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Summary

Insects respond to bacterial infection with a series of cellular and humoral defensive
reactions, including synthesis of antibacterial proteins, such as lysozyme, cecropins and
attacins. An injection of bacterial cell wall peptidoglycan (PG) or lipopolysaccharide
(LPS), induces antibacterial activity in the hemolymph. The induction by PG is a specific
response following recognition of PG of some definite structure in the hemolymph. The
specific induction by PG suggests an existence of PG recognition systems in insect. This
study aims to explore the molecular mechanisms of induction of antibacterial protein
synthesis by peptidoglycan in the silkworm, Bombyx mori.

When fat body from immunized larvae was cultured in Grace’s medium,
antibacterial activity was detected in the culture medium without addition of elicitor. In
the culture of fat body from naive larvae, antibacterial activity was not detected during the
first 7h of incubation, but the addition of PG to the medium, induced the activity during
24h of incubation. The acidic PAGE of the cultured medium showed that cecropin and
lysozyme were synthesized and secreted into the medium. The syntheses of the
antibacterial proteins were inhibited by actinomycin D or cycloheximide, indicating de
novo synthesis of the anitibacterial proteins in cultured fat body. PG from E. coli or B.
megaterium had high ability to induce antibacterial proteins, but PG from M. luteus was
very poor elicitor. The results suggested an existence of PG recognition system in fat
body cells.

PGs from B. licheniformis and M. luteus were different each other in their peptide
linkage structures, which might be a cause for the great difference in the inducing ability
of these PGs. To prove the possibility, linear uncross-linked PGs were isolated from the
bacterial culture media incubated with penicillin G, and tested for the elicitor activity. The
linear PGs from M. luteus and B. licheniformis were similary effective as elicitor. The
results suggest that the cross-linkage between adjacent peptide side chains is not essential
for the elicitor activity, but a bulky and charged pentapeptide bridge in M. luteus PG

interfairs recognition of the molecule. To determine the minimum structure of PG



required for induction of antibacterial protein synthesis, linear PG fragments with
different molecular size were prepared and tested for the elicitor activity. The minimum
structure of PG was determined to be two repeating N-acetylglucosamine-N-
acetylmuramic acid units with peptide side chains.

As the results suggested presence of a PG recognition molecule in the fat body cells,
detection of PG binding protein was attempted using ['*I]-ASD-PG, a photoaffinity
cross-linking PG delivative. PG binding protein was detected in the hemolymph after
-visualized the labeled bands on a gel of SDS-PAGE by autoradiography. In solubilized
membrane proteins from fat body cells, however, no specific binding was detected with
this method. For more sensitive and specific detection of PG-binding protein in
solubilized fat body membrane, BIACORE 2000 was used. With this system, a binding
of protein to immobilized PG on a sensor tip was detected. The binding was specific for

PG, since the protein showed poor binding for chitin or LPS.
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6ﬁ%ﬁ%%i6néﬂ.71/—w1#&ﬁ—€%uﬁﬁ?PGKibﬁﬁméh‘U
VF— LB I{ESF PG TREMALZ NN W, FEMES > 2 EIZES T PG 17
ibﬁﬁéméomo:thﬁﬁﬂ671/—w7*&ﬁ—€%tﬁ%ﬁ&>ﬂﬁﬁﬁ
ﬁ%MPGE%E%EtTéﬂ,%M%nﬁaat%ﬁﬁﬁmiDﬁﬁménéﬁmt%
XBhéo7:/~»ﬁ*9ﬁ~ﬁ%f@PG%%&)NU@%%ﬁﬁndﬁT\ﬁ%ﬁ
TN BHRERICBITS PG BAHIC OV TR I NE THEMAIL N,

AR L 72k D12, BBTIE, T 41K, B MM 810 & B 88 OHUENC £ 5 H /8 6
EE@%%&NTBEﬁﬁ%%#bEM#ﬁ%ﬁ®%Wﬁm®a@<t%i%ﬂfhéa
HAROREHEON T, MAROBEMBFEALDT I O 7 — D OEMIT IR
RERIEDO—DTHY. N/ FUT7HROBRS T VEBEM I NG, Th 5 IEEN
RIBIZE DHITHE < BRI < ETDS 751 025 DY ERIETH
DEEABND., RRZESTI /¥ A LRZBAMBHRETSHD., N5 T BT R
L. B THDSEE DRI AT L EARNRREREE TS, 2hik, T /) —
WEFLT—ERPANEY D REDKHCEBI AT LR, —EOBREIC & > THKEED
fﬁ%ﬁ&>/\°7§£%%§i§éﬁé“/Xi‘lﬁ&i@ﬂ:@r’@%i@éﬁfétc‘:%iBhén D
—HT, BVOESRF IOy VB EOHENSY > X BRI ST A &,
EE%E&%&BNTmtﬁ%ﬁﬁyNﬁEﬁi%@&@i%ﬁbfﬁETé:tm&
BRTEELMELMIFIEMS > X7 IRKRB LN CREI NP X FLO—DT
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RBAEWNEEXSNS. WICRROHEESY Ly BRESBBOMIIZE SO Iz8E 5
T AT BT M KIS OMEIR, WA O OBR TRIKS TARL TW S
IR BB AT ADRRBITORMN BT REENEI B NS,

ARRBEHCBNT, NIFVTRBICE OV EUBHEMS > /37 BHER ORI
ZAMEL, RIZEERTLLINY T 7HIEE PG ORBERR/MNEEDORE, EUR
HOBRETHABIBNWTBHEN LR TOWAVPGRE L AF ATV TRE L.
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BIE  [EURERRE AW inviro TOHENESY >Ny Bk

BIE S

HiAZ AT UT-hURR AR AR S 2 7 A FE DB HEBI & I3HBRA0IC, Sofsatae e
DIRNBHROERYE S AT L EHRT 5 RERRTO—D THDHEIES > /7 Bid.
NIFVTRBRINTBL Iz 7 —RFELT, BZ/OPIRTYI Y, FIx2I
ISR IS >/ BB < DREAMN S BOMoT0B, THE THIEHS
SNTHEZ FERAOBEPFREENE L TY DRV EH D VITRETF L IHh5EEL D
BERIELN. LBL, N7F) 7RO SHBEMNY >N B OFEBIZE 5 E TR
WAL TRSGEZZIHEAINTHARN,

FBES DO B N T U T EREEBEREOERNICENT S 2 & THhEHIzE
HIND P, Dunn 5 ORIBEAME BB TH S Manduca sexta 2N F— LADIMOH
WS DN B OBED, M. luteus HSROMBBETTIEMEATF R ) 51 2(SPG) DRI
KO TEIBDIEZRLE, i KO, BREBRICBALENY 7 7H%kIEH O
DYF—LICEDMRERT, TOMBELCTE PG Wil OGBS > /Y BERO=DHD
FHEATTHDEE X, Morishima 5 0 13 BHEEREED/NY 7V PHINEE PG HMiE
M N BERICHETH D T &% Bombyx mori $1th % W TH SN Uiz, B. mori 12
BT AT F RABHFLATEHIRE L 7-#6E 255D E. coli = B. megaterium OHIRIES SPG
ZHENUZBEG, FIENS XV EOBOWEESRENES NN RTF R
SEZVRIIRTF REBEE TS M. lueus BIED SPG I & HHESRIIENHDT
Holc. TORERII. NY TV THINEEE PG G EMNT DI AT ADEETH DA 3
WEETAHZEERBLTNS,

