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111K1;\. 10\R\.\I. 7,137,132 jintilj

A Reproducible Method for the Removal of Non-
Specific F10cculating Antibodies from Tetanus

Antitoxin Serum

Kiln"o1u',' 111,111!fir, Re. *cart/! 1'011,11,110, I Ib, ,\firrohi"/ DiJ, n, ,\ of OA"A"
L!,!iru, $111, , Krill"Oldi. K" "":"a, In/, rin

ISA NIL T'suNAsni*IA AND 1<1vosni SA'To

KO SHOJI, MASAiiiKO YONEDA AND TsuNEnisA AMANo

Rc5, ", fit 111,111i, !e Jul ,\{it Jobin! Diff",,$, 0$"*" C, !I'", I'Mb, , 0$,, I'd Jan""
(RFr, I"ed 10, I'llbtic"!1011, Drt, "!ber 25, 1961)

J'itc cullLii'c finialc o1 a toxinogciiic snailt or C/. lein"I' grown ill ntcdiuni slippl, in"111. <I willI
cxcess gltitamatc was PIOv, cl by the Ouclitci'101, y's jinmunodilTLision test to consist nlOSIly or anti-
genic cumpoitcnts other LITail toxiit. OIL Ihc basis of this linchnrr, nit attempt \\, as madc to reinovc all
1,011-specific noccLilaiiitg alliibodics liont PCpsinizccl ITUrsc ICtanti* alllitoxin scrum by absoi'piion willI
concciiii'atcd CLIliLirc intratc. The reino\al orihc aittibodics was cfTccicd by a siCpwi*c absoiptioii
PIOccdLiic and wits TDLincl to bc ncaily coinplci, allci two or Ihi cc ribsorpiioii siCps. Titc final absoib-
CLI 5.1'uin citltci' gavc aimosl a xinglc pi'ccipilatioil line in all OLichlci'10ny plait or a single noccLilalioii
10nc in i'sL ItIbcs with ci'ude tetanus toxin o1' toxoid pi'cpai'aiions. 'File yic!cl or Ihc absorbctl scrum
was inure than 90 per ceiTt or the o1'1gina1 11nabsorbccl scrum ill tel'ms or antiioxii, tiniis. E\ itICncc was
obtaincd FDi Ihc existcncc oraliiTcar relationship bct\\. ccit Ihc L + 110 closes or\, arious toxin prcjiar-
allons aitcl Ihcir Lr\. alucs till'atccl with ribsoibcclscium by I{amon's incll, od. 11\\, as sho\\n that the
cxccss an11gci, IC coinponeitis ICmainiiig in Ihc absoi'bcd serum could bc pailially ICmovc, I by am-
multitim sulfaLc 11 aciioiTatioi, tincl almost coinplcicly I cmoved by 10nc-elcctiophoresis R, ino\. ai or

11, c cxccss antigcil nom titc suruii. ICstilt, cl in a shortci, illg or 11, c nocctilaiion tnnc (Kf)

S U\. litlAR\'

Unlike the case will\ diphtheria, \\, hen tetanus toxin or toxoid is lit. ated with
aiT ordinary antitoxin scrum IJy Ramon's method, it is frequently very dimcult to
distinguislt a specific HocculatioiT witll to xii, and antitoxin fronT those witlt other
antigenic coiTTponcnts and the11' aittil)odies. As reported previoiisly, I}y many
\\, orkers (RaiTlon. 1937, Prcvot, 1938, Glenn\- and Sievens, 1938, Goldie ,/ ,11. ,
1942, AToloney 61 a/,, 1944), 111is ITas liecomc a major obstacle lit ill allio titration
of tetanus toxin or toxoid. Among 111e methods to I)e considered in approaching
this prol)Iem, Ihe nest, of course, would lie to o1)tain tetanus antitoxin serum in
whicl} specific antitoxin is the sole precipitatiil. ' antil, ody. Thus, the Hocculation
occui'ring o1} mixing this serum \\, itIT an\, tetanus toxiiT or 10xoid it, ould lie diie
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138 TSUNASHll\{A, SATO, SHOJI, YONEDA AND AN{ANO

to a specific toxin and antitoxin reaction. 111 practice, there appear. to be two
possible \-vays to prepare suclT serum ; first, by irumunizing animals with highly
purified tetanus toxoid and toXIIt preparations and Second, as I\as been attempted
by several workers (Moloney at a!., 1944, Hiraba\, ashi at a/., 1953 and Murata at
a/., 1953), by absorlJing aiT ordinary horse tetanus antitoxin serum with an appro-
priate tetanus antigen preparation which has been proved to contain all antigenic
components other than the specific toxin. Evidently, the former w^, depends on
the purity of the toxin or toxoid and the latter, entirely on the antioenic constitu-
tion of the material used for the absorption. Recently, the authors nave found
(1964) that excess supplementat101T of sodium glutamate to medium markedIy
suppresses toxin production by a toxinogenic strain of 01. I'm11i and the culture
filtrate of this medium, which contains negligible amounts of tetanus toxin, has
the same antigenic composition as that of crude toxin preparations. On the I, asis
of this finding, attempts have I, een Inade to employ this filtrate as antigen for absorp-
tion and to remove all detectable non-specific 110cculating antibodies from horse
tetanus antitoxin serum. The present papei de cribes the absorption procedure
adapted for. this filtrate and data on some irumunochemical analyses of the absorl, -
ed serum. Results of experiments to remove excess antigenic components remain-
ing 111 the serum after the alJsorption are also presented.

