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Abstract

Muramyl dipeptide (MDP) is a minimal structure necessory for various biological
activities of bacterial cell wall peptidoglycans. MDP induces in guinea pigs the
granulomas containing macrophages and epithelioid cells differentiated from macro-
phages. This suggests that MDP differentiates macrophages into epithelioid cells.
This study was undertaken to gain an insight into the mechanism of activation and
differentiation of macrophage induced by MDP. For this purpose, the effect of MDP on
macrophage DNA synthesis was studied in view of the generally accepted fact that
DNA synthesis 1s decreased when cells differentiate.

Guinea pig peritoneal exudate macrophages actively incorporated *H-thymidine into
trichloroacetic acidin soluble fraction in vitro without macrophage proliferating fac-
tors. The incorporation of *H-Thymidine was almost completely inhibited by
aphidicolin, an inhibitor of DNA polymerase- ¢ and an autoradiograph showed heavy
labeling in nuclei of about 20% of macrophage populations. These results indicate that
the observed thymidine incorporation reflected a DNA synthesis for replication.

When macrophage was stimulated by MDP, the *H-Thymidine incorporation was
markedly suppressed while “C-glucosamine incorporation and production of monokine
were increased. The suppression of *H-thymidine incorporation by MDP was not due
to the decrease in thymidine transport through the cell membrane. An autoradiograph
revealed that MDP decreased markedly the number of macrophages whose nuclei were
labeled by *H-Thymidine. These resuts indicate that suppresion of *H-thymidine incor-
poration by MDP was due to a true inhibition of DNA synthesis. Among the three
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tested enzymes involved in DNA synthesis, only thymidine kinase activity decreased
progressively in parallel with the decline in *H-Thymidine incorporation. Cyclic AMP
and PGE;, both of which are increased in amount in macrophage by MDP stimulation,
suppressed DNA synthesis of macrophage. Phorbol myristic acid (PMA), ionomycin
and debutyryl cyclic GMP failed to affect the *H-Thymidine incorporation. Inhibitors
of cyclic AMP-dependent protein kinase considerably reduced the suppressive effect on
‘H-Thymidine incorporation. These results suggest that cyclic AMP or cyclic AMP-
dependent protein kinase might be play an important role in suppression of *H-
Thymidine incorporation. Concerning various analogs of MDP, a close correlation was
observed among the capacities of activating macrophages, suppressing DNA synthesis
and inducing epithelioid granuloma formation. These findings suggest that suppres-
sion of DNA synthesis by MDP may be induced by macrophage activation and represent
an initial event during the differentiation of macrophage for epithelioid cells.

Key words
Bacterial cell wall peptidoglycan, Muramyl dipeptide, Adjuvant activity, Macro-
phage activation, Epithelioid granuloma.
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R-OCH: MDP and its 6— O—acyl derivatives
Compound R-
H:OH MDP H-
H L18SMDP CH3(CH2)16CO-
NHCOCH3 B30MDP CH3(CH2)13
CH3(CHz)13 ~ CHCO-
CH3C-CO-NH-CH-CO-NH-CH-CONH2
BH48MDP CH3(CH2)2CH(OH) \
H CH3 (CH2): CHJ(CHZ)ZI 7/ CHCO-

COOH
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12 100p g¥x5- L THIRNEHRTH 572, A; X15, B; X400, C; X60. D; xX30, (H.E.gf),

NV MEWERTA, KEHAL L TORES TIEIARE (p-isoAsn) . 7z & UF|Z BH48MDP (r-isoGln) .
WMTHy, OB LEMBEAFEEREEED RWTVw  BH48-MDP (p-isoAsn) &, Wi dFH LEHEA
7258 FhT7 U anNy MEHE R S %2V BSOMDP FEEER L 2h o, Thbb, 6-O-7 )V MDP
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IV (o598 (B-NA Faxd) SRiERIRE)
LHIRaBERTF R ) B v & ORES Y HHIE W R
HICHFELTWD LW R TIZR sk
RS, RBREETEROBERO—2 L o TWA T
REMEZ BRI L TV 5,

