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uMMARY Stimulation of splenocytes from ICR mice by cell walls of 17 SPCcies
of gram-positive bacteria, and peptidoglycans and water-soluble enzymatic

digcsts prepared from some of them, and by synthctic A1-acetylmuramyl-I. -alan I-
o-isoglutamine (I\IDF) was studied in terms of initogcnic activity

All the ccll walls tested except those of AJI^^rococcw. , 4:30dei'/elf'c"r, regardless
of their nTycolic acid content and jinmtinopotentiating activity, ITad definite stimu-
Iatory activity on splenocytes. In general, the cell walls of mycobacteria, nocardia,
and stretomyces had strongcr niltogcnic activity than other cell walls. The inito-
genic activity of cell walls was mainly attributahlc to a peptidoglycan molety, and
thc activity was retaincd even when the peptidnglycan had been dcgraded into a
inonomcr or a dimer of its SLibunit, though a polymer ized form of thc subunits
exhibited stronger activity than the monomer or dimer. Definite initogcnicity
of synthetic I\IDP on splenocytcs from ICR inICc was also confirmed.

The origin of the unknown principle(s) that is found in the ccll walls of no-
cardia, mycobacteria and streptomyces and is rcsponsible for their potent initogenic
activity on inurine splenocytes \\, as discussed.

INTRODUCTION

There Ilave been many studies on the mecha-

I Present address : Department of Clinical Bio-
chumistry. Shimane IVledical College, Izumo,
Shimane 693, Japan

nism of the jinmunopotentiating actions of
bacterial cell walls, and of the minimal elfec-

structure, A1urNAc-L-A1a-D-isoGlntive

(MDP) (Ell. uz at a1. , 1974; Kofuni et al. ,
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1975b). The initogenic activities of cell
walls and related compounds in bacteria have
been extensively investigated, and cell walls
(Arum^ at a1. , 1976b) and p. ptid. gly. an^
(Damais at a1. , 1975 ; Dziarski and Dziarski,
1979) were shown to have strong initogenic
effects on inurine B cells. However, there is
some controversy on the stimulation of B
cells by monomers of peptidoglycan subunits
and synthetic inuramyl peptides. While there
are sevcral TCPorts tliat neither peptidoglycan
monomers nor MDF have initogenic effects
on in urine lymphocytes (Damais at a1. , 1975 ;
Specter at a1. , 1977; 1978; Watson and
Whitl, .k, 1978), w" (Titad^ at a1. , 1977)
demonstrated that AllDP, but not its adjuvant-
inactive analogues, exhibited definite inito-
genic effects on splenocytes of ICR inicc and
guine^ pig^. Igar^*I, i at a1. (1977) al^, ^h. wad
that A{DP had a initogenic effect on spleno-
cytes of DBA12 mice, and Damais at a1. (1977,
1978) found that MDF is initogenic on inurine
B cells in the presence of 2-mercaptoethanol
instead of fetal calf serum, but that adjuvant-
inactive analogues of MDF are not active under

Furthermore, theythe same conditions.

showed that there considerable dif-

ferences in the responsiveness of lymphocytes
from different strains of mice to the initogenic
effect of AIDP.

In view of these findings and the contro-
versial state of information on the minimum

structure of the cell walls required for inito-
genic activity, we carried out further studies
on the initogenic activities on inurine spleno-
cytes of cell walls and their components,
prepared enzymatically or synthetically.

fincterii, ,, I tt, bel '11/03, 's (H, ,Rv), NOCordrn coralfind
(ATCC 14347), N, ,a, dr" ,,, y, ,, batt, ,,'oof, , (ATCC
14898), NOCtr, dr" e, yth, 0001^\ (ATCC 4277), NOCn, .
attr grrrd, ,eri (IF0 3385), Styepto, ,, yces gayd, Ier,
(ATCC 23911), M, 'c, o00cci, s Iysodeikti, 113 (NCTC
2665), Strip/Iy!o00cc, ,s allyei, s (FDA 209P), Stap/Iy/0-
rocci, s ep^der, ,I'd^^ (ATCC 155), Styeptococct, s 1,111ta"s
(BHT), St, .cotococci, s saltbu, ills (IF0 3350), and
L, ,clubnci//,, s Flawtor, ,,,! (ATCC 8014). The cell
walls of act, '"onlyces DISCOSi, s (ATCC 15987) and
Styeptococc, ,s stingIlls (ATCC 10556) were generously
given by Dr. H. Yamagami, Osaka University Dental
School (Yamagami, 1978). Th" ."11 walls of
Gory, Iebacte, ','1,711 pornsett, 'ne (NCPP 177) were 1< indly
supplied by Dr. H. R. Perkins, University of Liver-