Teln, I"$ luxi, !

A substrain (Biken) or the Harvard A 47 strain was grown in P-11 medium (Kuboia at a!., 1960)
at 35'0 for' 6 days. At 11Te end of this period, the whole culture was centrifuged at 8,000 rpm 101
30 minutes and the SLIPernatant \\, as titen filtered. The filtrate was stocked in the cold after thorough
mixing with a small amount or toluene and Lisually employed as the toxin. The toxicity of the toxin
was expressed as L +1101ml LISing mice Dr. Japanese stock (corresponding to the dd line) or 12g
average weight

A, IATERIALS AND XiETHODS

, Tel"""$ loto, of

Toxoid was prepaied by detoxifying inc toxin witlt 0.4 per cent formaliit at 35'0 for 2 weeks
3. AMIige"/or abr0, /!1011 (rl"!ige"-"b)

A subsirain (Biken) o1111e Harvard A 47 stiain was grown at 35'C1016 days lit P-11 medium sup-
piementecl with I per cent soditim gltitamate. Tite culture filtrate obtained artei centrifugation
and filtration was concentrated with a solution or Garbowax 20,000 (polyethylene glycol) to 11/01h
or the original volume or the filtrate. The concentrate, which 11ad a toxin content of less than 100
in terms OIL + 1101ml was Lisually used as the antigen Iru. absoibiiig the telantis antitoxin serum
FDi the Hocc111ation and jinmunodiH'Lisioit 1,515, Ihc original tinconccntraictl culture filtrate (1,117n!e-
aI) \\, as Lisually employed as control antigen.

4. Tela""r drill!oxin fernm fitbyec!ed to @650!/lion ( Undbsorbeof 5,111m)

Horse telanus antitoxin sei rim (Batch No. 128,700 antitoxin tiniislml) whicli was pepsinized and
partially purified by ammonium sulfate 11'action anon \\, as subjected 10 absorption with the malei'ial
described above. Titratioil or antitoxin in 11te seitim beloi e and after the absorption was carried
oLit according to Ihc method described in 111e A, IinimLiin ReqLiirements for Biologic Products or Japan
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(1963), Lising 51ailrlard luxii, (T',\-No. 2) and antiioxii, (5 jiltei'national till 1151ml) PIO\ Idccl by the
National Instittitc o1' Hcalili o11apan

5. Inor, "!"!!o11 Ie$!

The Hocculatioi, test \\. as Listially cari'1. <1 out by Ramoii's ntcihod. Thus, a constant \, OILimc
(1.0 inI) or nittigcn \\. as addctl to \'arying \, o111mes or antitoxin scrunt and physiological saline was
Ihcn added to ntakc tin a constant \, alumc. IncLibation or the mixitirc or antigeil anti antitoxin
was Listisally cariied otit at 42'C in a water bath. Thc prelimiiiaiy t'st101 calculating Inc Iteccs*ai'y
\. OILimc o1' 111c JIM!I'"eit-ab to be addccl to the 5.1'urn for' absorption \\. as CIOnc by adding a coilstaitt
voltimc or 111e surtin\ to \. arying \. OILimcs or Ihc antigcn

6. 1111/11/11i0, /!111,101i IeJ!

Thc dotiblc cliffLisioii prccipitaiioil inclhocl in agar dcscribccl by Ouchtcrlony (1948) \\, as cm-
ployccl \\, jilt a 511gltiit, ocliricatioi, . 'Titci'CSLilis wrtc Listi"11yicacl allcr standing the agai' plat, all30"C
for one \VCck

I. '11/1ig, !11c 1/10/'11i, r of 1/16 t\!/ill'c 41/1n/, dell", of fom Jodii!"I gin/dinn/c runJl, MCI!/, d
i"Cd!11M

BCforc einjiloying 1'111/!g, 11-rrb as ait antigcil for al)sorption, titc tinconcciitraicc
culture filtrate from sodium glutamatc SLIPplementcd medium was compared \-\, Ith
a crude tetanus toxin preparaiioiT un ICrms of its I>recipitating activity will\ Undbroi'b-
ed J, IIJm (Batcll No. 128) by notli Ramoil's Hocculation and Ouchterlony s InTm-

