were separated. 1.0 inI of cell suspension was added to 0.5 in I of each supernatant
and hemolysis \\, as measured after incubation at 37'C for 30 minutes. The results
are presented in Table 3. All tubes showed complete hemolysis. it is clear from
these data that, in contrast to the P-Z complex, the P-B coin Iex does not
mactivate C'3 even at 37'C.

236

Table 3. Removal of proper din in human serum by bentonite at 37'C

Benionile

Human serum

Tube

Super notant jinll

Sensitized sheep cells Imll

lingl

jinll

C) According to Pillema. zymosan does not form any complex with
proper din bel0\\, 10'C. Experiments \\, ere performed to see \vhcthu. bentonite
formed a complex with propel'din at 10\\, tempeiatures.

As indicated in Table +, 20 in a, and 5 ing of bentonite respectively \\, ere
added to test tubes containing 2.0 in a of human serum. Then the tubes were
centrifuged for. 15 minutes at 3000 rpm. After incubation at 5'C for' 60 minutes, 1.0
in I of each super natant \\, ith 5 ing of zymosan \\, as incubated at 37'C for 60
inIuntes, super natants \\, ere separated by centrifugation at 3000 rpm for 15
minutes. Finally 1.0 inI of cell suspension was added to 0.5 inI of each Su pel'-

natant. Hemolysis in the tubes \\, as estimated artei' incubation at 37'C for 30
minutes. As demonstrated in Table 4, Tube 3 showed 50 per cent hemolysis and
Tubes I and 2 showed complete hemolysis. These results sho\\, that bentonite
unlike zymosan, form a complex \\, ith proper din at low tempertures.

From the above results it is evident that, in contrast to zymosan, RF could
be prepared with bentonite at any temperatre, but R3 which is deficient in C'3
could not be prepared with bentonite.

Centrifuged clier incubaiin o1 37'C for 60 min

Hemolysis

~I 10
--,^

I Jul

1.0

0.5

1.0

2

Incubated o1 37'C for 30 min

5

1.0

100

0.5

1.0

3

2.5

10

100

0.5

1.0

100
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Table 4. Effect of bentonite on

Bentoniie

Human serum

Tube

Su pernolonl

Zymoson

lingl

jinll

Super notonl jinll

Sensiiized sheep cells jinll
---- -- - -

Imll

lingl
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proper din o15'C

3. S, /iai'nilo!I of 11'011e! din 1101/1 Ihe In'o118!'di"-bell/o11i/e '01/1/11e\
As shown above, 11 was confirmed that there \\'as Ilo To } d'

(B) which was prepai. ed by additioil of bentonite to human seru
The 10/10\\, Ing t\\, o possibilities are considered I'errardi ,, tl I

inactivation or I, Topcrdiit activity by bentonite.
I) Bentonite might mactivate propel'din in humail sei'urn.
11) Ploperdin might be adsorbcd by bentonite.
11 the Iattci. Is the casc, pi. opei. diiT could probabl be cluted fr in Ih P-B

PIex. The following experiments \\. eie done to se arate .d' I. h
complex. As prcscntcd in Fig. I, a modification of the incthod d b , P'11
<1956a) in pu, ification or p"ope"din I", in th, P-Z coin I, x was in I d. Th
tails of the method ai. c as Follows : 1.0 ing of bentonite \\, as add d t 20 I I h
serum and Incubated at 17'C for 60 minutes \\, ith occasional in',.' or. Th ' .
\\'as centrifuged at 3000 I. pm for 30 minutes and the reci it ate d. 2
or pH 6.2 phosphate saline I)ufTer (pH 6.2 phosphatc buffer. in 19 inI I I' v
added to this precipitate and then thorou, ,hl mixed and c t. 'I rr d 3
101' 30 minutes. The super natant was discarded. Thc same r d ,
I\\'Ice. 2.8 inI of 2M saline in 7.2 inI of pH 7.4 phosphate buffer \\. as dd d h I
preapitate. The reaction mixture was centrifiu ed at 3000 r I . 30
after Incubation at 37'C for 60 minutes \\, ith occasional mixin . Th
(proper din eluate) \\, as dialysed at I'C against 500 in I or distilled \\'at . I r 3
days. A part of the dialysate was used in the followino ex e .' . Th d'
was adjusted to pH 5.8. .0.1 and allo\\ed to stand at O'C for. 60 d
precipitate \\, as separated by centrifugation at 3000 r in for 30 t Th'
precipitate \\'as extracted by 3.4 in I of pH 7.4 veronal buffer and Ih
(properdin extract) \\, as separated by centifugation. The second reci tat v
similarly extracted by 1.6 in I of pH 7.4 veronal buffer and it
(properdin extract) \\, as separated. These two super natants ( To erdin 'tr
were also used in the following experiment.