Bt Y >R BOERIE. EIChEik & IRIEN 2 WA ORI MY T 5 R 2
FolBEICX o TITh3, Faye 5 QI TONY T U7 HEH L THRE(LLE H.
cecropia WEDIENAHERRZE in viro TREEUZHATOHHEMY >NV BESRTH I &
BRLIZ, o, Dumn®Bi3 M. sexta 1HONEHh%E PG F7E T THEET 2 &b 2Hi
WS DN BEAFEEIND Z EERS ML, FERKEENT S L TRHOELT
DEXEZMANVSD in vivo OFRATIRAERHOMEROB S Z2BATE T, HRAZEINEDS
U=, Dunn 5DEK DI in vitro DRATF TIFIERRIL, N TV TR SHIH
S 2N BREETORKEDTLNIVTHRITS LT, BPRFHETHDEELSN
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60

FETE. A1 AEERDNY TU 7 1T DM AR AT L BB, &
DIEROTD DHRER DI H 1 AHBURIHED in viro TOHBMES > /82 BEER
ZHENLL, &7 OB RO F— A DB B ERRETI DN TRE 25 7=,
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W28 MERU N
2-1 #HE}
(1) A1
A4 3 (Bombyx mori C108) I AT (Y2 )L ~7 Ol SEEFEEEHRER) T
28T, HHRHTICTEENICHEL, 543 HEXIZ4 BEOYHRE RV,
FULEAOINE 70% 15 /=) (1 5D, 3%FV<U > (15 97 10%TH ) —)
(1 53f8) OIHTRY Z & TEBNIRL 728, F— MY L—T Tl U= I8 TS 215
Bl BE Uz, BREOSVARERBLEAY VTSR 7523 (Gooml 24) 17
ATEBZEAN A= I L—T L b0ZAEL, ZOP THERENEL -5 28L&,
MR THE MG L7z, BEAT LN 29 RBEN L - KR 7 L — h T
AL, TNZ 3TCT 2 B > Fax— kL, NI FU TEFOFEL T dikE
EAEHRBTH D Z L EMRB Uz, £z, MU EOEERMEITRTY )= ROFRIC
2=

(2) N25FU7

Bacillus licheniformis IFO 12195, Bachillus megaterium IFO 3970, Micrococcus luteus TFO 3333,
Eschirichia coli K12 IFO 3301, IIRIRAEBEFAFT LD AT U . 27 OV U BRESHETH
B E. coli D22st r)id, A IRV LKRE (AU x—F>) OH. Steiner BH&DHN 2
. TOMDING F) 7 ISR E RO,

(3) #

PHFI P BT v b - Do /4L, E coli O111:B4 B3R EEME, E. coli F583
HXUYR A, Saccharomyces cerevisiae WY1 EY >,  Laminaria digitate B13£5 3
TV TPZaNY bRTF R, Swaphylococcus aureus DT F RV 0 S RT3~
YFRTFF (Ala-D-isoglutaminyl-Lys-D-Ala-D-Ala), ¥ Y OAFT IR, PHF )4
¥ D, BIRVYF LR M. luteus FAESLIBERIZ Sigma #LEDWA L, F7-.
FFAVTHE @R :SBE 685 74 : 885 : 9B =68% :469% : 168% : 12.6% :
103% : 6.6%=wt %), F bH 2 A1) THE @85 SHE: 658 =19.6% : 482% :322%) 13,
RECRFEPEE TR AR EDEO 2,
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22 Hik

(1) A1 2% 5 OREHARBORH RO 3%

BRIV 1 2NIMBENERNC 70% L8 ) —)), WEKONETHRET & ¥
L. ARIIIAIC R Y > TRE(L L 725, ki U7zi# 8 B Ringer i(110mM KCl, 4mM
NaCl, 15mM MgCl, 4mM CaCl,, SmM K-phosphate pH6.5)% 7z U 7=, BEEHEUIBL .
WO NIRRT TEELLR, A ORMERE L, IBIEOME L%
DB ZRRHIICEE L L R &, AKORRE 2 BRI E LK% Ringer #T 2 [E¥%E: L7z,
UFUIBEBOFIRNEBET, ANTFNERCTIENHREZRER-> . LISk
1 Grace ST L, 27C, 1 KB L. BETAMERERWE,

RARERICIVZ Grace B3 (GIBCO #8) 13RX=Y > G # 10,000 Units/ml, Z k
VT RRA L UHRE 100 ugml EI2BEDITMATHE, 022um DAL T LT 4 VE
—THBREZT o> bDZRAWVWE, BERTH Somg BEOIEN A% 20041 O Grace 35
HZFON S ARBRE (15X105Smm) ICHL. 27CTIRE SH#E LA, —EHiES
DEHNIFIETE R, IBHAMEIIEL L TED, ¥ oY ERET -, £z,
Rt R N1 A WZBRRRIITRTA~ F I LT B2 NI L= b DE RN,
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B2 B AR 2 Grace B53h

Component

Inorganic salt
CaCl,
MgCl,
Mg,S0,
KClI
Na,HPO,

Amino acids

B-Alanine

L-Alanine
L-Arginine,HC]|
L-Aspartic acid,free acid
L-Asparagine,anhydrous
L-Cystine, dihydrochloride
L-Glutamic acid
Glycine,free base
L-Histidine,free base
L-Isoleucine

L-Leucine
L-Lysine,HCI
L-Methionine
L-Phenylalanine
L-Proline

DL-Serine

L-Threonine
L-Tryptophan
L-Tyrosine,disodium
L-Valine

mg/l

1.000
1.068
1.357
2.240
0.876

0.200
0.225
0.700
0.350
0.350
0.025
0.600
0.650
2.500
0.050
0.075
0.625
0.050
0.150
0.350
1.100
0.175
0.100
0.072
0.100

Component

Vitamins
p-Aminobenzoic acid
Biotin
Choline chloride
Folic acid
myo-Inositol
Niacin
D-Pantothenic acid,hemicalcium
Pyridoxine HCI
Riboflavin
Thiamine

Other
D(-)-Fructose
Fumaric acid,free acid
D(+)-Glucose
«-Ketoglutaric acid
L(-)-Malic acid,free acid
Sucrose

mg/l

0.000020
0.000010
0.000200
0.000020
0.000020
0.000020
0.000020
0.000020
0.000020
0.000020

0.400
0.055
0.700
0.370
0.670
23.680

Sodium Bicarbonate % 035 mg/l £725 X 512
WA 7=, ' IN HCl 5 IN NaOH %
pH63 & L7z, (BD 7 4 V& —2AiBI2&k D pH
MN01~03 LHTHZEZRBLT pH % 65

& LTz, ERRIIEH pH6.5)
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(2) HUEEMEORNE

IO AEROREIIZ, E. coli D22(sr) 2R ILE & LI FLEHR L Pl L DiTo 17,
FT. WOCIRo 1% 71 3 28 (%IERTILER, 1%BHIFA, 1%<XT R,
0.5%NaCl, pH7.5) 10ml iz XEOERHD E. coli D22, 2X107 cells MMZ. > % —LIT/E
F, RHEES AR T L~ N2 ERLE. ZOFL— MIEE 2mm OFLEHIT. #i
BIEMEOBEO B OREE 211 FEAL, 37CT—8i1 %2~ kUit FLOFD
KERENBNI FIO T EFTRIEMOEEZHEL. 12t 0> 9 2k 0ERL
TR & LB L TIE M 2R 2, 1ug O 2RERE Y O HMRE luit &L,
BB OGS 22 O Y M SED unit TR,