Table I. F10cculation of Toxin and Antigen-ab with Uriabsorbed Serum

8060 7040 50IOU 20 30Uriabsorbed serum

loini 10 1.0 1.0 1.0 10 1.0 10Antigen-ab

F',F

(10')(5')

RESULTS

*Toxicity of Su pernatant

Toxin

*Toxicity of Su pernatant +

F^ or F, ' : Initial flocculation tube (Kf)
* Toxicity was examined by injecting 0.4 in I of the super natants into

+ death, number indicates survival days
- no toxicity

Toxin: 160 L + 1101ml

loini 1.0

F,

(10')

mice

1.0 1.0 1.0 10

F, '

(15')

1.0 1.0
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unodiH'usioiT method. The content of toXIIT in tlle culture filtrate was less than

10 L + 1101ml and 111, t, xin war 160 L + 1101ml.
In Ramon's Hocculation method, both the culture filtrate and toxin exhibited

double Hocculation zones and the initial Hocculation tool< place, in both cases,
in the tube containing 20 and 60 units of antitoxin, respectively. The supernatants
of these initial tubes were found to be antitoxic by- in Dzuo tests IJoth in the case of
the culture filtrate and of the toxin, while tllat of the tulJe containing I in I of toxin
and I O units of antitoxiiT was slightly toxic. This result is shown in Table I .

A similar experiment \\, as done \\, itIT these antigens after they ITad beeiT heated
at 63'C for. 15 minutes to test the heat stal)nity of their precipitating activity. As
may be seen in Table 2, ITO Hocculation occurred in the tubes containing around
60 units of antitoxiiT but it took place in the tubes containing around 20 units of

This clearly indicates that the former Hocculation is due to heat labileantitoxin.

antigens and the latter to heat stable antigens.

Table 2. F10cculation of Heated Toxin and Antigen-ab with Uriabsorbed Serum

Uriabsorbed serum

Antigen-ab Heated

F, : Initial Hocculation tube (Kf)
Toxin aud Antigen-ab were heated at 63'C for 15 minutes

The result of Ouchterlony's jinmunodifftisioil test is Illustrated in PITotograplL I.
As may be seen in this photograph, there were many precipitation lines between

tl)c U!lab30ibed relwin (30 unitsjml) and toxin or culture filtrate \\, ells and, except for
one line, all the lines of toxin fused completely with those of culture filtrate. Bet-
weeiT the culture filtrate and the serum wells, ITo line corresponding to the excep-
tional precipitation line descrilied above was detectable. This Indicates that the
content of the antigen relevant 10 the line in the culture filtrate Is maclt lower than
that of the toXIIt and further suggests that it may be specific for. toxin.

To see whether 11Tis particular precipitation line was due to a true to XIIT and
antitoxin rcaction, ait experiment \\, as made as follows ; a small allquot of agar \\, as
taken from notlL the serum and to XIIl sides nearest this precipitation line and the
toxicities of these allquot \\, ere examined I)y injecting them subcutaneously Into

it was found that mice injected \\, itIt agar from the toxin side all showedmice.

typical tetanus intoxication and died, \-vhile mice receiving agar. froin the serum
side did Ilot show any symptoms in mice. This Indicates that the above precipi-

Toxin Heated

Ou

loinl

I ~

20

10

30

1.0

loini 10

40

I .O

50

1.0

I .O

7060

1.0 10

F, ' (10)
heat stable

10 1.0

F, ' (10)
heat stable

10 1.0

80

I .O

1.0
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Photograph I

Agar Gel Diffusion Pattern Demonstrating the Antigenic Relationship between Toxin
and Antigen for Absorption
The arrow indicates the line of the toxin. antitoxin reaction.

Toxin: 160 L 1101ml
Antigen-ab; Original culture filtrate from glutamate supplemented medium

tation line may represent a true toxin-antitoxin precipitation reaction.

2. Abso?:*!ion procedure

The absorption of Undb$076ed serum (Batch 128,700 unitsjml) with Annoen-rib
described previously was carried out stepwise two or three times and the chan us in
the antibody composition of the serum were examined after each absor tion ste
by both Ramon's Hocculation and Ouchterlony's jinmunodifTusion method. A ro-
priate volumes of An!igen-@b to be added to Undbrorbed rerttm for the absor tion were
calculated from the result of a preliminary precipitation reaction using a constant
volume of the serum and varying amounts of antigen. Table 3 gives the result

Uriabsorbed serum

(30 ,/in I)

Antigen- ab

141

Uriabsarbed Serum (40ulml)

Tube No

Table 3. Preliminary Precipitation Test

Antigen-ab*

P. BS.

Precipitation

* Antigen-ab : x 10 concentrated (< 100 L +110 Iml)
- ^, +, + : degree of precipitation.