20

2.0

-- -.-- - -

Centrifuged offer incubation o1 5'C for 60 min
human serum

H emolysis

2

10

2.0

1.0

5

I '

Centrifuged offer incubolion o1 37'C for 60 min

1961

0.5 0.5

10 10

incubated o1 37'C I or 30 min

5

2.0

1.0

5

4

100

I .O

5

100

05

10

1.0

5

50

0.5

1.0

o
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Fig. I. Elution gf properdin from P-B complex

1.0 g of bentoniie 150 ing/in11 added 10 20 inI of human serum
Cenirifuged o1 3000 rpm for 30 min

after incubalion o1 17'C I or 60 min

Precipitate = P-B complex

Washed with 20 inI of pH 6.2 phosphate saline buffer 119 inI

of physiological saline plus 1.0 inI of pH 6.2 phosphaie bufferI
and centrifuged o1 3000 IPm for 30 min

Precipitate =Washed P-B complex

I Suspended in mixture of 72 in I of pH 7.4 phosphate buffer and

I 2. 0 in I of 2 v saline, Ihen centrifuged o1 3000 rpm for 30 min
I of Ier incubation o1 37'C I or 60 min

Super notanl= Proper din eluote

Dialyzed ogoinsi 500 in I o1 distilled water o1 I C for 3 days

Dialysote

I Allowed 10 stand for o1 Ieosl I hour o1 I'C after adjusiing to

I pH 10 5.8t 0.1, Ihen centrifuged at 3000 rpm for 30 min

Precipil. Ie = Crude proper din

Cenlri{uged o1 3000 rpm for 30 min. following exirociion wiih
3.4 in I of pH 74 veronol buffer

Supernaloni= Proper din extraclPrecipitate

Cenlriluged o1 3000 rpm for 30 min. following extraction wiih

1.6 inI of pH 7.4 veronol buffer

4. Refogi!i/ioii 91 11 o118idi!!

A) Refogi!i/ion of 1/10/'81'di!! ill Ih, dinb^Jd!,
Reaction mixtures \\. ere prepared as indicated in Table 5. 5 ing of zymosan

\\, as added to eaclT mixture, and Incubated at 37'C for 60 minutes. Then the
supernatants \\, as separated by centrifugation at 3000 rpm for. 15 minutes. 1.0 inI of
cell suspension \\, as added to cach super natant and hemolysis of each tube \\. as
estimated after incubation at 37'C for 30 minutes. As sho\\, n in Table 5, in Tubes
I and 2 (dialysate added to RF (B), 5 and 6 <0riginal serum was used as a
control) hemolysis \\, as not seen. On the other hand, in Tubes 3 and 4 (Rl' (B)
only) complete hemolysis \\, as shown. It was thought from these results that there
might be proper din in the dialysate. The following experiments \\, ere made to
see if proper din is actually present in this dialysate.

An experiment \\ as carried out as presented in Table 6. All tubes werc
incubated at 17'C for' 60 minutes \\, ith 5 ing of zymosan and theIT the super natants
were separated by centrifugation at 3000 rpm for. 30 minutes. 5 ing of zymosan
was added again to each super natant and incubated at 37'C for 60 minutes.
Then the cell suspension \\, as added to the separated super natant and hemolysis
of each tube was estimated after incubation at 37'C for 30 minutes. As shown
in Table 6, all tubes showed complete hemolysis. From these results, it \\ as

Su pe r noi. nl= Proper din exlro cl
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confirmed that the dialysate contained I)ropei. din which \\. as I'eruoved by zymosan
at 17'C and also was able to Inactivate complement with zymosan at 37'C.