pool, England (Perkins and Niet0,1970)
2) Cell wall peptidoglyc"ns

Peptidoglycans of S. cold, ,',, 11ths, S. 111"tolls, and
L. pin, 11n, 1,111 were prepared by extracting the cell
walls witl, cold or hot trichloroacetic acid to rentove

a nonpeptidoglycan molety as described in the pre-
vious paper (Takada at a1. , 1979b)
3) Enzymatic digests of cell \\, alls

The cell \\, alllytic enzymes Lised were All-I endo-
N-acetylmLiramidase (Yokogawa at a1. , 1975), L-3
D-alan\, I-, lies0-2.6-dinminopimeric acid endopcpti-
dase (Katayam" at "I. , 1976), and SALE D-alanyl-
glycine and glycylglycine endopeptidase (unpLiblish-
ed). The cellwnlls of M. ^frodochroi, s, M. s"leg, notis,
N. cord/find, N. coyy"ebttctei'iodes, S. gayd, Mri, and
L. plantori, ,,! were digested with either the it, I-I
enzyme or the L-3 enzyme. The Deptidoglycans
of S. epideriiiidrs were solubilized by treatment with
the i\I-I or SALE enzyme. Details of experimental
conditions for digestion of the cellwalIs and peptido-
glycans were described previously (Tai<adn at al. ,
1979b)

+) N-Acetylinuramyl-L-allanyl-D-ISOglutamine
(MDP)

A specimen synthesized by the method reported
previously (Kusumoto at a1. , 1976) was kindly sup-
plied by Dr. A. Trioue (Daiichi Seiyaku Co. , Tokyo)

were

lv. IATERIALS AND it, IETHODS

I. Test I'mterm/s

I) Cell wall preparations
Test specimens \\, ere prepared as described pre-

viously (Kotani at a1. , 1970,1975a, 1975c; Takada
at a1. , 1979", 1979b) from the following bacterial
species : IV/ycobncte, 1'111, I r/judochroi, s (ATCC 18+),
Mycobncterii, ,,! $111eg, ,, atis (ATCC 19420), Anyco-
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2. !Vlettsi, yellie, it of the lilycofic rrc, 'd content of cell
red//s

The mycolic acid contents of cell walls of bacteria
belonging to the order act, ',, onlycetn/es, I'e. , A
an'SCOsi, s, M. ^hodoch, o113, IV/. $111eg, ,Juti's, N. coi all^^a,
N. coiy"ebncter, 'odds, N. ei. ythropotis, N. grrrd"er, ,
and S. grrrd"eii', \\, ere measured by gas chromato-
graphy mass spectrometry as reported previously



(Yano et a1. , 1978)

3. Deter, ,11Nnt, o11 of 1111toge, 11c ayetts

I) Animals
I\Tale ICR mice of 6-12 weeks old from closed

colony \\, ere purchased from CLEA Japan Incorp. ,
To1<yo
2) Separation of splenocytes

A lymphocyte-rich fraction \\. as separated from
the spleens of 4-7 mice. For this, the spleens \\, ere

removed as aseptically as possible, and cells were
separated on a F1coll gradient (specific gravity 1.09)
as described previously (Takada at a1. , 1979b).
This fraction is hereafter referred to as splcnocytes

In some experiments, splenocytes obtained from in-
dividLial animals were used to avoid the possible

innLicncc of alllogeneic effects in the assay of inito-
genicity Lising pooled sri!on DCytcs
3) Determination of initogcnic effects

Mitogenic effects \\, as assayed as described pre-
viously (T"had, , at a1. , 1979b). Spl. nocyte, (1.0x
10n cells) SIIspended in 1.0 nTl of RPN11 16+0 ritedium