(3) VVF—LEHORE

U F - LIEEOREX M. luteus EIFRADOBER D EIET S Z & Tiio .
0.05 M phosphate buffer, pH 6.5 IZ M. luteus BB A% 02mg/ml &35 XD ITEB L, V)
VF—LZFUEEIAIE 5011 2 950 1l ORARKIHMREWICINL, 450nm 1CBIT 58
BERDZ 30CTRGEIIE Uiz, 1 SRICIEED 1.0 BOLIZEZ2DD VF—AENEE |
uit & UTERUz, F2, Lunit 130120 S F—LK 2 0 g DEMIHNST 3,

@) FNrE0RIE

SHEREOIEMHIC 1 ml @ 0.IN NaOH ZHX., BEWHRHEEICL-> TV —2a >
(10W,30sec) L, Al L LTz, D UMET VT R 2 2EHRE L U, Bradford 1 ®I2 & D]
BLUTRBNIth S /%0 BORIEETY, SREHPICEENS /7O S EES B VIR
VF—LIEE RIS > /X2 1mg Y720 O unit TR LU=,

(5) MERHARAND[H]-) 2> OB DAH

TEWHAERRALHLY P 2BMULY U7 AR DAZEHET B HE. AL
R Trenczek 5 "OVE Grace BHIBRBIZSEIZL, U U2 EBRO ISR T
B 7. WY OIRIHEOR#E L., h- 2543 BEOShI DIEE LEIENKE 10
1Ci ® [PH]-J PR 0.5mM DOFEEHRY 2> 2 G DB 50011 . 27CTRE D1
EL, i PHR) DV EMALBERIC TCA U LEREERHF 4 72> ho—
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WELi,

—TERRA 2 FaRX— R LY > T)VZ 1000pm T 5 AARIEOL, MeRasmics)
W7z, TERAAERNE 10mM U P> %&T S%TCA % Imb A ZHEH S AREDF 1 H—
ZRWTRED T XL, 3000pm T, 10 HRELLE. WEME Iml & 5%TCA, Iml
DLY /—=)-T—=F)UL:DT TNEN 2 EDODBLY% L, EEERELE. B
WHRRIRDS > X2 DYWBHPNT 1ml @ 0.IN NaOH ZMAFBLL, ZHUZ k51 ho-F
CYVVROYIFL—a SR oml MAMRIEAGHLY ¥ OR0ABREHEL
7=

A 2F 2 N— MEOBEBI P M E NN S DN BOBE, BLLTE N
HER\T BSA ZBACIRIE 0.lmg/ml, 1) ¥ 2% 10mM, TCA % 10%12755 & D IHML .
NS DR BELBE Bz, ThE 3000pm. 10 SREELL. 857tk s
DG LFERRIZ S%BTCA, TF ) —)V-T—F)1 (1:1) DNET2 EREL¥E L. 0.IN NaOH
THEMFR, WK OFL—2a s F—ICKVBROAENEPHLN) PUBERIEL
7Zo

6) RUT 2T I REZHKE)
& 2D DEKIKENT Hultmark 5 " OFEIZHEN, pHA3 OREMESIKEN 2175 7=, [*H]-
DI OBMORAENSY DY 2BEIKITBHE. 1 oF a_X— MEDIEEKIZ 80%
PR EIR D KD ITHERY BT L RMA, BOIU-HRE 3041 © 0IM U > EF kY
D LRRER, pH6.5 \EAMRL 1= b O 2K IR & L s,

Laskey " D/ HED, TV A TS 57 1 (DMSO-PPO BT K - TEkBIE D[ SHIES X
NeF NV BOBRMZITo 7. Fin, XBT7 4 IVARRBHE L., BBRE RN,
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I AR

(1) BERiBifkic k3% >\ BEmOmR

FEWHARARRIC L B in vitro TORBMESY >/ BOBMRERNIT B7017, HH LA
BRI ERNT in viro TERRY ST BRMTONS T L2 WA LR, £rOY
DT I/ BEFIRO) DO ERVBAZ LICEA L, HEMY > BOGRERTIE
EEUTHELZHBADIHL) D ORDASE WA, Hiz B E B oS
BRI SNTNS Grce & D, U 2BVLELOER -,

IR D HE U 22 OB DABIZIAIRS &b 130 48 KRS TR L Tia%
SN Fig I-1. i, MBERIKE TCA ILRL TE SN 3 AR5 b IS d
20 DEE EFRC, BRBEOBBIZEVCHL) P2 OB DAREN LR LT,
CORERIIDIZ &b 48 RERNIINERHAKLBROBIEOTFIETH D, AN 252 DAL
20, EERRIHRFSN TR Z E2FRL TS,
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60 |-

20 |

[3H]-Lys incorporated
(cpm x 10/mg protein)
5
1

0 | | 1 1
0 10 20 30 40 50

Incubation time (hr.)

Fig. II-1 Protein synthesis in fat body cultured in vitro
Fat body isolated from Sth instar larvae was cultured in Grace’s medium with

addition of [3H]-lysine at 27C for 48 h. At the time indicated, the tissue (@) or
the culture medium (A) was taken and the radioactivities incorporated into

TCA precipitated fractions were measured.
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(2) RERGFRERRICHI BHiEMSY >/ BO%E

MR B UNE S > 782 DEIEDY in viro TOREIBHATIRFEE ITHFhhTVS
EBERXBNI LMD, in viro TOREMES >0 BABERS . A IGiEES >
NRITHER, PG ZHEFNTIZETHEINBZEN S, HHMUH PG I2L D@L
PHOIEMHRIERGEME 2B TN in viro IXBWTHHENY ORI BOSHKE
O BDOLMEMENG, T TE. coli THHE PG 101 ZHUUTER L, AUERIZHigE
HARD 51D 6 MRHEBEROYRIEHAEEEIC A Oz, — OREHE L I-IikE i
ToE, HRMMERD SHETEEAEHITICRINEN, 0% 24 BlE THRINT
WHZENBHENT (Fig. 1-2). ZOREMIFERIKICE. coli SPG 2 S04 g/ml &755 &
DITHMUIBE, RS 5 WIS TI3ERINTHE U5 &3 IR CHBTER £ 7
AL 24 R RICI3EER W IEMERD b,

BNH O SR U Bk 2 8T 5 &, KM S, 7 M Tldgidis
PRI Seh o, I BITERERTS & 24 BRSSO TN ICHIBEIEE W
i (Fig. 11-2). ZORUBONBIGIHEIC SPG EIRML THERT S &, 10 BRI
K OFEERTIEEED RO 5. G U 290 RIS & R HEEIERI p D BTt
DEMATRD BNz,

ZD in viro OEETIIPEEE L) VF— LB EREINAFg [-3A). %

ISV F—LEEOMIFIEE L OBE L IZRZD, SPG ERMOBE THI%
BRSH 30 M SIRD NeFg [-3B), 7z, HEEBRG,S 5 MUKSEETTIE SPG @
BMOFEICLHEVIZRD 51T, FREEDOY /F—AEEIRIL I N2, SPG i
MUTZHATE 12 BN 5 ) VF— AR OB BN SN, TOME, K%
N5 48 NGB OEMh DD/ F— AR SPG BRI 5K 3~4 {HHHER <
Eo7z,

COPIRHERE) S F— LGOIV EOREEZEMNE L. SPG HRhnks &
MASIEIE RO TIRIEZ 24 REIERE. THEhOBERE & L TREaES )
ZfTolz(Fig. [M4). in viro DEBRIZBWTIENAEN BB LIS 280 ORI Y —
~(ane3. i3, HESHIRE L TRW L1 :lﬁJE{ZWE@iEA(IaneI HEREACTHH .