Table 5. Elution of proper din from proper din-bentonif e complex IDiolysofei

lint !RP IBl

jinllOriginal serum
jinllDialysole

Physiologicol saline jin!I

linglZymoson

Tube

Supernoianl jinli

Sensiiized sheep cells jinll

07

2

Hemolysis

03

0.5

0.50.3 05

555 5 5

Cenirifuged oiler incub. lion o1 37'C for 60 min

0.5 0.50.5 0.5 0.5

101.0 1.01.01.0

Incuboled o1 37'C for 60 min

100o 100

3

07

0.5

jinllRP IBl

jinllOriginal serum

jinllDialysole

Physiological saline jinll

linglZymoson

I ,ul

4

Tube

Table 6

05

5

Recognition of proper din in dialysole

2 3

o

05

6

S u pernalo nl

Zymo so n

1.0

1.4

Su p ernol. nt jinll

Sensitized sheep cells jinll

06

jinll

lingl

5

0.6 1.0

10 1010 10

Ceniriluged clier incubalion o1 17'C for 60 min

1.0 1.0 1.01.0

5 55 5

Cenlriluged alter incubation o1 37'C for 60 min

0.5 0.5 0.50.5 0.5

1.0 1.01.01.0 1.0

Incuboled o1 37'C for 30 min

100100 100

1.0

B) RErogi!illo!! q/' pionei'din ill Ih, ex/jar!J :

As demonstrated in Table 7, the datails of this experiment were almost
identical to that of the above experiment. Slight hemolysis \\, as seen in Tubes
I and 2, but in Tubes 3, + and 5 no hemolysis \\. as seen. Tubes 6 and 7, which
contained only RP <B) and zymosan, showed complete ITemolysis. Tube 8 and 9,
\\. hich contained the original serum and zymosan showed ITO ITemolysis.

Hemolysis

0.5

1.0

1.0

o

1.4

4

o

I, o1

10

I. O

10

5

1.0

5

100 100
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it was concluded from these results that the extracts contained
which could be eluted from the P-B complex.

Table 7. Recognition of proper din in extract

240

RP IBi jinl!

Original serum jinll

Properdin extract jinll

Physiological saline jinll

Zymoson lingl

Tube

Super notanl jinll

Sensitized sheep cells jinll

II 21 31415

o-9I o8510.75 o7I o5
' ~- I ^- ^ ^

-I - -I -I -0.1 0.15 I 0.25 0.3 o. 5

~I ~I - ^ -I -I5: 5, 51 5I 51
'~I

5. T/!e ii!/life"ce of be!noni/e oil coin/Ileme?11 and i!J fom/'01/8/$
As mentioned above, proper din in human serum was adsorbed b bent ^

at any temperature. Therefore RP (B) could be prepared by bentonite at an, ,
temperature. The complement titer and C'3 titer of RP (B) prepared b bentonite
were estimated. A typical result is pi. esented in Table 8. Decrease of C' tit .
and C'3 titer in RP <B) was less than that in RP (Z). It is su ested I.
these results that suitable RP (B) for. proper din titration could be re ared b ,
bentonite at any temperature.

Table 8. Complement- c"d C'3 titer in RP IZ) a"d RP (Bj

Hemolysis

I0.51
Centrifuged oiler incubation o1 37'C for 60 min

' 101

I%I

I-

67819

,IT;. I. ,,_.0.7 I 0.5 - I _

~' ~I '. 71 o. 5
0.31 0.51 o. 3 0.5
51 51 51 5

05' 0.5I
1.0, 1.0 I

incubated o1 37'C for 30 min

proper din

10

, -, I ,., I ,., I . - I , -,
^-- I ^-, I ^-. I ^-, I ^-.