VI. MDPIZ& B in vitro TO 707 7 — Uitk

MDP 78 LRIl RFE L BT L2 Rl L
72 EMRETE L T in vitro DA TMDP A8~/ 107 7 —
VEEMALT A LR AL 2, 1970448, iEFIE
RROESR 2 ZIT, HTLVWEER, e, H50IEFE
HEFE NG Tz, BIFEICHES T AHRBESES I
RETEXDL912H% YD, in vitro TORIATE 5
k9ot w207 7 — TOEHLE V) BEEIE,
Mackaness 2R & 2 Wiz Z 0O M4
HOMBE T 52 RBEIEAD, TUEL w07 7 —
T Efb~rsa 77— AL LICFOE
BEaRDHLNLY, o ra7 7 —VOREERDTT
HEix, VNEROEET L) 734 12X oTH
oE&NBEEZLNTW 2, B, 1970 DKL
NEHEFT, =777 =237+ 4212&-oT
DAEHLEINE LEFELLEN T D THDEHY, &

O

X6 $EFRERMEHE. M) o /NBRTREBENAT Y MIE TS MDP OX LR MRS IERRLEE
MDP 100 g% Freund DARERT ¥ 28y MR CHAKEILANIC LTS v PREBICES L. 3 BRIZHR ) >/ E
DIRBREFNEE Rz, HIBY VSEI AR B L MBNFESTER Sz, A; X 86, B; X220, (H.E.

Beft)
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B7 X—FKZ3v MIHH3 MDP O LK #MASER R 4E
MDP 100¢ g% Freund DREET ¥ 28 MR UHMAKBIANC L TX— FT v FEBECES L. 38%ICE8Y
> NE ORI RACE B SR Vo SENC B o SR A SFIE AR S uts, A X 500 B : X 200
(H.E.%:f)

BOE [HE MR G AEEY VR BRDBE R LIC
07—V REMHILT A LW IHEERFEN L &
W, BEVEY MVEBERE<Z7O9T7 7 —=U9 51 VsER
EEICHEE L7 in vitro OEBETTMDP &< 2
077 —VIEHSE, ZO8E, MDP Tl # &
Niz=rua77—=23) 7104 CEEEESR
e LARIZFERR L EALE R Lz, BB, w7077 —
VEEMIE (B8, 9)7 %, BRBEADOMFB L UM

—

1
*

RO (K10)* 9, “C-Z L a4 3 Oy Ak
mY, O DEBTTED <07y — 0L D
BREDY) Y NBRROBE 2 LI MDP 2 X h HEED
bz =70 77— YBROME % LIiIciEY
fLEhbe V) ZEEHSMZITHLIENTES, #
DEPOPICEETH > 720E, F0OH%E L OBRY
RENTCZEDNLLEBLCHITAERHI Y, F7-,
Lederer, /NG5 DRI L o TREKT, PFLEBD

e

F8 MDPICLDEITEY MERB~IOT7 7 - OBEERIEREE
10% 4-Ba A MLE 70 TC19955 31 MDP 104 g2 M E B A EE\ML 2 o BB A H T AEME IS D~
707 7=V OFEFEEMRI, MDP 10p gikiIBETIX~2 07 7 — VOFEEMIESBR S Lz,
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Migration index (%)%

7 AR #g/ml 20 40 60 80 100 TV any RERY
1 1 — 1 .

MurNAc-L-Ala-D-isoGln (MDP) 0.1 o0 +
1.0 Qoo +
10 oo +
MurNAc-L-Ser-D-isoGln 10 }L o +
MurNAc-L-Ala-D-Glu 10 [ 1) +
MurNAc-L-Ala-L-isoGIn 10 o0 -
MurNAc-L-Ala-D-isoAsn 10 ®¥ -
MurNAc-L-Ala-L-Gln 10 20 -
MurNAc-L-Ala-D-GIn 10 o oo +
L-Ala-D-isoGln-L-Lys-D-Ala 10 o0 -

9 MDP&HLUMDP7FOJILELZEINEY MNERRBRH<I7OT7 7 —JOWEBIERISE 7 2 2/8 > FEEORE

FEIEE8 IR =,

a) (7 A MEIRIEECOEEEMFFRMBETORERE) X 100
b) Z Ny HEE & LIIMPARIAK E LTENE Y MRS LABROUREA L & O EER 57 8 KOG FHE

ﬁ?i’ﬁi%‘%t Lf:o

Control

MDP 10 pg/mi

E10 MDPIC&BENEy MERBIHT 707 7 — SOBEADMHE & RN
Yy 07 7=V 0% FISH M RITCI995 M1 MDP10 x g % VAN L MBS RIS M O % & R OHIHE TR,