F /-, SPG 2N bf“% W% 2N BEFBEI W21 D GBI lane2) & DHBM 5,
SPG I ZE AW TR L EBBMAN Sty 0 U F— 2 pmahTtns
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EAREN: (ane 4). Eiz, Fig. 14 OT7NATY 57 4 ORERIIESHICIRMU I *H-
DO ZBMICITBRENEY OV RITMODRAENTWA Z L E2RLTHBY, Bz
WSNz IO LY VF—A, BRIEVHKICBNT de novo BRI T LAWS
NEREoe, E5IT, FOIIOAFVIR, HBBVRTIF /1> D w4
A, AR UBHATR 208 )/ F—L0O8BMHEEINEZ LS, ZhbH
WS >N B OFEREAMIRA T — I h S SN b O T2 de novo SRT
| BBTEEXEL TS Table. 1-1),
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Immunized F.B.
+ PG

30 -

Non-treated F.B.
20

wrt’
ot
.t
W
"
v

10

Antibacterial activity (units/mg protein)

s ?
----
et
.

e bt
-----

0 5 10 15 20 25
Time (h)

Fig. -2 Bactericidal activity in fat body cultures. Silkworm larvae were
injected with 10 4 g of E. coli SPG, then kept at 28°C for 6h. Fat bodies from
injected (@, O) or non-treated (A, A) larvae were dissected out and incubated in
Grace’s medium with addition of 50 ¢ g/ml of E. coli SPG (solid symbols) or
saline (open symbols). Aliquots of medium were withdrawn at intervals and
assayed for bactericidial activity against E. coli D22. Values are the means of
three determinations.



30

Cecropin

Added PG

. = 10

k2

3

£ 0 '
2
- Lysozyme
2
27
= Added PG

Q 4 r
<

2 —
| | | |

0 10 20 30 40 50
Time (hr)

Fig. II-3 Induction of bactericidal and lysozymé activities by SPG in cultured fat

body. Fat body from aseptically reared untreated larvae was incubated with ©) or

without (@) E. coli SPG (50 4 g/ml). Aliquots of medium were withdrawn at intervals

and assayed for bactericidal (A) and lysozyme (B) activities. Values and bars are the

means =+ SD of five determinations.

25



Coomassie Blue R-250 Fluorograpy

In vivo Invitro In vitro
[ L | [ 7

Fig. -4 Acidic PAGE of the larval hemolymph protein and protein secreted from fat
body culture. Left panel: protein was stained with Coomassie Blue R-250. Lane 1 and 2
hemolymph (10 £ 1) from untreated and E. coli SPG injected larvae, respectively: lane 3
and 4, fat body culture medium (20 ¢ 1) incubated for 24 h without and with 50 1 g/ml
of E. coli SPG, respectively. Right panel: fluorograpy of [*H]-labeled protein

synthesized in vitro culture without (lane 5) and with (lane 6) 50 1 g/ml of SPG for 24
h. A,B: cecropin A and B; L: lysozyme.

?
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Table 1. Effect of actinomycin D and cycloheximide on induction of antibacterial

proteins. Fat bodies were preincubated with actinomycin D (50 4 g/ml) or

cycloheximide (ImM) at 27C for 30min in Grace’s medium and then further
_ incubated for 24 hr with or without 50 ¢ g/ml PG.

Activity (units/mg protein)

BHIbIoR osE Cecropin Lysozyme
Control +PG Control +PG
None 16.4 381 522 96.0
Cycloheximide ImM N.D. N.D. 24 33
ActinomycinD 50 1 g/ml N.D. N.D. 8.7 6.8

N.D.: not detected
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(8) NI FV) TERIC X AHIEMEY /Sy BN

PIEHES >0 BOBEEBOZ I3, K1 JERCERNY 7)) 79 PG 2 S HEEE
TEEAT S ETITONZ. 0L in vivo TOERZTIINY 71) PR 5 7
DT FIVHNRIEHRIZED B £ T MERMIIE D% < OHIKRS T EDTFEL . Pl
T RO BOFRREEEMIT 5 L TIIRZ SD A OE 52T 5 = &bk,
| B THENY SN EHFEI BT D MEROBEMIC D WTRIT D728 in viro DRIZ
NI FUTHEEEENA TINE TERRRICIEHEORE LT o, Eh, NI T
I LPS DEEEMT D72, LPS EHBERSNIFIIRNY S LBIED B. licheniformis %
KBTIz, B. licheniformis OHIFAEE PG 13 E. coli D PG LRI U< ATF RS EHE
RIBUIMGEZ RS, BOBEIRERT ZEMHBNAERS TS, UV B USEL
7% B. licheniformis % 5X10° cellml &725 & SITHHICINZ, ZHETERBICIETED
BREIT - 2@ ll-5). PG HFMOBHE 8 MEHGEEIZ LY OV L EMEI R X2t
NI FTUTEEEMAIHE 10 MEUEL DRI hE, LML, T0O% PG SR
BRMMICENEI OB &) VF— LA ORELHFEIBRIN-, COMBITH D4
wwmﬁxutma%u7c;5m§ﬁyyhaﬁﬁgngMﬁgfmm:aéﬁ@u
N3,
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Fig. 1I-5 Induction of bactericidal and lysozyme activities by SPG or UV-killed
bacteria in cultured fat body. Fat body from aseptically reared larvae was cultured with
SPG from B. megaterium (50 1 g/ml, @), UV-killed B. licheniformis (5X 10°
cells/ml, A) or no addition (®). Aliquots of medium were withdrawn at intervals and

assayed for cecropin (upper panel) and lysozyme (lower panel) activities. Values and

| Cecropin

Bacterial cells

Lysozyme

Bacterial cells

0 10 20 30 40 50
. Time (hr)