1.0m1 1.0

2

006m10.09 0.14 0.20 0.30 0.45 0.68 1.0

0.94m10.91 086 0.80 070 0.55 0.32 O

=E + +

heat stable

3

10

4

10

5

10

6

10

7

1.0

+ +

heat labile

8

1.0

9

1.0

1.5

:I=

o
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of a preliminary precipitation test showing that maximal precipitation too p ace
in tubes 3 and 5. A similar experiment using heat treated antigens showed t at
the former precipitation was due to heat stable antigens and the latter to heat
labile ones.

142

a) First @630r!inon

Based on the volumes of Antigen-@b and Uriabrorbed $87"in in tube 3, 280 inI of
Antigen-@b was mixed with I 14.3 inI of Undbsorbed serum. The mixture was incubat-
ed at 37'C for one hour and then in the cold for 2 days. The mixture was then
centrifuged in the cold and the resulting super natant was employed as the Ift ab$07 -
ad serum. In the 1st ab$076ed serum, 190 unitsjml of antitoxin remained, the yield thus
being 93.6 per cent. Comparison of the absorbed serum with UriabJorbed serum
by irumunodiff'usion in an Ouchterlony plate indicated that the antibodies precipitat-
ing with heat stable antigens were removed from the Undbsorbed serum by the st
absorption. This is shown in Photograph 2.

Photograph 2
the Effect of the 1st AbsorptionAgar Gel Diffusion Pattern Demonstrating

The arrows indicate the lines of the toxin-antitoxin reaction
Toxin: 160 L + 1101ml
Antigen-ab: Original culture filtrate from glutamate supplemented medium

This photograph shows that there were four less precipitation lines between t e
toxin and I st absorbed serum than between the toxin and Undbsorbed $erum wells.
In a separate experiment, these four lines were not found to disappear a ter eating
the toxin or Antigen-@b at 63'0 for 15 minutes, indicating that heat stable antigens
are responsible for the formation of the four precipitation lines.

Table 4 illustrates the result of Ramon s Hocculation test with the
serum and toxin or Antigen-@b.

it will be seen that initial 110cculation takes place only in

Antigen- u

Uriabso, bed
Serum

130"/in 11

151. rib, orbed
Serum

(30.1ml)

Antigen ab

the tube containing

1st absorbed
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Table 4. F10cculation of Toxin and Antigen-ab with 1st Absorbed Serum.

1st absorbed serum

Antigen-ab

flocculation

Toxicity of
su pernatant

Toxin

IOU

loini

F, : initial flocculation tube (Kf)
;:; Toxicity was examined by injecting 0.4 in! of the super natants into mice

+ death, number indicates survival days
- no toxicity

T. xin : 160 L +1101ml

20 units of antitoxiil and not in the 611t Iul)e in whiclT antoilier nocculatioil would
occur in the case with Undbro}bad Jeiwm, as showiT in Tablc I. Thc results of noth
Ramon's 110cculation and Ouchterlony's jinmunodifTusion anal SIS clearl in-
dicate that antibodies against heat stable anti"'ens can lie cH'eciively rcmovecl from
UnitJorbed $ei'"in I, y the 1st al)sorption.

b) Second dbJo?/Ino"

To remove the remaining antibodies other than antitoxin, the If/ abroi'bed
Jeiwm was agaiil absorlJed with An/fuel!-ab. In this case, 70 inI of rl"/I en-ab was Iho-
roughly mixed willt 100 in I of 131 aboibed r, I'"in I)ccause of the relative volumes of All-
11gen-ab and UndbJo?'bed $8rttm in tune 6 in Tai)Ie 2. The mixture was incul)at d I
37'C for' one hour and then in the cold for 2 days. 11 was tlTen centrifu ' d ' 11
cold and the supernatant thus obtained was employed as the 2nd ribroib, of felt!in.
The yelld of this serum was about 92 per cent of the original Undbroi'bed 387" 'n
terms of antitoxin units.

The effect of the 2nd absorption o1T the removal of antibodies other Ihail anti-
toxin from the Ifi abroi'bed r, 1'1, in was examined, as described above, b botlt Ramon's
Hocculation and Ouchterlony's jinmunodifTusion aiTlysis. The results are 'Iven in
Table 5 and Photograph 3, respectively.

As may be seen in the photograph, the 2nd ribro?. bed Jei"in (30 unitsjml) nave a
strong precipitation line with toxin and no line corresponding to this was detectalJle
between the serum and rln/igen-ab wells. Careful inspection of the ao'ar late, how-
ever, showed that there was a very faint line between the serum and An/i en-ab
wells and that this line fused witlT a faint line formed between the toxin and serum

flocculation

Toxicity of
supernatant

20

10

F1
(5')

heat labile

..,

.,.
.\

30

10

40

I .O

loini 10 1.0

F1
(10')

heat labile.