20 ,I

Original serum

RP IZj

RF 181

o '

6. Alle!lintJ 10 ridJoi'b iru'1011r dinibodieJ o1/10 bellloi!jig

A) Ad. ,Dinioii q1" 7101'in a! fillibodi'eJ o1/10 :, ajioi!J 01er of' led blood fell .
The following experiment was performed primal. 11 , to determine if b t

could adsorb normal antibody to sheep erythrocyte in humail serum. N -t . d
human serum and human serum treated \\, illl bentonite wei. e dilut d I ' 4, I
In 8 and I in 16, respectively. Human serum was saturated \\, ith shee bl d U
at O'C. As Indicated in the control tube of Table 9, the norm I t'b d I

o 100 I

complete hemolytic
u nil

100 I

0.5

1.0

---- ---- --^^ ---

C' filer

o

12

75

12

o

half hemolyiic unit

40

25

38

C':; filer

136

38

132
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erythrocyte was completely removed but sufficient complement remained in this
serum. 0.2 inI of this serum was added to 0.3 inI allquots of the diluted test serum
as a complement, and 1.0 in I of non-sensitized sheep cell suspension was added
to each tube. Hemolysis was measured after incubation at 37'C for 30 minutes.
As indicated in Table 9, there \\, as no difference in the intensity of hemolysis
bet\\. een non-treated serum and serum treated \\. it IT bentonite and there was

approximately the same amount of normal antibody left in the treated serum as
in the non-tieated serum. Similar results \\, CTe obtained for normal antibody to
bovine ei. ythrocyte in human scrum.

Table 9. Adsorption of normal antibody by bentonife

x81 xi61
jinllOriginl serum 0.3 0.3

jinliRP IBl

I ^jinii IVeronol buffer 0.31 0.3

,:, 1:1::"!, 15':,:::^"",\,, I 0.2 0.21 o. 2 I o. 2 I o. 2 o. 2 I o. 2 I o. 2
Non-sensiiized sheep cells jin11 I 10 1.0 1.0 1.0 I 1.0 1.0 1.0Non-sensiiized sheep cells jinll I

Sensil;zed sheep cells jinll -- - - - - - ' - I . OI 1.0Sensil;zed sheep cells 'in" I

Tube

x4
0.3

-I

Hemolysis

2I

B) AdJoi/illoi! of iJo(Igglii/illi!I

As shown in Table 10, an experiment was carried out to determine if
bentonite could also adsorb ISOagglutinin to A and B type Ilurnan erythrocytes.
it \\'as round that bentonite did not have any influence on adsorption or anti-A
agglutinin and anti-B agglutinin.

Table 10. Adsorption of iso0991ufinin by bentonife 121

,_ I

3 4

--- ----- :

^^

C . Coinpleie hemolysis

P : Purliol hemolysis

X4

0.3

5

I .

incuboled o1 37'C for 30 min

x8 xi6
0.3 0.3

6 7 I

clP c

on liserum dilulion

on Ii-A-se rum

on Ii-A'serum

treated with benioni;e

a nli- B - s e rum

anti-8-5e rum

treated with bentonile

8

_I

C P I-I

red cell of A Iype

XI x2

+++

+++

C

++

-+

x4

I^ _

+

red cell of B type

L

XI x2

++J

I +++

x4

L+

++

+

+
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C) Adror/in o11 0 " normal Rillibody 10 E. Coli B
It is clear from the above results that antibodies to vai. jous red cells \\. ere ITot

adsorbed by bentonite. Therefore the influence or bentonite on normal antibody
to E. Coli B \\, as examined. Untreated human serum and \, arious sera \\. hich
were prepared as shown belo\\, \\, ere used.

Untreated human serum.I. OS

Inactivated at 56'C For. 30 minutes.2. I S

3. RP(B) : Human serum \\. ith 5 ing/inI of IJentonite \\. as incubated at 17'C
for 60 minutes. Super natant \\. as separated by centrifugation.
1.0 inI allquots of human serum \\. ere incubated at O'C For. 604-. OSC

minutes \\, ith approximately 10 rug of E. Coli B. The super natant
was separated by centi'irugation at 3000 rpm for 30 minutes.
RP(B) \\, as IJrepared with E. Coli B as describcd above, instead5. Rpc

\vith orginal serum.
Bacterial suspension : A 16 hour culture of E. Coli B was harvested from agar

slants and suspended in physiological saline. The concentration of
0.1 0. D. at 550 in/t in a Hidachibacterial suspension \\, as

Electrophotometer.
The original serum and the treated sera \\, eie diluted as Indicated in Tablc

11 and 01 inI of the bacterial suspension was added to 0.9 inI of the diluted
serum. Reaction mixtures \\. ere Incubated at 37'C for 60 minutes, and 0.1 inI of
appropriate Iy diluted mixtui. es \-vas poured onto agar plate. After incubation at
37'C for 18 hours, the number of bacterial colonies appearing on the agar plate
was recorded. The results are presented in Table 11.