bars are the means + SD of four determinations.
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() FERMEARTF R B T KBNS > RN R
D in viro TOHFIANS > NI EFECOWT, FBERTFTHS SPG DR L iEES)
REOHBIEZBRA L. SPG 21 2$HBRAEH U TRE LI in vivo DEBREERIZ &
% & E. coli O SPG {EF TIIHWHIBEE M OB HEAERD 515D, M. luteus f3E SPG D
HBH)RIJEDZ EDAS N ERS> TS D, 22T, FHENONIFU T & DIRBL
7z SPG ZHAIZ 00550 ng/ml &725 & SW2INK, NEWikE 24 BREEL . Bz
HEE NEMEEEEFIRE Fg 1-6). SPG ERMOBEAITHA, E coli SPG 2%
2D, 0051 gml OWBEX DHBIEMEOFEEITRD S, WE L7z 504 gml DEE
ETIRMBIZEOHIEERED LR SNz, —H, M. luteus SPG DEE, Sug/ml @
RINET, BERFEEMEOBHIIRD 5N 1JFD b O— L ERU TS, L8
THWERKFRMETHZ 50ugml BN THEEELZN A FOHEEET 141
2 units/mg protein T, ZODJEIXE. coli SPG KB LA, 0.1 1g/ml O SPG IEHETHES
NBWEHITHET B, 2D LI M. luteus SPG 13, E. coli SPG 2 H 1/500 FREE D3585
RUDBNZEERLTNS, XBICHERTOMEHANEZWNNSD, TOMDY))
N RNRTF RERWTRBRIZ in viro TOEBERG Uz(Table. 11-2), 50L& FEE.
BRI VA V70 8% S0pgml 135K SITMA. 24 FRIEHEORHIT 7 HE
SNHBEREUE Lz, REAODHERERRT S B-14 71 > DFF 2 DEDT
EFIUEROF M IR TRERIEERAND 5 Z EAMEZThTNWE ™, NYF
) 7 HiREE PG OMREED—DTH B N-7EFIN I aAHI > (GuNAC) ORYT—T
BY. PG BEHEFIRB-14 METHHZ LN D ZOBBPOBFEYRERF LA, O
hPO—)L EREEOEEL MBI, i, BT 50ugml ML THIEA
RO BNRNoT PG DRTF REHTHS PG peptide (Ala-D-isoGlu-Lys-D-Ala-D-Ala) %
FFLBHBBHVIIF MY LEAEDRE CBITICERMLES, ZOBE bIEmENL
BOLNIBMAoTz, PG LRI T2 /) =) AF 5 —PREEMLT AERETF & L T4
535 B-13-T)V I 2 &I D S I 3 OB BHIEER S TH B YA TH L icdk
DTHHIENS PN BOBEIB NN, A5, PG DEMETHD, 7
aNY MEWZERDT P aNy MRTF RIZBOWTHEIRITRD Shsho. chbh
TND PG HEME & bHEMES > N BOFERT-E L TOYRITES. T ORI in
vivo TR O MR & —F Ui~ (Table 11-3),
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Antibacterial activity (units/mg protein)

50

40 |-

M. luteus

W é/ /

i

0 0.1 1 10 100

Soluble PG ( wg/ml)

Fig. [-6 Dose dependent induction of bactericidal activity in fat body by
SPG from E. coli and Micrococcus luteus. Fat body from aseptically reared
untreated larvae was incubated with the indicated concentrations of SPG from
E. coli (@) or Micrococcus luteus (O) for 24 h. Valued and bars are the means
* SD of five determinations.
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Table II-2

activity in cultured fat body. Fat body from aseptically reared larvae was cultured with

Effect of various glucans and peptides on induction of bactericidal

the additions of various materials at a concentration of 50 1 g/ml, and incubated for 24

h. Values are the means * SD of five determinations.

Materials added Bactericidal activity
(50 14 g/ml) (units/mg protein)
Exp. 1
None 142+2.8
Chitin oligomer 18.9+4.7
Chitosan oligomer 14.0+1.6
PG peptide 18.7+10.0
Chitin oligomer + PG peptide 18.3t4.1
Chitosan oligomer + PG peptide 18.142.6
E. coli PG 46.5+0.6 *
Exp. 2

None 9.0x2.0
Laminarin 10.0£3.8
Zymosan 7.7x3.0
Adjuvant peptide 59+1.6
E.coli PG 31.6£7.0*

*Significantly greater than control, P<0.01
PG peptide: Ala-D-isoGlu-Lys-D-Ala-D-Ala
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Table II-3  Specific induction of cecropin and lysozyme by SPG and LPS.

Silkworm larvae were injected with various bacterial cell wall components or non-

bacterial sugars. Hemolymph was collected 24 h after the injection and assayed for

bactericidal and lysozyme activities, Values are the means * SD of five

determinations.

Dose Cecropin Lysozyme
Materials injected (u gflarva) Activity (units/ml)  Activity (units/ml)
Exp. 1
Saline N.D. 20+5
PG
Escherichia coli 10 252+31 218+45
Micrococcus luteus 10 2012 72118
Chitin oligomer 10 N.D. 59+9
Chitosan oligomer 10 N.D. 57+11
Laminarin 10 N.D. 53£12
Zymosan 10 N.D. 5419
Exp. 2
Saline N.D. 22+4
PG
Bacillus licheniformis 10 324+66 151434
LPS
Seratia marcescens 10 232485 143 +50
Exp. 3
Saline N.D. 56+12
PG
Bacillus licheniformis 10 262+56 154+48
Teichoic acid
Bacillus subtillis 10 N.D. 68123
100 N.D. 70£15
Lactobacillus plantarum 10 N.D. 75£13
100 N.D. 77+£19

N.D. : not detected
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W4l B

SPG ZHA LRI L 70 2H)shA S I U7 ISitE % Grace Hehbrh TR bk
T2 LAHETEFMU < THRAMAEED SR HETE IR X 41, D%
Dl Ed 24 FME THEEEOMIMEERENA Fe [1-2), THUI—E, SPG &
NO T T BRD S T ) & 2T SRR & L =Sk, TORBERT DR
WL IR < THMEL THEMS > XV BOBRETD 2R LTWS, BED

YR B LI SR RAEILIRIT RN, BHC SPG £ IIAS T & CHEE NS N
2o CORRIIHIENS > /50 BAAHRIC SPG HIEHISIHARIISIZIER LT B TIEEM AT
BABN, Eie, COWMFBEINBHEMNSY LY BIZIILE & brzroElEyy
F—LMTENTVE, BV T ESRD in viro TOHEIZITS 54 LHRDH 5N,
BT OE ARSI RBAN S 5~7 ME IR S hanat, Jy F— LGRS %
PROAEBR L DR B =Fg. [-3), N7 F) TGz Lo T THEI B oV
Y ERRY, VY F- AREEEETCOEELTWS P, Y VF—LRERIC
BOT, NITFVTBEOL T F )V EREE LI, HH s BRI DGR OFLET S
AREMEZR LT B, Faye BI3 H. cecropia B& 1N Drosphila D&% 00 Y B(ET R
WA LB TL R b EFRIMEERT 10~11bp DFEITL A > b DEFEZHLNE L™
s KB T A M%< OMALECERRETIHEL, EERFTHS NF kB D
B hELTHSNTNS, 20K, ZOKB TLAY MIFLL H. cecropia DY %
ROV F—LBIET O, B. mori 7T AT RUNBP I BEWZEIN, LpS ®
T07 rFF—E ¢ BHARITH B RN BN TAFIIC LS THEH I N BERT
MZDLIVRAY MAEETBZERRINTNE PO, O & VF—LBET
LEFITIGEL TZORMBLL A MEIET 2 Z 13, Dre< S BHEED ) S F— )
&I OEIEERERE 2308 T 5 AAEE S RB L TS,