;:,

50

1.0

60

1.0

+,

70

1.0

1.0

80

I .O

I .O 1.0 1.0 10
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,

Aalgen-ob

Photograph 3
Ager Gel Diffusion Pattern Demonstrating the Effect of the 2nd Absorption
The arrows indicate the lines of the toxin-antitoxin reaction

Toxin: 160 L 1101ml
Antigen-ab: Original culture filtrate from glutamate supplemented medium

wells which was closely adjacent to the strong precipitation line. The toxicities of
the agar on both sides of the strong precipitation line were examined, as described
above. 11 was found that only the mice injected with the agar from the toxin side
died as a result of typical tetanus intoxication.

Table 5. F10cculation of Toxin and Antigen. ab with 2nd Absorbed Serum

Toxin

Unub, orbed
Seium

(30"/rill

2nd ribso, bed
Serum

(30.1ml)

2nd absorbed serum

Antigen-ab

F10cculation

Toxicity of super natants

Toxin

F : Initial floorulation tube

Toxicity was examined by injecting 04ml of the super natants into mice
+ death, numbers indicate survival days
- no toxicity

Toxin : 160 L +1101ml

Ramon's Hocculation test demonstrated that the 2nd abso?'bed $87"in gave a
single 110cculation zone with toxin while no Hocculation took place with Antigen-@b

Toxicity of su pernatants

F10cculation

6u

1.0ml

8

I .O

10

loini

1.0 1.0 1.0

u ridetectable

12

I .O

14

+I

1.0

F

(115)

16

+

I .O

I .O

18

I .O

+

10

20

10

1.0 10 10
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using the proportions of antigen and serum described in Table 5. As is seen in this
table, the initial Hocculation was observed in the tube containing 10 units of anti-
toxin and 160 L + 110 of toxin. Animal tests showed that the supernatant of this
tube was still slightly toxic indicatinu the occurrence of Hocculation near an antigen

However, the toxin content of the super natant was so small (aboutexcess zone.

11/05 of the toxin added to the tube) that the urineutralized toxin may be either a
contamination obtained during the procedure or be dissociated from the toxin-
antitoxin complexes.

The results described above clearly suugest that nearly all the antibodies other
than antitoxin in Undb$076ed $ei. "in are removed so satisfactorily after the 2nd absor -
tion that the ftoccul tion of a crude toxin or toxoid with the 2nd abro, bed $ei"in re re-
sents only the true toxin-antitoxin precipitation reaction. Actually, as will be
described in a later section, a quantitative relationship has been found between the
in ulpo titers (L + 110 or Lb) of various toxin or toxoid preparations and their Lf
values titrated with the 2nd ab. $07 bed $87"in.

c) Third @630, :*lion

Although the 2nd absorbed $87ttm described above has been shown to ive er-
fectly reliable antitoxin serum for routine in wilyo titration of toxin or toxoid, it in
fact still contains traces of antibodies other than antitoxin which can be detected b
the jinmunodifTusion method. To remove these antibodies, the serum was absorb-
ed again with An!i"en-o6. Before this, the 2nd adsoi. bed $87. "in was concentrated b
precipitation at 50 per cent saturation of ammonium sulfate. The antitoxin titer
of the resulting concentrated solution was 420 units IJer inI. Then, based on the

145

Uria bso rbed
Se r urn

(200.1ml)

Photograph 4
Agar Gel Diffusion Pattern Demonstrating the Antibody Composition of the 3rd Absorbed
Serum

The arrow indicates the line of the toxin-antitoxin reaction
Toxin : Concentrated with Carbowax 20,000

3rd. absorbed
Serum

(200.1ml)

Toxin

1600/11/01ml
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equivalent proportion of An/igen-db 10 the 2nd rib50ibed fernm (concentrated wit
ammonium sulfate, 420 units) obtained from a prdiminary Roccu!ation test, 50 nT
of the Annoen-ab were added to an equal volume of the concentrated 2nd abJoi'be

The mixture was incubated at 37'C for one hourrerttm with thorough mixing.
aitd then in 11Te cold for 2 days. The super natant obtained from the mixture by
centrifugatiolT was finally employed as the 31'd ab$07'68d $ei"in. There was no
appreciable loss of antitoxin by this an sorption procedure. Photograph 4 i us ITates
the result of the 3rd absorption demonstratecl in an Ouchterlony s agar plate.

As may IJe seen in the photograph, the 31d abJoi. bed Jei"in (200 unitslml) gave
only one strong precipitatioit line with concentrated toxin (1600 + I Im ) -
Between the UndbJorb, of $er!tm and 37'of rib30ibed 381'Min wells, there appeared many
precipitation lines and these lines fused completely willt those between the Undbso, ' e
$, Jarm and toxin wells Indicating the presence of excess antigenic components
in the 31'd at$016ed J, ,Min introduced I)y both the 2nd and 3rd absorption procedure.
Incidentally, the 31'of ab$01'68d sei'Min gave ito detectable precipitation line even wit L
concentrated An Jige"-rrb. These results clearly indicate that the removal of traces
of ILOn-specific antibodies can be accomplished by the 3rd absorption.

