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uMMARY \\'ater-soluble adjuvant-active fractions prepared b , di estion of the cell
walls from several gram-positive bacteria \\, ith an endo-A1-actetylmuramidase

(!\'Iutanolysin) \\, ere shown to gelate the amoebocyte 11, sate of Tnch PIei, s trz'dentalMs.
the Japanese horseshoe crab. This finding was further extended by examination
of the clotting activities on the amoebocyte Iysate of a SI, nthetic N-acet ,jinuram I-
L-alanyl-D-isoglutamine and related compounds, either adjuvant-active or -inactive,
demonstrating that there are in general close correlations between the abilities to
initiate Iysate gelation, Immunoadjuvancies and pyrogenicities, although there are
sonie exceptions.

INTRODUCTION

As one of the endotoxin-like properties of
gram-positive bacterial cell \\, all peptidoglycans
(Ratt", 1975 ; Hey^iner, 1975), p. ptid. gly. an
specimens prepared by extraction of some

gram-positive bacterial cell walls witlT hot 10%
trichloroacetic acid were shown to induce gela-
tion of the amoebocyte Iysate of Lz'?1,141ws poly-
he"ms. the American horseshoe crab (the
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Limulus assay), although the gelling activity
was much weaker than that of ESCher, 'chia co/^'

endotoxic lipopolysaccharide (wildfeuer at al. ,
1975).

To elucidate the chemical structures respon-
sible for gelation of the amoebocyte Iysate b},
cell wall peptidoglycans, enzymatically solu-
bilized cell wall materials from seven gram-
positive bacterial species were submitted to the
Limulus assay. A total of 21 different syn-
the tic A1-acetylmuramyl peptides and
lated compounds, with or without configura-
tions inherent to natural peptidoglycans, were
also assayed for initiation of the Iysate gelation,
with special reference to possible correlations
with the p}, rogenicities and jinmunoadjuvan-
cies.

used for digestion

MATERIALS AND !VIETHODS

I. Prepn, at ion of the endo-N-"cety/"1111 o1, lidnse d!'-
gest of set:era/ gram-POSit^be bacterial fell realis

St, eptococci, s sanunri, ,s (IF0 3350), Styeptocotci, s
1,111tn, is (BHT) and Lttctob"Jini, s pin, ,tan, ,, I (ATCC
8014) : A specimen of 100 ing of cell \\. alls \\, as in-
cubated with 5.7 11g of purified Mutanolysin
(M-I en"yine, Yokogawa at a1. , 1974,1975) in 4.5
inI of 0.005 M sodium acetate buffer, pH 6.5 at
37 C, with a fe\\, drops of toluene as a preservative
After a 24 hr incubation, an almost completely sol-
ubilized cell wall digest \\as centrifuged to sediment
insoluble residue. The supernatant fluid \\, as con-
centrated under reduced pressure, and submitted to
gel filtration through a Sephadex G-50 column (1.5
x 70 cm) connected in series with a Sephadex G-25
column (1.5x80cm). The peak fractions eluated
with water, in terms of reducing power and meth-
ylpentose content, were pooled and Iyophilized

Other cell wall digests (Stophylococci, s allyei, s,
FDA 209P, Stap/, y/DCocci, s ep, 'derm, 'drs ATCC 155,
Microcorci, s Iysodet'At, 'ct, s NCTC 2665 and Acti"0-

Discosi, s ATCC 15987) : The conditionswryces

adopted for preparation were essentially the same as
those described in the preceding paragraph, except
that a solubilized material obtained by removal of
an insoluble residue was used as a test specimen
without gel filtration. The amount of solubilized
material was calculated by substracting the amount
of insoluble residue from that of a cell wall specimen

2. Sy, ,tilet, 'c A'-"rety/,,, 111'alliy. pepti'des a, ,of rel@!ed
cornpo, ,,, ds

The syntheses and properties of A, -acetylmuramyl-
peptides, -amino acids and peptides \\, ere reported
previously (Kusumoto at a1. , 1976). Syntheses of
6-0-acetyl- and 6-0-stearoyl-A'-acetylmuramyl-L-
alanyl-D-isoglutamine and of N-acetylmuramyl-
L-alanyl-D-glutamyl-glycine \\, ill be published else-
\\. here

re-

3. Assny. for geldti'o11 of tile amoebotyie Ij, sate of T.
tridentnti, s

A{eticulotis care \\as taken to pre\. ent containina-

tion of test specimens witlt extraneous endotoxic
lipopolysaccharide : All glasswares \\. ere thorough-
Iy cleaned and then heated in all o\'en at 250 C for
60 to 90 min. Test specimeits were dissolved in
pyrogen-free normal saline solution (an officinal), at
a concentration of 5 ntg!in I Linless otherwise stated.
if necessary, the solution \\, as adJusted to pH 6.0 to
7.5 by addition of 0.1 x sodium h}. droxide. The
neutralized solution of the test specimen \\, as then
filtered through a membrane filter (i\IF-I\Tillipore@
Vs with an average pore size 0.025 pm, Nihon
Millipore Ltd. , Tokyo) held on a 13 mm Swinge
Filter Holder (Sartorius-Nilembranfilter CmBH,
\\, est Germany)