EFRNCERIND VY F—LEINT 71U 7RI T DO HERO—D 22 5
N2. UV IREHZK ORET L7227 7D PEREEHICNZ in viro TIENIKEH%T 2
& SPG HFMOBEL DD LBNBAY, SPG & R WHIESTEN OEEARY 5.
CORERII, FIlES >y BBEEICRIC L BN 7)) 7 DA R, SHRINT L b E
TRV EZRRL TS, N7 5 PEIRIC L 5 HEI2NSHEANY 71 7 EAENE
AT 2 EBEZBNBH, FS LBMEORINENZIT PG BAEIZ T+ AR
BUIRS NV RS IR EDEUTHIEL, PG REATEHEIS A & HEfld 2 T AR (&
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WEEZ BN, BbEXSNATREMI, BERIAEE S ISR, S48 E DY
F—=LOINT )7 OANEEB1E PG &M B8, FEty o ErSEsh
REBABHNENTH B, ) JF—ARBROMOHNY 717 &L TOBEDIRS
T HIEEY DNV BEEICS IS TFELTHL PG Wik DAERRIZRE 59 2 AlBEM:AY
EZLND, ZOREEMETHT SIS HhDHTY F—AEEERRACHEL 7=
RIET, FRICNS 70 7 I L B EY R ERIAT 2 R EH S 5,
' —RRINT, ND T U T BRI B B OB R S S B RN S X
LIZEBBDEEZSNTOED, Dz b1 by SN EERIZEET I,
HERTTHS SPG DHEICH L THVERIEERL, FF 0% MY, PG XTF R
BERHLVIZENSOREY TRAEE XN o2 EM 5, PG DEELZY N THD
BHERTF RORER LI ETH D LHRIXND, X512, M. luteus B3O SPG
& B. megaterium HI3RD SPG TIIFAELNRITEOARD SN Z EMN S, BEENETHE 2
TERAERIZIE PG MEEDBNEMINT 2 AT LAHET B AREMA S M & o e, Tl
BARDIE M. luteus HIRIEE PG DIMEISTIZ) VL B EGDN I RTF RBEHET 5 7
EMB5, ZORERIED PG B AT L ES> THIFIZRB EEZ 515, L L. Dun
S50 M. sexta JEfithZ 1z in vitro TORBRAERTIZ M. luteus HIKELED PG Hii%
RFELTANLN, BOBEHRERTIEAWSMER->TND, ZORRITF Ul
AEHERIZBOTOHRERFICHT D58 AT AOBNE R L TWB 0N LI,
HHAEBOMAZEME LZFRE LT, cellline 2HWHENSY >Ny BOFEN S
HHBENTNS, FERMIRE VOIS NN T U PRSI L 04 L 3 RS
ZEZERBL T2 E3EZIT WA Drosophila HED mbl2 cell TIZ)NY 1) 7 sy
KXBHEMES > A BOREDHREINTNS o, ZOMEIZN 0 EI3RES
EHEROMBORIRERTEIBBH, D12 & HELS OV BEERT 5 BHOM
SUICEBNY FUT R LML, TDOL Y HIVEHIRRNICEET S Lt Ty — 0B 2
THHOWFET DRI E Z 5N B, & 510, PSRRI BOTREN- & 317 PG
HERRAICHBIES >V BHREINDZ LN 5, B. mori JENHANINLC PG Mt %R
BT BT —DEFET BTREMNE 2 Hh 3,
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BT FEEY N ERECBBERRTF R D> OB/NMEE

B HE

—RIZ, HABETONI FUT7RRICL-> TR 2RH, K5, BRFRE, </
077 =00 NEROEMAZ Etk 4 BRBMHEERR T, 75 LRIk R
3TH D) RELEHLPSY™ 2 L3z, Ml PG AL LTV A Z KB NTNRS
m;it‘M}@%ﬁ%ﬁ?%b?VJNVb&i?FM%%@ﬁ%EE@WEﬂ&
HonTws,

PG BRETONI FUTICHBE L THETHMMBELERDTH D, TORELH
EBRN-ZEFININOAH I (GluNAc) & N-7EFILALATI B (MuNAC) O B-
LARENDRDMBIEL, A5 IVRIEHETIEVARTF RENBLHRIN TN S,
RTFRBICRI D CBEDH B0V meso-P7 I ) A VE (mDapNFEL, +
NS0 e-TI/HEENL, BETHORTFRD C KIKEPBETHZETNIFY Y
MR OMBERBEZBRLTWS, 75 ABREROBE. TOMERBEELTIE
ERIUC T, mDap &F hIRTF RO C KMTH 5 D-Ala NEHLE L=, DAP ¥
AVO hMEBEEM> TS, —H., VS ABURICI IR P/BEE2EOD
ORBHD, TV PEMRENBEBEOT I JBENLUTEEBT DY 1 THE 0,

ZNET Morishima 5 0 [ 3H1 APIEHES > N7 BHEBICBWT, VI LRES
KU Bacillus megaterium 12, —8D 75 LABHEIZIET S m-Dap ¥ L 7 L&
BEZFHED PG ICHWHEESRENDD., M lwteus DESITT ) v DU E2EUK
BO7 I ) BRENLUTEETS PG TREVEEDRLIABN I EE2HSMIT L,
ORI ANDHRFEHED PG 2N FUTVBADI YT FINELTRBLT
WHZEZRLTBY, 5T, MIETRLEMBRENS S, 20 PG MEZRET 2
AT LMPIENY N BEABETHABUHRCHEET AHEENEZEISNS,
GETRAMIATHLSNTYS PG R#IAFLELTR, W12 7z /) — A F>
F—ERICBITD PG RS >V BEGRPEDH S 9, LhL, HEEy NV E
DEER)/F—LUBLTHSNBEDT PG Lo TRZIADICKML, 07
= NAF LT —VROIA — REERAT S PG IEHFTHD., EHF PG T
RIEHEnin, £, ZRIAVWSNTVNS PG I3 M. luteus IR TH D, Th
DA D PG EBEDORRAMCOVWTOMRIRRY, T, 7o /- FF ¥ —-V¥HRE
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FURES SR BB ERTIIEN BRI S 7= PG B 27 ADHEIN TV 5 THEM:
NEZ NS,

AETE, A AFEMY SNV BHEER BT BBERTELTO PG DM &
HEHREOMBIZHNSMIZL., FHICHER PG OR/MEEETET S 7= B8
DHTHEG LICESR PG ZRML., VY F—LATEIMASBRT B 212&D, X
RTENHEHED PG MH 2RBL TN 5> OB UY R E R,
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B 2 S RARRL & ik

(1) NXrZ5FUy
B. icheniformis IFO 12195, Micrococcus luteus 1FO 3333,
Escherichia coli D22, Arthrobacter viscosus D AFIIFE N EIZEZHRO B D2 BV,

(2) EHRATFRYVH oMY

SR PG I3 Mirelman 5 ® OFKEICHEN, 75 LBHERICR=I )Y G 2RML
REBREBETS L& > THEHHEK PG OR%ZE -,

MESETAAAE THR L NI FU T % 6,000Xg, 10 HREOBELICE > TEEL
e, EBAEHEKIZED 2 EEHFROET . RR-JIFRTROEFTEHIC 10
pngml ERBRITRZTV L G E#MA, RITEDHEEME L —B 37C TR S
DHBRETO. BEE BOCIo THAZRELEBONABEKE 10 AR
btoC@ﬁi@k%%ﬁﬁ@ﬁbhf%ﬁbkoLﬁ&%l”ﬁV*?“KiD
3TCTHSILAANS 110 BETERM L 2%, EH TRABIE (MW. 8,0000128 L.
0.0IM BFRRY > E =¥ MR, pH6.5 1M L 4°C TEN £1T > 72, BHTAIEE 0.01M
RERY > EZ U AREIKR pH6.5 12 & - TEM{L L 7= DEAE-Toyopearl 650M(3H ) —)H
Z L(A5X40mm)IZ Bt L 2%, 0.01-0.3M OFERR Y > E = LEHE pH6.5 O &S AR
KEXOBEHZTWSBELZ, £752 3 a > O—§% Morgan-Elson i * % AT N-
TEFIWAFIYTIDHEREZITV, PCE2EVHEL2EDHIEERL -,
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B EF ImM glycine