(Nissui Seiynl<u Co. , Tokyo) supplemeittcd with
10% fetal bovine serum (Flow Laboratories, Rock-
in I", Md. , USA) and antibi. tit* (100 Ulml of
penicillin G and 100 11gjml of streptomycin) were
mixed with the test material suspended or solubilized

in 0.1 inI of RPNll medium. The splenocytes were

cultured for 48 hr at 37'C in a Iturndified CO2-
incubator, and during the final 2+ hr of cultivation,
I 11Ci of I"Hlthymidine \\, as added to each culture.
Then the 1'Hlthymidine incorporated into the cells
was measured witlT a liquid scintillation spectro-
mat", (A1. k" LSC-673, Aloha C. , T. ky. ). The
extent of stimulation of incorporation of thymidine
into splenocytes by a test material was expressed as
the stimulation index (SI), i. e. , the ratio of cpm in
the test culture to that in the control CLIlture. Four

replicate cultures \\, ere used for each test

RESULTS

A viscosus (ATCC 15,871
a) M rhodochr. us UTCC 1841
at M sinegmatE (ATCC 1,420)
a) M Iube, cuto, s IH, ,Rv)
a) N corellma (ATCC 14347)
a) N coryneb. clanodes (ATCC 14898)
by N erylhropoiE (ATCC 4277)
by N gardneri (1.0 3385!

S galdi, an(ATCC 23,111
M I'S. toxicus (NGTC 2,651
S aureus (FDA 209P)
S epidermids (ATCC 155)
S inu:ans (BHT)
S san^, rius (IPO 3350)
S sangus IATCC 10556)
L plantarum (ATCC 8,141
C corsetiee (NGPP 177)

I. Mr'joge, 11'c ofects of b"cteri@/ cell 20,113
Figure I shows that the cell walls isolated

from all 17 bacterial species tested, except
IVl. fy^$011ei'ktici, s, including cell walls that
themselves had no jinmunoadjuvant activity,
i. e. , those of S. epi'thrillidrs and C. pornsett!'ae
(K, torii at a1. , 1975", 1977), had d"haire
initogenic effects on splenocytes of ICR mice.
Figure I also shows that in general cell walls
containing my colic acids as constituents of the
nonpeptidoglycan inDiety, i. e. , those of myco-
bacteria and nocardia exhibited stronger inito-
genic activity than those of other bacterial

Species
(strap)

b

C

C

d

d

e

e

e

e

g
b

b

b

b
h

2

FIGURE I. A'litogenic effects of various bacterial cell walls on splenocytes from male ICR mice. a) Cell walls
containing mycolic acids. The mealT incorporations of I"Hithymidine per 10' cells in control cultures in the
seven different experiments were 2,444 cpm (b), 7,330 cpm (c), 3,267 cpnT (d), 3,389 CDm (e), 3,075 cpm
(f), 15,049 cpm (g), "rid 2,766 cpm (h)

10 Ag
46

Stimulation index t S E

8 2 4 6
100 A1g
8 10 12 14 16 18
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Species
(strain)

A us cosus
IATCC 1,987)

M rhod. ch, .us
(ATCC 18, )

M sinegmaiis
IATCC 19,201

N coral;na
IATCC 1,347j

N corvnebac!e, I'des
IATCC 14898)

N ery;biop, 115
(ATCC 4277)

N gald, an
(IF0 338.1

S ge, ,nan
IAICC 23,111

Mitogenicity
(SI)

5 10 ,

Faily acid content

(% Iw/wlof cell wall)
10 20 30 40 50

FIGURE 2. Correlation between the initogenic effect and
mycolic acid content of cell walls isolated from bacteria of
4,111,011iyceto!es. A, litogenicity was expressed as the stimula-
tion index (SI) when cultures were treated with 100 11g cell
wall preparation. Open and closed colun. ns show the con-
tent of total fatty acids and my colic acids, respectively

species. However, the cell walls of S. gayd-
Meri' (belonging to the order ac/1110/11yceta/es
together with mycobacteria and nocardia) had
the strongest activity among cell walls tested,
although they contained no my colic acids.

So we studied the correlation between the

(A)

my colic acid content and the inito-
genicity of several cell walls isolated
from bacteria of the order acti"0-

lilyceia/es. Figure 2 shows that there
was no significant correlation between
the initogenicity and the mycolic acid
content.

2. Co, ,!pariso" of the ,, znOge"ICiti'es of
cell foal/s rind pepti\ogly^cruzs

The initogenic activities of peptidog-
Iycans from S. epiderm, 'of r's, S. Inwtn"s,
and L. plantorw", were compared with
those of the corresponding cell. walls

5

(Fig. 3). Th, p"ptid, gly. an^ had
than thestronger initogenic activity

cell walls on a weight basis. However,
considering the yields of peptidog-
Iy. an^ f". in th. coll wall* hared (86%,
51%, and 39% for S. epidermidrs, S.