A; oy ba— i (XT75), B; MDP#MEE (X75),

ZWMDP ORRE A ZERTWErb %, TOX
) RS TELZERBAL TBE W,
BidLAZLdIZ, 2 a7 75— MDP #1/H
SH RO EERIEL, —R, v u 77—
UM L TWA LD IR DT, *H-F IV %
wWML7-&Z A, MDP i & 5T DNA & A
RIS N A Z EEF RV L2,

VI. MDPIC&B 77077 —SDFEMIEICEES
DNA A O#%l
—fElc, MHWCHEETAE/ AL w7 7 —

C; I8, #ILK (X400)

TIIRASMEMIRL (Terminal cell) THoHHh o<
07y —V¥ERFERMLZVA2EYD | in vitro T
DNA &8 T2 LidtvwEEZ LR TV, L
ML, BEOILEI/ST 74 CTHBLTEORE
VEy MR~ 077 —VICBT5EY, Zh
LORTERMTAIER LIS, *H-F3I T %10%
M) 7o EeEE (TCA) RNEBESICRY AL L%
RELZ9 L., v7a77—JICRhAEhsF
IV DNAEBRIZFHENTWA RS, ZhiRE
KDEZLIRLLBEETHD, 22T, MhAFh
2F IV OMBATORE%2 Schmidt-Thann-
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hauser-Schneider ®ZEHEIZ L 7205> THET L 72, B
NAFNIH-FIP 2 D8%LL LA TCA RIB T,
n#EiEFEEE (PCA) WERESICRB I (K6),
COFRIZ, MYATNAH-F IV A DNA B4
WHELTWAEZEERL TS, E6IZ, £—}F
VAT T T4 HBEOKED ., M S
N EN, CH-F IV Vi3 DNA Il A h
TWAHZ ERRLEY (H11), 2O, w7077 —
TOMBED TN ¥ T DOREIIERIOH—TH Y,
DNA HEBEBONY - 0FNE—FL, MhAFh
72F IV N DNA OBETIER ., BRICAHIN
TWDLZENERBENLDT, RICEETHLH
EI) D EANT, EFMLO DNA #584% DNA R
AT =B qllkoTHbRTWE*Y, Z#ZTDNA
RIYRATG—E o« OFERAGZHERN THET 74742
U TS5ABMEL-v 707y — JIZDonTHR
EZA, 'H-F 37D TCA RIBEG~DED A&
774743 P ORREICKEL THE S AY
(H12), T~ 77—V H-F IV V2 HPH
WhArgE7-%. DNA HEOEETH 5 Okazaki
TITAY VO ERARIEZA, TOTFTT AL

A Cohfrol

=11

EIEY MNERI/OQT7 =D - ST T5T7 14—

XS

itk

EIEY POFKE/NS T 1 LRIBEREY I/ QT -
DEEFNDHF IO AH

HF IV VE A& (CPM)
EHEEERRE (n=3)

115,493+11,524

&6

wra7 7=

TCA AEE 5 110,591+12,637
TCA TWEHES 3,946+402
m# PCA TWIEES 102,007 +9,461
m# PCA NEES 2,500+£493

I X10"ED~27 07 7 —% TC 199 b 10mlIZ iS4,
5u4CiDHT I ¥V 2Nk, 24BBIRERE L 72,

v/ wa7 77— %EIP L. Schmidt-Thannhauser-
Schneider D ZEFE % FH T DNA B4 (TCA FHiE. Izt
PCA WEEIS) %187,

FOEEASRD LN, ZOLHIZLTIraT 7 —
DI AT N/ H-F I A DNA HEICFIH &
NTW5EZ EHPRER I N,

FNIZR LT, MDP 2k » Tl L& v s 0
77 =Tk, iGN (viability) H5WIEE/ #
A VEERRSE 2 DBEML TW B A, DNA ~NDH-F
ITVVORY AKTHIZHEERENICERICHR S

w077 —=VICHF I VY ENACURMEREE, BRI TA— NI VAT T T4 —%To7,

A ; MDP JEfmAtBRE# ., B ; MDP10# g/ ml ifhnsE##,

MDP FERMERE (A) IWPPHFIP Y TIRLVENSTI O 77— IhRbNE, RENESNLVENvraT77—
URTRY, — 5. MDPHINEE (B) i@ ~\nadhk<ws077—JidF oAbk,
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X 10°
C o~
Sw 4
5 =
[7]
5o
o
O
. 3 A
g8 X
£
e &
£ B 2 1
_'gv
£
<
re]
— 11
T