ImM L-glutamic acid

0.5mM L-alanine 0.17mM uracil
0.2mM L-lysine 3 1+ M thiamin

ImM MgCl, 8.2t M nicotinamide
0.1mM MnCl, 28.5mM glucose

0.08 mM phosphate buffer pH 6.8

(3) HMIRBEMERTF RZV N> OFgH

HER PG MBS NAENY FU PHEEZERL, ZhED Heilmann 5 90
TEIZHEN, MBS Bk ORBHEE D PG 2HE L 1=,

NIZFUTHIKE, BRBEEDIHEORBAKIIBAEL. BBRBOHSAE -
(0.1mm £, GMB-10)&-&bHH, Beads Beater 2 AWV THEEEKE LIRS BRI L,
BROWRZ MBI TRRE, HEBETAETHIAE—XRBEEE, FBE
BUXL 450Xg. 10 2MBELL. BETHIHIAE— X ERBHRMBEEREL, X5
IZ 4CT 14,000Xg, 30 SRBELTAHZETURLEARRBO PG B 2EBE. 0
PG W73 2808 %H L7z, B 10 5RO 2% SDSITMB L, 37C, 12 BRIGE L 7.
CNERFAKIZT 2 EELEHETSZ LT SDS %‘:ﬁ%‘b KIZ 5mM MgCl, &
0.05M Tris-Cl AR ¥, pH7.5 IZMB L., ZZ~DNasel 2 Sug/ml &5 LS ITMA.
37C, 2 RiLEE U 2 PR K L 7=, DNase JLER{%, #MEE 100p g/ml OF 5 FF—
T ERT37C, 12MHAEL, HBAIZT 2 REO¥YE L%, B 0.05M Tris-Cl.
pH7.5 R L. #WE 200ug/ml O ND T U EMA, 37C, 2 HENETS - &
THY N2 2501,

MIfEE PG IZIXT 1 OMAAMEGL TVAED, TNERET S BN TKIEBE
10% TCA IZ&LD 4CT 24 Bl L 2%, BWOLL, B5NELBICED 10% TCA
ZMA. 60CT 0 MMM T aBEBRELE,

ULDOREDRE, HBEKTSERLERZRVEL, 85N 00R % M1 bk
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SFPG ELE.

@) EDTFRTFRIY GO

RIREE 3K PG R VB BHIR PG 2 ENEH 10mg/ml &725 & D12 0.05M Befe7 > E
S LRER,pHE.S ICMB L., ZIAIAYYF—LA%E 1004 g/ml OBETHMA. &
ESULIHS 37C, 6 KA > F aR—FUINAMMEZFF > . KIKKZE 14,000 g
T30 HRELL. BENE EBAERRLAT SEZTKEMN pHEO 2B,
CM-Toyopeal 71 5 A(12X1Smm)EFE L VYV F— A E2BRELE. REESESZ2EHUOE
RERLRL 7218, 0.05M BERRY > B2 LWBEIE pH7.0 ICWM L. RO )L 585 E
DDA E LTz,

MilaBE Bk PG D4')L 333 Cellulofine GCL-90m 5154 (L% T%) i7&>T
TV, 2F& 10,000 B O A M PG Z2ERICA WS,

ESHIR PG D3FA . Superdex7SHR 1 5 L (10X300mm, 7 7 )V 7) % ., 0.05M
BT > B2V ARMEIK pH7.0 12KV, H# 0.5mimin THEILET o 12, XTF RS
BIZHRT S 2200m ORNEE=ZY—L. 5Sml FOHWLE, HSLDOF+ T
—33 i3 Blue dextran(7 7 V'Y 27) & chitin hexamer % W\ T - 7=,

(B)Y 2 /BT

MBHZ 4N HCL Z2IX. Y1 270F v PS5 U —Fa—THICHEL. 105C, 12 H
MARDRLUIe. FYESY—Fa—TE2IIvRIRNTFa—TIZBL. BLTZCZ
ETMARGHEROEBZEINL 2. THREBMEZBEIVRT KICE SRS TR0 IR
TIETHC ZRRELRE. 73 ) BEMFRIBCAN L, B LC6A 73 JBH
WORATFLIZE O L7=.

(6185 R D YIE
PG OFEBEHEIL, BILKKDO N-TEFINALS I VBREKRELFIRF NIIAT
BIELEZNVA—IVCUTEKRRDO N-7EFINATIVBREBERERTAZ &AM
L7z,

BAEHIR LTz 10ug @ PG 1T 02M KRB THEF U I ABRKE 20041 MIX.
HRT ISHERGSBEE, E5I260C, 30 M1 >Fax—hL., BTKEEE



PIbA—=IibEL7e. 232 2M BB 2 10001 A ST %8 )] X w718, WAL L,
TIJBOMOEDOUBEEIT >/, FIBEHEEI N-TEFILALSIVEE N7
FIWVLSIVP—)VOENBEZERL-E. UTORICLORD =,

N-acetylmuramic acid + N-acetylmuramititol
R ER = X2

N-acetylmuramititol

(RBEORE

RV GHFHETTHELZ PG ARBORVESHROBETH S Z L2RRAT
BIHEREY 2 ) BD lysine FREHE L=, 10ug D PG % 2011 D 80mM jHe K
RITMITLICHEML,. ZHIT Fluorodinitrobenzene(FDNB).L 47 ) — )L ¥4 1 (40 1 Uml)
Z22ul MABEL, HRT 12 BMRIEX B, ThEBEGRE, HEBTNKS®
U 7R/BAMICEDEROY D2 ERB Uk, KB FDNB UE L =iE &
BUABRORBFDO) P> OENKIZEDRD =,
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HWI3H MR

(1) ESKRRTFRIV AL BHEMEY NN EOHE

DAY >NV BOBRBERTTHS PG 2HA IMBRICHEHN L, HEDIZHEEaH
DHEEMEZRET S LT PG Ml BB R & OMBPE R L7, Table -1
KRESNDEICHVWHIEEMOFAENRBD 5015 Bacillus licheniformis &
Arthrobacter viscosus H13k DRINREE PG 12 Ho M. lutens OMIILEE PG O FEH RIZIE 1
BOTHol, ZOFBHRORILD ZFEED PG i % BT B &, B. licheniformis
& A viscosus DT F R, EHEFBLTWBORM L. M. luteus DHIFIEE PG DX
TFRERARIRTFRENLTERBL TS Fig.ll-1), TNENONYFU T
MDORBEEEZROVEESR PG 2L, MKEEHKD PG & LE L7845, B.
licheniformis & A. viscosus 13 WifRBEHMK PG & RIFRE DFEE R 21 LA M. luteus
DHFERMONT TV T LIZBL > HERERL. R TF REEEERL 2 &2k,
PELFEDREROEOIR LB ENH LN ERS T2,

COFERIT, PG ORISHMBBIIN M 2B BHELEY >N BB BT > Tih
TUBBETRRWIEERLTWS, 351213, M. luteus DHIIAEE PG DB S, 58
BBDTHD) DL EFURIIRTFRABICRBEHEL TS EEZ B NS,
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Table II-1. Induction of antibacterial activity by cross-linked and uncross-linked PGs.