To 0.1 in I ajiquots of Pre Gel (an amoebocyte
Iysate prepared front T. in'de"tati, s, Teikoku Zoki
Pharmaceutical Co. , Tokyo) dissolved in ampoules
with normal saline solution, 0.1 ntl alliquots of serial
dilutions of the filtered test specimeit described
above were added. Dilution and distribLition of test

specimens and dilutents \\, ere made by Lise of a pyro-
gen-free disposable plastic syringe with needle (TE-
RUMO Co. , Tokyo).

The ampoules \\. ere allowed to stand in an in-
cubator at 37 C for one hr, and at room temperatLire

at 5 min. For each set of test, the ampoules con-
taining either 01 inI of the Iysate and 0.1 in I normal
saline solution or 0.1 inI of the Iysate and 0.1 in I of a
solution a rigjml) of E. coll' 0111-B+ endotoxin
were set up as a minus- and plus-contro!, respec-
tively. Gelling of the amoebocyte Iysate was graded
as follows : solid gelation (+;F), incomplete gelation
(+F), increased opacity andjorincreased viscosity (+)
and no reactions (-)
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bin IIJs, Sty. ,, ruin"s, M. ly^sodeikt, 'CNS, L. plan-
tar""I and ,4. ciscos"s. The results are sum-

manzed in Table I, with some of the results of
the jinmunoadjuvancy assay. It is evident that
all of the test cell wall digests did induce gela-
tion of the amoebocyte Iysate at the doses ofRESULTS

25 to 100 11gj0.2 inI assa\, mixture. The
The assay for gelation of the amoebocyte Iysate A, Jutanolysin specimen \\, as found to be Inac-
of T. tride"jams has been made on an endo-N- tive at a dose of 250 ug!0.2 inI after filtration
acetylmuramidase (A'jutanol}. sin) digest of the through a INIF-NIIlliporeco \:S.
walls from S. dwi. ew$, S. epi'del inichs, Sty. sal- it is noteworth}, that the Allutanolysin digest

TABLE I. Gelntio, I of on Joebocj, Ie 13, srite of 7'. t, 'I'denjotus 61, the rid^toont-actzbe endo-N-acetyl-
1/1/'70mz'dose (I'll, 10nolj!sin) dz'gest of secera/ grani-post'title bacte, .I'd! cell tca!!s

+. assay 101' tile animi, "Odd!"tnntie$ rilld pyroge"ICitj,
test

These were essentialI\, as described in the pre-
ceding papers (Kotani et a1. , 1975a ; 1976).

Species (strain)

St, dpiij, /DCOCti, $

(EDA 209P)

Slap/Iy/ococc"s
colder, ,richs
(ATCC 155)

Streptococcus
$011'00, ','"s

(IF0 3350)"

St, 'cotococc"s
", wiring (BHT)

JuicyDCoccus

Iysodeiht, CMs
(NCTC 2665)

Lactobacillus

planta, ","
(ATCC 8014)

act, '"0, ,zyces

(ATCC 15987)"

aureus

Gelation of the Iysate
(/!gj0.2InI assay mixture)

500 250 100 50 25 10

++ +F

+F

Corneal

response
(48 h, )
AJIean

(Range)

++

jinmunoadjuvancy"

Skin response (48 hr)
Ervthema

(mm) in duration
Meant IVleant

S. E. " S. E. "

+r

+r

", SCOS"S

++

" The amount of test specimens was 200 11g/guinea pigs with S. epJ'den, n'at's cell \Tall digest. In other cases
100 Ag \\'ere injected.