1 100 1,000
Amount of Aphidicolin (ng/ml)

12 ELEY MEEBHY IO T 7 —SADHFI DY
BAKCHTEIT7 773 OMEIER
10% 4 BRFIE RN TC19 st~ r a7 7 — Vi
IR TREDT 74732 % b SRS SE7,
*HF I YV %2 mx . 208 B %12 10%
TCA RBEBES~DHF IV OB AA R E L,
T = ZIEFHEERT, (n=3 )

HZEERRMLZ (KM13), #2 T, v7u77v—37
% MDP & —EhpliRs &%, HEREAR R GEC
X o> TDNA KR 27— EHE45%15, DNA R 25—
YaBLUOBOEEELYFTc MDP OFEMIC L 0 i
Mibsh/z<wora7 7 — YTl DNA HRICES5 4 5
DNA RV X T —F o {HEAIRAD L T2 (X14),
L7 L. DNA OBHEIZES5 45 DNAKY X7 -+
BiGEMEIZIE MDP iSNOsZBE RS e oz (K14),
X 52 MDP iIN#ETid Okazaki 79 7 A » F D4
b E oL BOONLo720, BleAiZ, M4
AHND L H I MDP IN#ETIZ DNA & AT 245
BT TICEHICBRL L TW5AD, DNA R x5 —
Yo OB IR BRI THO LN, D
I RBREIMMOMBETOEHEIND DS, ZOHEMEIL
RHTH LY, %8B, MDP # DNA K1) x5 —FH
STICEREH S S BERTIE, BREEA~DE
BE oK BoOONLh o722, UEDEREIE.
MDPMLHE |k > T 7177 — D DNA HEOH
HHRE B EEREL TS,

Rii, EFELEXZOME L LIV LBEHLzWEE
Z . J774-1 (macrophage cell line) %\ THEE%
IToTwb, ZOHRE, *HF 3V O AR IH]
¥ Thymidine kinase D4 FE M LHEHETICL 5 2

10099 o, {100
[ ,' S
E 80} / {80 _ %
> / E &%
£ 3 B>
£ eof / {60 | BE
'5 Ill ¢ aé
o [
% 401 \:/ J40 ' S
S &j 8
ES J N

20 F o] 1

S ~ 20
P *—eo—e
deOee ===

10 102 107" 1 10 102 10° 10* (ng/mi)
MDP or LPS

13 EIEY MERBHZI/O77—-JADHFITI L
B RAHIZIT S MDP OHEIER
<7077 %10%4 R M # I TC199 55 # &
TMDP (@) $5VidEEERE LTHWEE. coli
(0127 : B8) LPS-W () &24BBIRUS & €7, *H
FITVUEMA, E5IZ24BMEEESE . TCA REHE
GO AAREEPE L7,
%Y AH= (T2 MPERMBETD cpm/F A b
IR BB CDepm) X 100
(++O) ITMDP Rl L 5 TNF EEE %R T,

100

50

Percent(%)

1 i

0 24 48
Hour

14 EIEy MERBHE7O077—-SODNASHKSB &
UDNARYAS—HLNIAD MDP HEEAD
BFREBOHETS

(E. coli (0127 : B8 ) LPS-W & EEH L L TH
Wwz,) OB U@, MDP $» 5 Wi LPSEmML 7= B
DDNA 8D EIL, AB LU A, MDP 2% \ik
LPSiEIMZE 5 DNARIY A5 — ¥ ¢ LNV OEAL
2. VBIUVY, HL{DNARYAS—FLLA
NOEALERT, MDP BX U LPS D&, 10xg
/ml, ¥, 7 A MY EIERIMMBOZER TO
LAVEINOE LEFBEE SN TS,
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& (Immunology, in press.)® (K15). & 52,
Thymidine kinase DiEFMHETIZ Z DEFE D mRNA
OFEJUKTICL B2 L, F-EERSTHEEILE N
o077 —VEGHTHEELSHICBIT LR
HlEFEATRVWHLI, 5%, LD X BFT
Thymidine kinase %A%, FEEMICHFIE N L O
AL LTRSS v, HIBEICES LT
WHHAT (RBEH. E2F BIUOHY A7) V5) OB
BB RET T 5720 CkILER S (BIRBRFEESE
B FfEEk) LR ERBE L2 Z2ATH b,