Table 11. Adsorption of normal antibody to E. Coli B. by bentonife
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Dilution of reaction
mixiur es

Dilution of test '.\,
se rums

OS

15

RP

OSC

OSC

OSC

Rpc

Rpc

Rpc

^^
^

~ - ----- ---

x4

x4

X4

Xi

X2

x4

Xi

x2

x4

^

I O ~::

The original serum and RF(B) had I)ectci. ICidal activity to E. Coli B and no
bacterial colony was seen on the I, late of OS and RF(B). On the other nand,
bactericidal activity was almost completely eliminated in Inactivated seruilt and
96 colonies were counted cven at a 1.14 104 dilution. Bactcricida! acti\, it\. in

o

Number of colonies

1-10~*

o

78

321

375

2988

o

11 0~ I

o

o

15

78

174

738

1128

00

00

o

1110~"

00

o

o

o

o

15

33

99

o

606

}I o~"

o

96
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hotli OSC and Rpc \\. as markcd!y deci. cascd, IJut there more colonies in Rpc
thaiT in OSC at the same dilution. As shown in Table 12 the C' titer or OSC

and Rpc dcci'cased considei'ably as coiTTpared with that or OS and RP(B), but
Do siunificaiTt difference in C' tilei. \\, as round between OSC and Rpc

11 is suggested from Ihcse results that thc bactericidal activity of human
setunT to E. Coli B \\'as Inactivatcd at 56'C for 30 minutcs, and this activity \\, as
not completely I. cmovcd by bentonitc or bactei. Ia! cells only. This activity ho\\. ever,
could bc removed from human serum by simultaneous treatment with both
bentonitc and bactcrial cells. ProperdiiT and scruin Iysozymc \\. CTC removed from
RF(B), but the bactericidal activity \\as Ilo1 coinplctely climinated, and this
activit\, \\'as removed by adsorption will\ bacterial cells at 10\\, temperature. it is
e\, Idcnt that bactei'ICidal ITormal antil, ody ICmovcd from serain by bacterial cells
call 1101 be adsoi'bcd onto all amount' or IJentonite SUITicicnt to adsorb IJroperdin
In ITUinail Scrum.

Table 12. Complement filer in non-treated- and treated serums

Non-Ireaied serum

RF IBl

OSC

Rpc

D) ,I(An!/11ioii of nth, !~ Alert!if fin/ibfjdi" .'

Sei. uru or syphilitic individuals it ad a nositivc I. eaciion both in thc wassci-
maiT test and HocculatioiT test. It \\, as incubatcd \\. ith 5 ing/in I of bentonite
at 37'C for 30 minutes. Thc treated sei'urn \\, as centrifuged at 3000 rpm for 15
minutes.

The super natant did ITot sho\\, any differcncc nom the untreated sei. urn in
reactivity to the sci'o10gical tests for syphilis

DISCUSSION

11 was shown that bcntonite, which is known to adsoi. bent tm' Iysozymc, could
also adsorb Iysozyme in hamaiT serum and causc inactivation or proper din. Assuming
that the adsorptioil or proper din by lientonitc may be responsible 101' this Inacti-
vatioii or proper din, led to the successful isolation of propel'din 11 o1n the proper din-
bentonitc complex. Proper din can be adsobed by bentonite at any temperature.
Howevci', the propel'din-bentonite complex does Ilo1 in activate C'3 even at 37'C,
unlike the ploperdin-zymosai\ complex.