Removal of antibodies other than antitoxin from Undbrobed Jerum IJy stepwise
absorptioiT was further confirmed by carrying out a quantitative precipitation test
witl\ the 31'd abroi'bed Jei'Ifm and conccntrated crude toxin. The serum employe
in this test was fractionaled and concentrated with 30-45 per cent saturation o

sulfate. The antitoxiiT content of the serum was 200 units per inI.ammonium

Thc crude toxin uscd contained 0,875 rug protein N per inI and 700 Lf per inI
deter mincd witlt the 31'of ab30i. bed fern?it.

The cjuantitative precipitation test was done as descril)ed by Heidelberger an
Kenda11 (1935) willt a slight modification. Thus, to a series of 12 centrifuge tubes

I, ,
Rill, l IC'. I

I711

,

Alli! in, 11

11,

,
,

SI*. 111.1 1:1, : I in '. I

,,

--

* 1'1
=.

Fig. I.

,11

Quantitative Precipitation of a Crude Tetanus Toxin with 3rd Absor e erum

11

I. .,..

I

F. I <:11, !,. I;,"^ 119
I if'.,, 11 { I, ,

1.11,11,

. ,

I I I,



were added increasing amounts. (from 9.4- to 262.5 14rr N) of toxin in a final volume
of 0.3 inI and a constant volume (0.3 inI) of the 31. d abJorbed feltim fractioit was then
added to eaclL tube witl} thorouo'h mixing. The mixtures were placed in a water
ballT at 37'C for. I ILOur and then in the cold for. 3 days. Then they were centrifuo-
cd and the resulting super natants were used for~ assay of the antigen or antibod
remaining unprecipitated. The precipitates \\, ere washed three times witlt 2 inI
of cold saline and then their nitrouen contents were determined by a modification
of tire Kjeld^hl N. ^^to" meth. d (Y. k. I and Aha^I"i, 1955).

Figure I summarizes the results o1)tamed. It may be seeit from this floure that,
with netweeiT 37.5 and 150 11gs of total protein nitroueit added, the precipitable
protein shows a linear increase and ITo detectable amounts of precipitatin, anti, err
or' antibody remain in the supernatants in the lineal. ^colon. TITis clearly indicates
that this regioiT is the zone of equivalence. Examination of the toXIIt and antitoxin
11T all the supernatants by ill uruo tcsis also shows that this is the case. The super-
natant of tube 9 correspondiiT^ to the end of the equivalence zone was found to be
slightly toxic. However, the toxin content was ICss than 11/04 of the toxin added
and thercfore the toxiciLy may possil)Iy IJe accounted for' by a trace of toxin con-
jami!jailing' or dissociated from toxin-antitoxiiT coinplcxes dunn. ' this procedure.
The arrow lit Floure I indicates the tube in whiclL 11Tc initial nocculatioit of Ih
toxin Lised would occur by Ramon's meniod will} Ihc amount of antitoxin (60
units) employed in the quantitative precipitation test. 11 will be seciT 11Tat the
Hocculation point (Iulie 6) is in the regioiT of cquivalence indicatiiT^ that the noc-
CUIatioii is due to a true reaction of to XIIT and antitoxin. From 11te slope of Ihc
linear precipitatioiT curve, it calT be calculatcd that about 41 I)er cent of the protein
added was specifically precipiiatcd by the antitoxin scrum.
3. Itemoua/ of Ih, exc, $J nil/joeii from Ing dbroibed $611!in

Considering the absorption proCCdure dcscribed alJove, it is readil ' under-
standable that a considcral)IC amount of tile heal SLalile antigcns in 11n/i"e"-"b should
remain as excess antigens in the 2nd or 31'd abroi'bed Jei'Jim and in fact this is so, as
seen in PhotograplT 4-. Morcover, in our experiencc, 111e presence of suclt cxcess
antigens in the scrum appears grcat!y to delay Ihc 11mc (Kf) of Hocculation, par-
ticularly when antigen of low toxin content is used. Therefore, allem Is were
madc to remove the excess antigens from the absorl)cd serum I)y the followinu
three methods.

I ) ,jinmoii!"in filtrate lidc/ionn/ion
To the 2nd abJoi bed $8i. "in were added appropriaIe volumes of saturated am-

monium sulfate solution (pH 7.0) and the precipitates obtained I)y centrifuoation
were dissolved in Mj75 phosphate buffered saline (pH 7.2). These solutions were
dialyzed against Mj75 phosphate buffered saline and antitoxin liters of the dialyzed
materials were assayed by 111 at ao tests. Then these materials-were eaclt sub'ected
to botlT Ouchterlony's jinmunodiH'usion and Ramon's Rocculatioil test. The res it
are shown in Tables 6.7 and Photograph 5.