VI. MDPIZ&37o7077—3 DNA SRRHI&IIC
532 7FRE

g 1500 I2dif72%2\vwMDP 25, =7 a7 7—
VIR LTINIEIEBLLIERTAZ L0 6, i3EE
OHOELLLET Y —OFELTHL ML EEZ
LHOITHROZIETHD, LI L%eH S, MDP
DLETy— 1T A2HEEIH LD, FLEHESIND
WKES TR, EZLH MDPOLET ¥ —0
HELBIT LW E B FREREB I kol 73—
ALRBEMIIEAETEL 2 F ~ [Ulex europeus
(UAE-1)] 2HWAEBRIZEY, Y744 L
+ 75— MDP Lt 7% — LB LGV L%
W]ELTWEP0, FEICOWTIEREFEDIT T

H

itk

Enzyme activity (% of control)

15

T\, B, L7y — BT T AE L
WHERWCOPRE IR TS0, [&
REBRE] #EZ2 DL TR BELR
WTW5, (ERfThbN TV EHEIC
WNTELETY—BITOFETIE) T v
PrRWEHICEbNhG,) Fhwz, FE
LTy =LY 7V RZEICDOW
THXRE, v 7 u7 7 — 3 AD cyclic
AMP &R0 FR L DNA &3] i3 % #
WCBEEST L Z e, MDP B &
FLPS 12L& o T cyclic AMP D4 fEBEE
DOEZIEUMET L, o0&, MiEN
cyclic AMP @ #® &4 LA L. cyclic
AMP kM E7a 54 > ¥+ —+¥ (A ki-
nase) AEH L ENE Z L, 5. MDP
W&o Twra 77—V OMBAA NS Y
LA K VEBEIZIIBESE L R E, F
MRSV T LREE PR SED LD
GAF /<A v ELEENSIETHH
FIVVORYARTTE o7 HEBEZIT
W2 Edbholz (B.B. A in press)®

150 1

50 1

-
.....
-
-

10 20 30
Incubation time (hr)

SEIERMBEIMICSLIEZT LPSHEDEBHT(L

<077 =W LPS (2pg/ml) Nk, —Ek
ML, IBAODNARY 25 —F¥o (-1
) FIVFF-E(-0-) BIUOFIVUE
BEEE (-O-) OEEERE L, mhEEza v b
O—-VeED (%) TRLZ,

RT7 HFI VW AHEMBEAC-AMPREICE L IZTR2OMEOR
52 M WE e B HF IV OB Y AHR - AMPRE
(%) (%)
None ~ 100 100
LPS 1 #g/ml 11 208
dibutyryl cAMP  100#M 9 N.D.
dibutyryl ¢cGMP 100« M 105 N.D.
cholera toxin 1 pg/ml 11 297
pertussis toxin 10ng/ml 91 108
theophylline 1 mM 9 234
papaverine 100 # m 13 252
[BMX 100 M 22 218
isoproterenol 500« M 21 271
PGE: 1 #m 16 274
TPA 100« M 102 101
ionomycin 10 M 102 93

a) JT74-140R8 (5 X 10°cells/ml) 27 A ME AR L . 2085 5 %74 .
HFI VY (0.5pCi) ML, 3045% TCANBETDOF IV %
BE L7 (2~ bo— {392,058 + 3,851 dpm), HOFfEIZa >+
D‘_‘)l/,tt (%) T%Lf:o

b) JT74-1#82 (1 X10'cells/ml) =7 A MEEHR ML .
FARH A2y AMPEER2BIE LA, (2 ba— L3124 + 0.8
pmol/10°cells), ENHMEIXT > bu— i (%) TRLZ, LD F
AMPEToU 77 —TRFBLAD, B, SEALTOMBAD
cAMP O¥MBH S dro 7z