In the prope"din assay Ii"oposed by Pillcme, ' (1956a) it is VC"y dimcult to
obtaiil adequate R3 and 1<P Tm. our ei. perlments. This is one of Ihc I. Gasons \\, hy
the proper din assay has bccii thought to bc I. at heI. unreproducible. The preparation
of RP by bentonite does not necd so rigid tempeiature control as that by zymosan.
Moleo\'er we call obtain RF 11cl} in complement and GB \\. hich seems inorc

C' liter

35.2

31.8

17.0

16.0

I Jul

100

90.4

48.3

45.5
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suitable for. the proper din assay.
Skarnes and Watson (1957) discussed common features of proper din and

normal antibody, and wrote as follows :-
"It is concluded from this discussion of the numerous similarities shared by

normal antibody and properdin that they are likely the same substance. ..... It is
suggested that the old terminology be discarded unless it can be proved that
normal antibody and proper din are distinct substances. "
On the other hand, it was postulated by R. A. Nelson (1958) on the basis of his
experiments on immune-adherence that properdin might be an antibody against
zymosan and 0'3 inactivation by zymosan would be a result of complement fixa-
tion by an antigen antibody reaction. However, it became evident that the amount
of bentonite necessary to adsorb proper din in human serum did not adsorb nor-
in al antibodies against various types of red cells and E. Coli.

As far as this experiment is concerned, some of the specific antibodies were
obviously shown not to be adsorbed by bentonite. In addition, Fujio at a!. (1959)
demonstrated that bentonite does not have any influence on adsorption of an
antibody in rabbit against egg white crystalline Iysozyme. However from the
results of our experiments, it is still impossible to discuss whether proper din may
be an antibody aaginst zymosan. But at least, we hesitate to agree with Nelson.

The am biguos term "normal antibody" may include something consistent
with properdin as Skarnes and \\'at son (1957) pointed out. However, it is suggested
that normal antibodies against various types of red cells and some bacteria, \\, hich
have been thought to be normal antibodies in the classical sense, are obviously
different from proper din.

INAl, KISHIMOTO, HIRAO. YAMAD. \ AND TAKAHASHl

The authors grate itlily acknowledge the kind advice and help of Prof. Imasato Dono-
niae (The Third Department of Internal Medicine, Osaka University Medical School) and
Prof. Tsunehisa Am ano and his co-workers (D epartment of Bacteriology, , Osaka University
Medical Scliool)

Fuji0,11. , Kishiguchi, S. , Shinka, S. , Saiki, Y. and Amano, T. (1959). Tmmunochmical
studies on Iysozyine. I. The antigenicity of Iysozyme-methyl ester and Iysozyme
Biken'$ I. 2.56-76

Inai, S. , Kishimoto, S. , }lirao, F. and Takahashi, H. (1958). Studies on serum Iysozyme
I. Relationship between zym, )sail and Iysozyme in human setuni. Med. I. OSak"
Uni, . 8,515-528

Nelson, .It. , R. A. (1958). An alternative 111echanism for 111e properdin system. I. Exp
Med. , 108,515-535

Pillemer, L. , Blum, L. , Lepow, I. H. , Ross, 0. A. , Todd, E. W. and Wardlaw, A. C.
(1954). The properdin system and immunity. I. Denionstration and isolation of
new serum protein, proper din and its role in immune phenomena. Sctence, 120,
279-285

Pillemer, L. , B!urn, L. , Lepow, I. H. (1956a). The properdin system and immunity.
111. The zymosan assay of properdin. I. Exp. Med. 103, I-13

Fillermet, L. , Landy, A1. and Shear, M. I. (1957). The properdin system and immunity

ACKNOWLEDGEMENT

REFERENCES



STUDIES ON ADSORPTION OF HUMAN SERUM COMPONENTS BY BENTONITE 245

Vll. .Alternation in properdin levels and resistance to infection in niice followin
the adminisiratioiT of tissue polysaccharide. I. Exp. filed. 106.99-110.

Skarnes, R. C. aild \\'atson, D. \V. (1957). Antimicrobial factors of normal lisstics
and fluids. B, zc, erio!. Re". 21,273-293

wardlaw, A. C. , Blum, L. and Pillemer, I. . (1956b). The properdin system and jin-
in unity. \'. The bactericidal acti\. ity of the properdin system. I. Exp. Med.
103, 553-575