111"td"s, and L. PIn"tnru, ,I, respectively), there
wei e no significant differences between the
initogenicities of the cell walls and the pepti-
dogl}. cans. Thus the results SIIggest that the
initogenic effects of bacterial cell walls mainly
depend on their peptidoglycan molety.

(c)(B)
S epidermidis (ATCC 155)

"
co

+I

K
"
t,

4

3

9 ?
.

.

E
co

5

,g! 105 ceils"g '10' ceilsre '10, cells

FIGURE 3. ConTparison of the initogenicities of cell walls (0) and peptidoglycans (0) isolated from S. ep, 'der-
1111drs (ATCC 155), S. miltn"s (BHT), and L. pin, itnr!,"! (ATCC 8014), respectively. The incorporations of
1'Hltitymidine per 10' cellsin control cultures \\, ere 15,049 cpm (mean),. 1,648 cpnt (standard error) in (A) and
11,777 cpmt1,536 .pm in (B land (C)

S mulens (BHT)

4

o

3

----- I

2

64
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5
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3. Miloge", c actzbib' of
realer-30/1/6/,, e, Ity"Irr/IC
digests of cell roan$

The cell \\, alls of seven

species \\, ere digested \\, ith
either A1-I endo-N-acetyl-
inuramidase (glycosidase),
L-3 endopeptidase or
SALE endopeptidase. On
the basis of the modes of
action of these enzymes,

the endopeptidase digests
were assumed to consist

of polymer ized forms of
cell \\, all subunits linked

through a glycan cliain,
and the glycosidasc digests
were assumed to consist of

Species
(sira!n)

a) M rhod. chrous
IATCC 1841

a) M sinegmaiis
IATCC 1,420)

31 N coral1.3
(ATCC 1,347)

awl corynebacle"odes
jATCC 1489S)
S gardneri
(A1CC 2391!)
S e, !dermid;s
(ATCC 155)
L plantarum
(ATCC 8014)

TABLE I. Miloge"z'c acli'"1/3, o1 MDP on
sp/e, loci, res 1701/1 ICR ?,, 2'ce

Cell Walls
10 20

Experi-
mental

number

Stimulation index t S E

FIGURi: +. Mitogcnic nori\'its, of water-soluble cull \\, all di ests o
splenocytes from male ICR mice. to Cell walls containing my colic acids.
The mean incorporations of I"Hithymidinc per jo' cells in control
cultures in tite five different experiments \\ere 7,330 cpm (b), 3,889 cpm
(.), 3,267 .pm (d), 15,049 .pn, (e), "rid 2,244 "pm (f). 100 I, g (EU) or
10 fig (.) of test specimen was added to encl\ CUICLire.

M- I Digests
10 20

2

3

4

Sri

6

7

8

9"

10

11

12

13

14

15

16

17

18

19

Alean

Stimulation indextSE
(Mean ["H]thymidine

uptal<e in control
cultures, cpm)

3.35, .0.06 ( 2,686)

3.03t0.47 ( 2,766)

262.0.29 ( 8,136)

2.55t0.39 (33,233)

2.53t0.18 ( 2,693)

2.49t0.21 (13.257)

2.46t0.09 ( 3,420)

242,022 ( 1,914)

2.35t0.12 ( 3,047)

2.24t0.32 ( 1,406)

2.14t0.19 ( 7,509)

2.07t0.11 ( 7,330)

2.04t0.35 ( 3,936)

1.99t0.28 ( 3,075)

1.97t0.10 (12,479)

1.89t0.12 ( 734)

1.72t0.07 ( 6,665)

1.69t0.22 (13,402)

lint0.17 (38,252)
2.27 t 0.44

b \

b

L-3(0" SALE)agests
10 20 30 40

d

C

C

d

C

e

.

Dose"

exhibiting
inn XIm urn

stimulation

d

\

ti

d

either the monomer or dimer form (Katayama
et a1. , 1976; Yokogawa et a1. , 1975). In
general, the endopeptidase digests exhibited
stronger 11Titogenic activit\, tlian the gl}'cosidasc
digests on spl, norytes (Fig. 4).

4. Miloge"IC ch'ef/ of $11"their'c MDP
we attempted to Confirm oLir previous find-

ing that A/DP exhibited Initogenic effect on
splcnocytcs of ICR mice as well as guinea

pig^ (T"kith at "I. , 1977). T"bl" I ^h. us
that splenocytcs of ICR mice inclibated \\, ith
MDP show, on the average, 2 to 3 times
higher incorporation of 1'Hlthymidine than
control splenoc}, tes incubated \\, ithout A{DP,
though some variation in the activi^, \\, as
observed.