6 s & o
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(£7)o MDP R LPSIZ X » Ciitfb s/~
77— D cyclic AMP HEBEEENED LI &
BECIK T3 ADA, F72 Thymidine kinase {&M D
T2, A kinase BED LI HICEE L TWBDH,
FMBA IR TR, S5, RTTRT L9 IZH
B cyclic AMP &% EH &€, A kinase # &M%
1L E2YHEIZDNA GRS EEH, UL,
EhA YEETIEEBIN Lo, MDP BXL U
LPSic&k2~2ru77— U DiEHILB L O51Liziz
A kinase D5 L 72 ERIER B LUNA D X 5 = X 4
PHEETHO00 Ltk vw, SBHELM L 2T
ZoRWI ENUEAZINTVE IIHIICEbNS,

X. w707 7—2EM{E. DNA SEEI s LU
¥ ERRARSFEMAORE M

it MDP O 7 + 1 7 R#%
Bk, HEMEEE, XTFF7Y
ANy, BEURTSFFT)Hh %
METOHL CH-EDD~< /0
Ty =V AREERE, ¥
VAt IO ARG, £/
A VEEMEBIOFII D
B AR 2 8RS U CRE L,
Z DOFER % H R MR R RET R
B, HHWVIIRET V232 b
e bk, 5ITRL,
TNVAFIORNAAR, BLY
) hA VEEEMEINSESLT A
N IETF I T O AAEH
HIL, . ZVvaydI ol
ABB L OE B4 BB
SHEHLRWVWTFAMNPERFID D
WY ARIZOHEBE G eh o7
(R 4), MM IHEREEMEILE
R AR NFEIERREB L 07 V2
N MEBIZDOWTHRD LN
(£4),

—#zi2. LML L T2 MR
® DNA &RE RS EilaD £
£ HENT, HIR—~r0 77—
VROMKBIZOWTH, B/ TS
A F—=>T7aE/)H A h BB
sa7 7= EMMbTHIC LA
T. DNA BKEBIZREICIKT
LZZEPHmonTnd (X16)®,

MDP |2 & i L SNz HBkBH L nid~wro7 7 —
Jik, EHALOERBE LT DNA A ERT S, #
DHEBIIETIZANT—2HH L TRAERE. 50
BZEDOMOEREL ED ., S S ERMBE~DZLIZ
WOMTEDOTIERVWZEA) 2?2 L+hiE, DNA D
AEHHEIIEER - v~ 07 = U oE E RN
TMETEBOIDAT Y TEWH T LiZhBH, 22T
B EEMBRAFENER SND D0 EAEED XD
5D b)—EFTLDOTARL, FOEHD—D
X, w77y —-YVoEHETHA ), v ra Ty —
JHEHALER 2 ¥ /2% v MDP T a 2z 7
RKBIRLA 2 ES L2 BEICiE, v~ 7 u 7y —J 0l
BHEE. HEVIINSLEYAFEIMES K S 128
Ehwht, v 7u77 - %ML+ % MDP B &

E16 <07 7—JMMECFESHEE(L Adams 5. Am. J. Pathol. 76 : 17-
48.1974% (2 L 720 Giant cell TV 2 DiFEMbLEN:- w2707 7 —
ThRE L7 ENMRTH S,
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G077 +a 7O kEIAF OESN TERENLA
FREZ, BRICOENICOEILERT, Z2OoKE& &)
RERICHERT LD ICHEEHMBNEREE 25
(R4)o TDXHIZ, v27u 77— VEHLEEEE
MRS RISEREIC A & ORI I3 L EES AL NS,
SHI, B EEMBAFEEERFICERSI D &G
Db IH)—2F, FNdI~ra 77— IEBT AR
W—EREE EF ), BHIIRB I CVWEE R
FoTwabZ bTldhwnwheéEZONS, MDP B X
U'MDP FEAE Y AW EBRERD Zo#H X
LTWa EHicBbhsb, $74bb, MDP idkiEk
DI THEET 2 L BRI EEBI S bR A,
HHKBEAKOE TRES IR L Z2WI L, o-
SRR L ARG SH 72 6-0-7 ¥ )v MDP & ik
BFAE L7 MDP &Rk, B ICHED 5 ik
FINTERNICTZO 77— V%RETLIZEICE-
T, BLEMBAFEZ R T 20Tk e»s9)»
(£5),