" Average diameter of redness (mm).
' Ratio of double thickness of the skin injected 100 11g test antigen (ovalbuminyO. I inI saline to that of the

skin of the opposite control side.
of Ratio of antibody nitrogen in the test group to that in the respective Freund incomplete type control group
' The difference between the test and respective control group was significant at a level of 5% (*) or I%

(**) by the " Student " t-test.
I Not determined

, Data on the adjuvanq. were quoted from Korani at a1. (1975a), except those of the skin responses

2.5

(I. 0 - 3 . co

2.8

0.5-3. co

2.8

(2. 0 - 3. 0)

o.-

NDi

+F

18, . 3.2

Antibodv

level (Ratio)
AJIean +
S. E. of

+F

12t0.22 2.3t0.31

2. +to. 34

IgG2

IVlean

(Range)

ND

3.0

9t0.55 19,036

2.9

0.5-3. co

4.4 ti. I**,

ND

26t3.0* 2.9, .o. 15** 7.2 to. 45**

2.2 to. 39

2.1

(I. 0 - 3 . co

1.6

co . 5 - 3 . co

2.3

co -3.00

o

ND

2.9 to. 65

O. 55, . 0.08

ND
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2.0 ,. 0.21*

3.0

2.4

(I. 5 - 3 . co
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TABLE 2. Gelntt'on of amoebocyte Iysote of T. trzde"talus by N-acetylmi, rainy/ peptzdes and related
Compounds, adjit"ant-acttbe or -IMactz'"e, and pyrogenzc or not-pi, 70ge"It

L-Lys-D-Ala-OH

MurNAc-L-A1a-D-Glu-NHg
L-Lys-OH

MurNAc-L-A1a-D-Glu-NH,
OH

MurNAc-L-A1a-D-Glu-NH"

Test material

OH

6-0-Acetyl-MurNAc-L-A1a-D-Glu-NH,
OH

6-0-Stearoyl-MurNAc-L-A1a-D- Glu-NH,
OH

MurNAc-L-A1a-L-Glu-NH"

NH2

lv'IUTNAc-L-A1a-D- Glu -OH

NHa

MurNAc-L-A1a-L-Glu-OH

OH

MurNAc-L-A1a-D-Glu-OH

OH

MurNAc-L-A1a-L-Glu-OH

OH

MurNAc-L-A1a-D-Glu-GII, -OH
OH

MurNAc-L-A1a-D-Asp-NH*
OH

MurNAc-Gly-D-Glu-NH2
OH

MurNAc-L- Ser-D-Glu-NH2
OH

MurNAc-D-Ala-D-Glu-NH"

MurNAc-L-A1a-OH

MurNAc-D-Ala-OH

OH

MurNAc-D-Glu-NH,
L-Lys-D-Ala-O H

L-A1a-D-Glu-NH2
L-Lys-OH

I. -A1a -D-Glu-NHg
OH

L-A1a-D-Glu-NH2

Adju- Pyrogeni-
vancy" city (/!g)/

3 +"

3-

3 +"

3 +"

3-

Test dose ("g/0.2 in I assay system)

125'

500

16'

250

+F

+r

+F

++

+F

16'

O"

100

+r

63"

16"

O, ,

+}

50

> 250,

O, ,

+r

+F

25

>250'

I +,,

+r

+r

10

> 250"

O"

I-

250t

> 250'

>250"

> 250'

500"

O"

it Data quoted from Kotani at a1. (1975b). Unpublished observation
e Data quoted from Kotani at a1. (1976). of Not determined.

' Adjuvant potency \\. as arbitrarily graded from O (no adjuvant activity) to 3+ (strong adjuvancy) throuoh
I+ or 2+ (weak, but definite activity). I Minimum pyrogenic dose.

^

^

O"

on

O, ,

8

500"
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>1000"

>250,

> 250'

O, ,

O"

>250"

ND"

>250,

O"

ND

"

ND



of ill. Iysode!'AtICtis cell walls which was quite
inactive in both induction of delayed-type hy-
persensitivity and simulation of antibody pro-
duction, was found to gelate the amoebocyte
Iysate effective11. , like other adjuvant-active
cell wall digests.

Table 2 summarizes the results of assay, for
gelation of the amoeboc}, te Iysate of T. In'de"-
taiw$ by synthetic A'-acetylmuramyl peptides
and related compounds, witl\ the jinmunoad-
Iuvancies and pyrogenicities, most of which
had been examined in the studiesprevious

(Kotani at a1. , 1975b; 1976) and some of
which (the pyrogenicities) have been assa}, ed in
the present study, . It can be seen from this
table that there are close correlations between

the activities to gelate the amoebocyte Iysate,
p\To genicities and jinmtinoadjuvancies of test
synthetic compounds, with the following ex-

N-acetylmuramyl-glycyl-D-ISOglu-CGptions

tamine and N-acetylmuramyl-L-seryl-D-isoglu-
tamine were far less pyrogenic (the minimum
PI'To genic dose is 500 ,tg for both) and inactive
in gelling of the amoebocyte Iysate even at
the 111ghest test concentration (500 11gj0.2inI),
in spite of the fact that the latter inuramyl
dipeptide was shown to be an jinmunoadju-
vant more effective than A1-acetylmuramyl-
L-alanyl-D-ISOglutamine, and the former inura-
in}'I dipeptide was found to be definitely
adjuvant-active (Kotani at al. , to be pub-
lished). it may, be worth mentioning that
the adJuvant-inactive A'-acetylmuramvl-D-ala-
my'I-D-isoglutamine was not pyrogenic even at
the highest test dose (one ing). As regards
gelation of the amoebocyte Iysate, all three
inuramyl dipeptides whose amino acid adjacent
to the inuramic acid residue is not L-alanine,
but either glycine, L-senne or D-alanine, were
proved to be inactive with the dose of 500 Ag,
0.2 in I assay, mixture.