This photograph shows that removal of excess annoens from the serum was ar-
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30~35%
Fr

(30.1ml)

35~40%
Fr

(30.1m!)

Photograph 5
Agar Gel Diffusion Pattern Demonstrating the Effect of Ammonium Sulfate Fractio-
nation of the Removal of Excess Antigens
The arrow indicates the line of the toxin-antitoxin reaction

2nd
absorbed

se rum

(30.1ml)

tially effected by ammonium sulfate treatment. Thus, the precipitation lines
between Undbsorbed serum and the 30-35,35-40 and 40-45 ', fractions became much
fainter than those between the Undbsorbed and original 2nd absorbee $87"in wells. Fur-
thermore, the former lines were considerably nearer to the Undb$076ed serum well
than the latter lines. This indicates that the contents of excess antigens in these
serum fractions are much less than that in the unfractionated serum.

Undbsoibed
serum

(30"/in I)

40~45%
Fr

(30.1ml)

T oxin

(1601/110/"I)

Table 6. Ammonium Sulfate Fraction ation of Antitoxin

45~50%
Fr

(30.1ml)

Fraction.

% saturation
of (NH, ), so,

30-35 %

35-40 %

40-45 %

45 - 50 %

Before fraction ation

* The yields are expressed as percentages of the original 2nd absorbed
terms of antitoxin units.

unitslml x vol (in I)

Tables 6 and 7, respectively, show the yields of the various serum fractions and
their Hocculations with a crude toxin preparation. Table 7, shows that the time
(Kf) for fiocculation of the serum is much shortened by fraction ation with low
concentrations of ammonium sulfate.

2) Column-chromatogr@#^y on 841h@of ex G-200
The 2nd absorbed serum was concentrated by precipitation at 50 per cent satura-

tion of ammonium SLilfate. Then I inI was applied to a column (1.3 x 95 cm)

110 x 50

After fraction at ion

unitslml x vol (in I)

70 x 5

220 x 5.3

300 x 5.1

210 x 5.2

Yield %

6.4

21.3

24.8

19.8

72.3

seruin
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Table 7. F10cculation of Toxin and Various Ammonium Sulfate Fractions of 2nd
Absorbed Serum

I serum
L~

30~35

I .Oml

E
=

35~40

=

o

E
E
<

6 units

8-2

40~45 I

+,

6 units

F10cculation

F, : Initial flocculation tube

Toxicity: death, number indicates survival days; -no toxicity
Toxin: 160 L-,-1101ml

of S, phad, x G-200 and ,Iut. d with Mj75 ph. ,phat, I, urnred allne (pH 7.2) at
a flow rate of 3.3 inI per ITour

45~50

10

F1

Uriabsorbed

+!

6 units

+,

I Kf(min)

-^ - ^ I^
+,

serum

10

F1

6 u nits

+,

10

+,

14

+,

6 units

10
F

+I

14

18

+,

10
F

3. U

14

18

+,

14

45'

:t.
E
.
CD
~

.

.

o 1.0-

18

?. a

30

110,110!I N,

Fig. 2. Sephadex G-200 Column-Chromatogram of 2nd Absorbed Serum

Figure 2 summmarizes the results obtained. Two proteiiT peaks appeared in
the chromatogram and most of tlTe excess antigens \\, ere present in the second of
these which \\, as mainly composed of antitoxin. Thus, it would be very diffucult

95'

18

145'

I 15'

10

An 1:9

20

An! ^ body

40 50
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to separate the antigens from the antitoxin in tlle 2nd offo168d Jeiwm I^, this procedure.
3) Zone-elec/1'01h0?23ir
Zone-electrophoresis Lising starcl\ as a supporting mediuin was carried out in

, hadrontal tyre anpyrotus us nest"Ib. d by Kunk, I and Slater. (1952) with a alight
modification. Concentrated 2nd "bJoibed rei'urn \-vas dialyzed against veronal IJufTer
(pH 8.6,11 = 01). Then 3.0 nil of this solution (10 per cent protein) \\, as used.
The electrophoretic patterlT obtained in the packed starcl\ plate is shown in Figure
3.

150

O. 5 '

O. 4 ;

"- 0.3 '

\

.

o O. ? L

Fig. 3. Zone-electrophoretic Diagram of 2nd Absorbed Serum

O. I '

As is seeit from this floure, one minor and t\\, o major protein peaks appeared.