X. % =

7V anNY MESREBO X 1 = X L2 TIEERSY
ST RV, 5F TOMEER L BAWICHR
TEE, TNy MNEEEAETAYENS IO T 7 —
VERFERACHB L TIEEILL . B/ A Y OEA R
BOLERENC, v 7077y =YL RS
SEERDZERT U anNy MERRBEICIIEEL S
ETRZVDEAH i, BEEMBIEIZEDL-70<
FUEEAE L ALY R BEREITV. KE
POSHEEDE /) WA v BLUBELEEL TV L
Eibnb, i, EHftani~ro7 7 — 135
RICHELZEREL, 222, RIBCBEIIET S LI
R Z M5, TOR. #HiK) 3 izridLoL
T HRIEREFCBTES LA ML VHFHETFTTT
) RERIZEIE L KHBEERRRT D L9 & [RUSDH ],
Thbt, [RELELHNEL(CHFETLISE] 2702
INY FTIEHAL - M E Nz ra 7 7 — It L
TWVHEDTRBWES I . Gk, TORELEIEL
TR ELR b VwEBoTWnS, 4, 7Van
Y MEBMRBO A H = XL EHEBEHT 508 LW
DT, TVanNy MEBERICES LT EHRIL
TWwab3 7077 —VOEHICRBOEE L BHT 5
N, AR EEDLREND Lk, FNK,
MDPIZ&b~ru7 7 —VEMALICBL CTHRBEZE
THRERIZOWTRRTBE W, MDPiC L 5~
707 7 — T OWEHALIZEE L W LRSI AR T,

&

Tk

COHEEIF, v a7 —=IUP LT INRTF FOH
EEMOPOBFIZL > T [FEi#k] LTWwWaZ & aiE
WME5, 572 [500] (2% MDP 2 h
BEBLWHIRERT I ENSLET Y —DORELHE
WL, [HELRELDOIEHLL] LEZ TV,
L2L, HEFTOEZA, w7077 —=UREDL
L TMDP BEXFRNIIERT L2100 T
OWEELRBII 2V, VTARRLZIICLET S —
T EMETEH LD, TOEH (v A<
77—V ] ZHCTHEIITOLI TS SICHED
HELEHBbNDL, EESIEMDPIZLk BT
77— VA LICIIEEEH ), v v AT IO T 7 —
VIEMDP IZX o THEHIL SN W L 2HEL T
WBRRO O EELIT, ELEY MNEBEREY 0T 7 —
VEMDP LD HRMOEMIZL-T, w21
77— UHEALEN, BRENEILEE L LHEEDNS,
MDP i~z u7y—UoMlaE (L 7y —) %#l
L., BREERELEEILL., e oRBEMICE
ILEELCLERLDOTI> WA LIERIL TS, Dk
I R IERIERE L LT, cyclic AMP KM 7o 7
4%+ —+¥ (A kinase) & Ca*™ " #KEHE 7571
F¥4—+ (C kinase) 2iZ LT 2L FF— ¥
HREG Ly v YBALRIG A S T B
o EELIEIMDPICE ATy — UiEHALIC
v DNA AIIHI B S L5 8BF T A kinase @
BEGE2HEL TR, ZhEMDPICL b7
077 —VEBAEERIcSTEEFLH0TIER Y, W
Tl R7- & 9 ICHIBEA cyclic AMP g% R &%
LWEIE MDP R LPS AHC b IS T B8, #
NOSOWHIIMDP R LPSD LI IWZE A VDE
HELAEEIELILIETE Lo/, F0l, w71
77— VIEHEALI IO ERIZERVE S L TWE 0
oLk, (vr7u7 7y — ViEMILE DNA 45
&) |E D S AL, A kinase 255 L Tw
LAHEMATRIBE N/ E V) T EIZEEDTBEV,)
—#k@ & LT, A kinase D&M & Thymidine
kinase DIEHE T ED L 5 L¥FECHEL Tw 5
DPRNIZEENH L EZAHTH YT LDV E
ZZTw5h,