C

.

100

100

10

10

100

10

10

10

100

100

100

100

10

100

100

10

10

100

100

d

d

\

d

d

C

d

<

" Spleen cells obtained from an indi\, Idual ICR
mouse were used in the determination to avoid
possible allogeneic stimulation

" Dose ("g) of MDP added to the cultures exerted
the maximal stimulating effect. Various doses
(0.1,1.0,10, and 100 fig) of MDP *\ere used in
this assav
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DISCUSSION

Among the cell walls tested, all those capable
of theirof jinmunopotentiation, Irrespective

my colic acid content, exhibited definite inito-
genic activity on splenocytes from ICR mice.
Among the cell walls lacking jinmunoadJuvancy
by themselves, on the other hand, those of
M. bisodeiktic"s lacked initogenicity, but those
of S. epi'derm, 'of t's and C. fomsettz'fte showed
definite initogenicity. The lack of inito-
genicity of M. Iysode!At, 'cars cell walls was in
an. ord with th, report by D, mad^ at a1. (1975).
Cell walls containing my colic acid from my co-
bacteria and nocardia in general showed
stronger initogenic activity than cell wall of
other gram-positive bacteria. But the finding
that S. gayd?, eri cell walls, which contain no
my colic acids, had the strongest initogenic
effect of all the cell walls tested, and the ob-
setvation that peptidoglycans from three
bacterial species had stronger initogenicity
than the corresponding cell walls, suggest that

inoieties of bacterialthe non-peptidoglycan
cell walls, including my colic acids, were not
necessarily required for manifestation of inito-
genic activity on splenocytes from ICR mice.
it is pertinent to add here that the above
statement does not exclude the possibility
that my colic acids themselves have initogenic
activity as reported by Azuma at a1. (1977)
and also allow peptidoglycans to exert their
initogenicity more effectiveIy.

The present study clearly showed that the
initogenic activity of bacterial cell walls was
not lost on solubilization of the walls with
peptidoglycan-degrading enzymes. Polymeriz-
ed forms of cell wall subunits (endopeptidase
digests) had more initogenic activity than
monomer or dimer forms (glycosidase digests).

to be consist with theThis finding seems
report of CIOrbaru at a1. (1976) that a Sire-
pto?"yces alb"s G endopeptidase digest of
peptidoglycan of NOCn, 'of I" Jarb, w was definitely
initogenic on in urine splenocytes, but that a
Iysozyme (glycosidase) digest had no inito-
genicity in their assay.

The conclusions reported in the previous
paper (Takada at a1. , 1977) were that synthetic
MDP stimulated the incorporation of 13Hl
thymidine by splenocytes from ICR mice and
that MDF is the minimal structure for the

initogenic activities of bacterial cell walls on
splenocytes from ICR mice, as observed with
gum, " pig synen. cyt, ^ (T, kith .t a1. , 1979b).
These conclusions, however, do not seem to

agree with reports from other laboratories,
that MDF has no initogenicity (Azuma at al. ,
1976a; Specter at a1. , 1977; 1978; \;V'atson and
\Vhitlock, 1978). The discrepancy is pro-
bably attributable to differences in the re-
sponsiveness of the mouse strains used, be-
cause in preliminary studies we found that
^plan. cyt. ^ from BALBj. , C3HjHe, and
CS7BLj6j mice did not respond significantly
to MDF (unpubli^had hat^).

Another observation worthy, of discussion is
that water-soluble cell wall digests of bacteria
of the order Actino"!ycetrr/es in general had
stronger initogenic effects than those of other
bacteria. There may be somc initogen(s)
other than common peptidoglycan components
in cell walls with very strong initogenicity, and
further studies are needed to clarify this point.
Our finding may be Televent to the observa-
tion of Frenchinvestigators (Bona at a1. , 1974a;
1974b; CIOrbaru at a1. , 1975) that some frac-
tions obtained from Iysozyme digests of whole
cells of nocardia (N\VsM) exerted very strong
initogenicity on splenocytes. These workers
suggested that a initogenic principle derived
from membrane components might be in-
volved in the strong initogenicit}, of N\VsM
(Ci. "baru at a1. , 1976).
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