del'kiln, s cell \\, alls claimed that the gelling
activity of these peptidoglycans \\, as completely.
destroyed by digestion with egg white Iyso-
zyme and consequently the possibilit\, that the
observed activitv \\, as due to contamination of
test peptidoglycans with endotoxin could be
ruled out. This seems to be in conflict with

our findings reported here because, first,
A1utanolysin \\, hich was used for preparation
of water-soluble cell wall Iysates shares with
Iysozyme an endo-A1-acetylmuramidase activit\.
although A1utanolysin has a wider cell \\'all
Iytic spectrum than egg white Iysozyme, and
secondly, synthetic N-acetylmuram}, I di-, tri-
and tetra-peptides of the configuration in-
herent to the peptidoglycans of the group A
and L-Lysine type (Schleifer and Kandler,
1972) had a definite gelling activity. . The
reason for this discrepan^, between \\'11d-
reuer's study and ours is not known at present.

The possibility that the ability to gelate tlte
amoebocyte Iysate of test specimens obser\. ed
in this study was due to contaminating exo-
geneous endotoxins seems to be excluded in
view of the very close correlations bets. een the

gelling abilities, Immunoadjuvanaes and pyro-
genidties on the one hand and the chemical
structures on the other hand, as regarding svn-
the tic compounds, although there are some
exceptions as described above. In addition,
use of the membrane filter of 0025 pm average
pore size, \\, hich was proved to be effective foi
an almost complete removal of endotoxic lipo-
polysaccharide, for preparation of test solu-
tions, seems to exclude the possibility that ex-
traneous endotoxins spoil the present experi-

it was also shown by a control exper-
merit that a dose (one Itg!0.2 inI assa}, mixture)
of polymyxin B, capable of neutralizing about
ten times the minimum dose of Bacto-lipopolv-
saccharide B (Salmonella enteritichs) to induce
Iysate gelation, did not significantly affect the
gelling activity of the minimum effective dose
of A'~acetylmuramyl-L-alanyl-D-ISOglutamine
or a I\jutanolysin digest of S. n"yews cell walls
(of. Niw, and Harad, , 1976). Thi^ finding
indicates that gelation of the amoebocyte Ivsate

DISCUSSION

\\'ildfeuer at a1. (1975) who reported the activ},
of the peptidoglycans of group A Styeptococc"s
pyoge, Jar, S. awlti, s, S. epz'der"I'd^^ and M. b^so-

merit.

KOTANi, S. at al. amoebocyte Iysnte geloti'on by pepti'do dyed" $1,611"its 9



reported in the present study is due to an in-
herent property of the bacterial cell wall pep-
tidoglycan subunits.

it should be pointed out that the correla-
tions between the ability to gelate the amoebo-
cyte Iysate, pyrogenicit}, and jinmunoadjuvan-
cy turned out to be not perfect as reported on
the correlation between jinmunoadjuvancy and
pyrogenicity in a previous paper (Kotani at al. ,
1976) : The Mutanolysin Iysate of M. b, sorterk-
11'CMs cell walls were definitely positive in gela-
tion of the amoebocyte Iysate in spite of the
fact that the same A, Iutanolysin digest was in-
active in the jinmunoadjuvancy assay (a study
in progress, however, revealed that the Iysate
of M. b^sodei'AtICMs cell walls by digestion with
a partially purified Kyowa Iytic #2 enzyme,
endopeptidase, exhibited distinct jinmunoad-
juvant activities in sharp contrast to the Muta-
nolysin endo-N-acetylmuramidase digest and
the cell walls themselves ; unpublished ob-

setvation) and N-acetylmuramyl-L-ser\'I- and
N-acetylmuramyl-glycyl-D-isoglutamine
found to be definitely active as an jinmunoad-
Iuvant, but only weakly pyrogenic and Inert
in gelling of the amoebocyte Iysate unlike
A'-acetylmuramyl-L-alanyl-D-isoglutamine. in
the previous report, we speculated that there
may be some connection between the mechan-
isms controlling the jinmunological responses
of mammals to an antigenic stimulus and the
mechanisms regulating the body temperature.
In consideration of the present findings, this
speculation might have to be somewhat re-
vised.
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