RIZ, BEHESOFEIZE » T [540EHi#E & MDP
OEEW] PELRMBAFEEERL, ZO8 LR
MERFERZRICIE, 4305 2 BRoBE» LE
ELBEWZEERLAE, COZ LTI a—-EEL
MDP #ARAHRERAE (2 3BT 2 8L B MRE P 3 I T 5%
WCBASTAHFTHLILERELTWEEEZ LR
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Muramyl Urinary factor S
dipeptide
NAM NAG 1,6 anhydro NAM
GH,OH CH,OH CH,—0
O OH o) \m
o)
HO HO
¢ HET WM g
CH-CH; CO—CH, CO—CH; GH~CHz CO—CHj
co coO
B TV E
CH—CH, L-Ala CH-CHy
B . - o SR
NH NH
CH-(CHp),;—COCH  p-Glu CH—(CHa)p—CO_
co emmeen.....000H_ 7 NH NH2
NH, CH—(CHy),—CH
meso -Dap do . oo
............................. I\I‘H
D-Ala (':H—CHQ
COOH

17 LT IT~NTF KE Urinary factor S DIEZEEE

5, Thbb, BELOSHIEHIBE-MDP &%

EEAREE L T OHE L. BEEEERRETICEL
THEFEI00FEM L L MEEWER | & [RERS
Bl W —EORKREFHLIZEVZEDTIE WSS
o SHEOFE T, BELEMBAFERE#EFO LD
MBI H L, v 7077 — % MDP Tl
5L, INF (fuadry), v7u77—VKE
Hf, A1y —af4x 1. A% —a4F*>6, 1
vy—uA X8, BEFMBENEERT. iy s
FGUTAYE,, AT ¥, TIAI =TV
AR TS5 4 DS SN D 2 LG SN TV 5%,
INHDOHETFREOMOKMOEREF, & HIZITHAH
OMEEREE LEMRBRFEORRICES L T
LEZONS, 5%, Ho2IIL2TThE RS20
ZEMLUREASINTL L) IZBbNRS,

ENVEY PBLPENVEY b0 77— U RHE
WS LI RESEELZ LR L TWDEAH, E
VEY ME YT ADL ) ICERZRBEHEEEEL &
WOTHIRE~ — D — OB HBEA TR NI LRy
o T,. TY k= ruy7r—SOMEER
MR TE RV, v ABIUL bOBE, s
DML~ — 51 — DIFENTBHEA TV S L FRFREIC, KA
R (HR) o~ ruT7r—Y. T Y UREB L

OB k& %25, REIB O in vitro ¥ 3# A1) fE
THhy, F/2%% cell line bDEFEL TV 5B, 5.
ENEY PTRID L) LEBIM @ primary culture
AR TH D, 72 cell line bEH|EMTH B, Fh
e, 72Ny MEERIAX A =X 0BT 5% %
in vitro TEHU EEDH SN LW LIXBAETH 5,

BIREIGEMTL T2 512 MDP B X OV LPS 25/R- 1
RIERBEZMEERICET AEE2 L TWwE, FDOZ
EERBRIZNH, FREFTICED A D Z X LD S
NTWRVWOT, BAZDL ) LBEPHE, 20
BRIZBRREET W& v, &FBICMDP I2H <
NRRIZTERKREFETH LK LTBY, 7V
N MO LI EAN A BE B LSS
EH LTS,

XI. b

FEHBOMEIIODWTR T RTARRLAD, RK&EIZ, H
ATOWMFEDILLENDFHK S N5 MDP EiE &
YIEDR T REARERICN S 2 EEENFFE IOV TR
RTBERW,

19824F, Krueger Sk FRPICHMEBESHE INT
WLIEIRME AR L, TOWEIKITO X ) =1L
Mg (N-7EF VT NVaHI=)v-1, 6-7 ¢ Fa N-

33) KYWHOGEBRINPIZKETH 2% BITB E 72\, 19714F Pappenheimer 5 Z25EDX F528 6 ¢ O #E
WA TR, SFEFIUATOT ) aRTI[L FTCHEILEMY 2 DA TH o7, F72. 1500 D
THFORPLRBL L) LRARZAMERIZN S h 572, 19804 Krueger Hix [5 > ] OARI DERL, 30

rg DERYWEERRL Z LB T,



32 KB

TEFNVAT INL-TITZIV-D-F VT I = )v-meso-
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