5 10
.--.-.--.-. - .- -

15 20

Froci;on No

,, I

Ant ^ nod y

25

20 -

Libl

30

Alli!9.11

11/10/", I

Fig. 4. Relation between the L + 110 Values of Various Toxins and their Lf Values Deter-
mined with 2nd Absorbed Serum
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Antitoxin was detectable only in the last major peak by the ring test, while excess
antigens were dctected noth in tlte minor peak and in the more slowly moving part
of the 1st major peak. TITis clearly indicates that excess antigenic components in
the 2nd ribJoi. bed reinm can be separated by zone-electrophoresis without affecting
the antitoxin in the serum.

4. Rela/ton beltugejj Ihe in DID0 11/8/3 (L + 110) of adj'jot{5/18$/! 10xi}I 1141niw!ionJ and Ihejy
ill alli'o un!"eJ (41) delei'milled refill @650ib, of rel'"in
The fiocculation titers of to XIIt PI. coarations willt various L + 110 doses were

assayed by Ramon's method using the 30-45 % ammonium sulfate fractioiT of the
2nd ribroi'bed $87 win and the relationship bet\\, een these 111 ai, o and ill alli o values \\, as
examined quantitativeIy. The results are summarized in Figure +

This figure sho\\, s that there is a linear relationship between the L +110 and
Lf values of these toxins. The correlatioiT coemcicnt was calculated from these

ten samples to be 0.96 at the SIonificance level of 0.05 and the critical value to be
0.82 to 0.99. A similar linear relationship I)etweeiT the combining power (Lb)
and the Lf values of tetanus toxoids was obtained in a separate experiment when
the latter were determined with the 2nd or 31d abro!bed fernm.

The present work clearly dcmonstrates that removal of non-specific nocculat-
11T^ antibodies from commercial pepsinized tetanus antitoxin serum can bc sansfac-
torny accomplished by a stepwise an sorption procedure with a concentrated culture
filtrate of a toxinogenic strain of 01. 181niit gro\\, n in a medium supplemented with
excess o1utamate. The success of this method is entirely due to the application of
suclt a culture filtrate as this antigen for absorption, for its antigenic composition
was shown to be indentical \\, ith that of the to XIIt preparations except that the
toxin content of the former was almost negligil)Ie. Indced, after t\\, o or three
absorptions with this filtrate, none of the precipitaing antibodies except antitoxin
were detectable by OuclTterlony's jinmunodifTusioit method, as clearly seen in
Photooraphs 3 and 4 and the yield of the absorbed serum was more than 90 per cent
in terms of antitoxin units. This is in rather sharp contrast witlT the result of Mo-
loney at a!. (1944) whose yield of absorl>ed serum \\, as only 28 per cent. The very
10\\, value of their yields would not be surprising since they employed crude tetanus
toxin for the removal of ITeat labile non-specific Hocculating antibodies from tetanus

DISCUSSION

antitoxin serum.

Provided that LITc ajisorlicd serum contains antitoxilT as a single I, recipitaUng
antibody, it is to be expected that 11Te serum woulcl give a single rlocculation zone
with any tetanus toxin preparation and the HocculatioiT \\, ould represent a specific
reaction of tetanus toxin with antitoxin. Actually, this Is the case. As shown in
Table 5, only a single Hocculation zone was observed and the super natant of the
initial HocculatioiT tube contained negiigible amounts of both the toxin and an-
titoxin indicating tlTat the tune represents a neutralizing point. 11T addition, a



152

witlt the 31 of 11630} bel Jei JIMi and crude tetanusquantitative precipitation test
toxin gave a typical precipitation curve representiiT^ the pattern of a single antigen
and antibody system. A{orevoer, the Hocculation point, which in Ramon s method
varies with the amount of antitoxin employed in the test, was in the region of
cquivalence of the curve

The lineal. relationship I, etweeiT the L + 11 0 of the toxins and their Lf values
using 211d or 31'1 fibJoi'bed $, I'd gives SII. orig circumstantial evidences for the Idea that
this Hocculatioil is due to a true reactioiT of toxin \\, 111t antitoxin and further provi-
des strong support for the suitalJility of these absorbed sera for use in in aji!'o titra-
lions of tetanus to XIIt or toxoids. Indeed, using 2nd or 3rd alJsorbed tetanus an-
titoxin serum, various toxin and toxoid preparations it ave I, Gen assayed successfully
I, y Ramon's method in our institute. The mean \, alue of L + 110 per Lf of various
toxins calculated from Figure 4 \-\, as found to be approximately 16, a value \\, hich
should be 10. Ho\-vever, as was reported I, y Relyveld 81 a1. (1957) 11T diphtheria
antitoxiiT tlie ratio appears to depend upon the proportions of T and y antitoxins in
the serum employed. This in^, I>e tlTe case in tetanus antitoxii\ serum also and
the value of 16 may I, e characteristic of the tetanus antitoxiiT serum (Batch No. 128)
employed for' the present absorption. 11 is 11Tus possible to test various tetanus
antitoxiit sera and to select the antitoxiiT ITaving the ratio of 10 for convenience
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