Cross-linked PGs from the cell wall or uncross-linked linear PGs (lysozyme non-treated) from
the culture medium were injected into larvae at a dose of 10 ug/larva. Values are the means

+ SD of 4 determinations.

Antibacterial activity (units/ml)

Bacteria Cell wall PG Linear PG
Bacillus licheniformis 171+ 14 163 + 4
Arthrobacter viscosus 132 £ 26 102 + 37
Micrococcus luteus 15+2 212+ 37
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(A) -GluNAc- MurNAc -
L-Alla
D-C;lu
m-I;ap —D-Ala
D—A'la m-]IZ)ap
D-'Glu
L-J‘\la
- Mu'rNAc - GluNAc -

(B) - GluNAc -MurNAc -
L-A:a
D-Cllu - Gly Gly
L-Llys -D-Ala-L-Lys - D-lGlu -L-Ala - D-Ala
D-Alla L-Il.ys
D-Cilu - Gly
L-Alla
- MurNIAc - GluNAc -

(C) -GluNAc - MurNAc -
L-Alla
D-C;lu - Gly
L-L'ys
D-Alla
D-Alla

Fig. Il-1. Fragments of the structure of PG.
(A), cell wall PG with direct cross-linking from B. licheniformis and A. viscosus; (B), cell wall
PG with pentapeptide bridge from M. luteus; (C), linear uncross-linked PG from M. luteus.

Dap, diaminopimelic acid.



2) MRS NV EBRICKERRTF RV B/MNEEORE

RV GHEET THEREL & M. luteus 5 5 FIC W0 E N2 ESIR PG 13 Fig.
M-IORXRINDBKIRXTARIIRTF RAEHD C RKiugiZ D-Ala D300 L 7= gIBE & D
BElb, BoNERR PG OVEEHRIL 22 Tholz. £z, VI /BIHO
FEREDK 75% D MurtNAc IZ 6 DT X JBA B RBEINFHRTF RABHSRE S L
7eBEBRL TW/e (Table IM-2),

ZOESHIR PG # 37CT 3 KA Y Y F—LUE L, Superdex 7SHR O %)L 5
WZ& o THEL 7= (Fig. IM-2). ¥rH{b3niz PG RBEHMEMNS 7S 2 a v ~VIZ
S, 7523 a2 1. IKUON® GluNAc, MurNAc, Ala, Glu, Gly, Lys O &)V Hid
1:1:3:1:1:1 TH O, THIIHBAZE M. luteus DESIR PG BIBAEZHRREL TWBE Y 3
JERUT IV BORRE-EKT 5.

BORERYE—DVERT IS5 3 NiZ, LHEHEENK 2 THD, BHRALE
M5 F8 1236 @ chitin hexamer &IFEFICTH B Z &M 5, Figll-1IC KREND &
578 GluNAc - MutNAc 2 1 22w & LEZHMNSRE PG E/ VY —THBEER
b3, £, UYF-LIBEEZERL 48 BEARTH L7503 a> ], 0. 1
DODE—IHBWPL, 7502 a P NAEMT SEFg. M-3), CNSDO#RITIT7IV >
arYIVBPGDUVYF—ARMRICE > TELCIBKREYNTHAZLERLTVD,

7503ary] RODIREEREBHME» SHEINIHLTRIVELT, =K
THREND PG 1y FOBRUEBELAENEN 3 O trimer & 2 O dimer TH 5 L H#E
BlENd, Table -3 ICRTEDICT T2 a D GluNAc & MuNAc T BIX Glu
KHLU, MI4BETHo7=. Zhi@7 52733 > IHD MuNAc IZ, AFHRTF
REEE RV PG BIFBEENTVWA I LEZEBRT D, 5K 757valloE
BEHEIL 42 THEINBHMEN TS 72 a OB THEILEELIGDES L,
75233 LBAFYRTFRE 2 DD dimer ENFYRTF RR—-DORITE
dimer DEEWMTH D EHRMEIND., 7503 a>VRUYVF—LDRILHH/NE
MNTHBT7572a NEDBRTFRMNMNELS, P/ RICLUREFESNTH VI &,
Tz, T JBHREANFIRTFRE-HTEZEDEAFYRTF RETHF &R
FRABMERVECZHLEORAMTH S EHEHI IS,

IS0 PG MHOBEBREZRNTAHEZD., FNFN 10ug 2H1 2EAEHN
U, 24 BifRICEBRTICHEB I N ABEEREZRELE, ERENOT S5V a
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KXo THRENBHEERZFR U< Table. M3 1R LA, FHMEE6 DTS5 1
v TIZEXDFBINDHIEHEMI 168+ 67units/ml P E 22 OB T PG DBED
18572 wnits/ml & IRIFFABEOHWHEEHEERLE. CEHBEBEEN 40755
a I RVMIZK O BB I NBHIEELRIENEN 60133 R ME16 TS5 1
I XDBELRTHHRHAEEENEBSNE. ThBD TS50 2 a & idnEme
Z72aNEROVTRIEERRIBE INZN o2, ZOMEIZ, HEty 2y
BB R TF AR 7= GluNAc-MurNAc DAZY bRDREDBTDORHEL
HENBLETHDIEEZRLTVS, £/, Dap ORHVIZY DL ORI I A
TF RUUSITHRE NS B. licheniformis DESEIR PG % A /=434 T b FIEE Ds 28
BENZEND, PTI /B Lys BBV Dap DV TN THRVEEZ BN 5,
Kz, 75022a ] ENOBEPROEVED, BROKEYEE2851712 PG L
Sy hORDELA3EULMEBHEE 6 U EXBRBETHLEEI LN, X517,
KRERTRFPUDLZANT, BLEKMO MuNAc 287 L. muramititol & L
R757varl LN Z2HOTRAKICHEDREWREHE HEEEIRE XA
MoJzZ EMNS, KD MuNAc RFEBICHETHEEEZ N5,

LU EDFERN 5, Bombyx mori \ZBIAHEMY N BHEBIZLER PG B/
i, ( GluNAc-MurNAc ) , DEEBIC RS F R TF RAHES L 7= Figll4 iZRah
LHETHDZENRESNE,



Table II-2. Composition and inducing ability of uncross-linked PG fragments. Fractions I
to V (Fig. II-2) and high molecular weight uncross-linked PG (lysozyme non-treated) were
hydrolyzed with 4N HCI, and the amino acid and amino sugar were analyzed as described in
Methods. Antibacterial activity was determined after injection of the larvae with 10 Hg each
of the PG fragments, and the means + SD of 4 determinations are shown. GIcN,

glucosamine; Mur, muramic acid.

Composition Average  Antibacterial
Fraction sugar chain activity
GIcN Mur Ala Glu Gly Lys length (units/ml)
High MW 127 134 325 1.00 098 09 22 185+ 72
I .10 112 3.00 100 105 0.74 6.2 168 + 67
II .09 105 320 100 106 091 4.7 60 + 33
I 1.40 145 325 1.00 096 086 42 44+ 16
v 1.08 112 346 100 102 084 22 N.D.
\% 375 391 247 100 086 0.8 23 N.D.

N.D. : not detected.
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Aso0

Elution volume (ml)

Fig. -2 Superdex 75HR gel-filtration chromatography of uncross-linked PG fragments.
Uncross-linked PG from M. luteus was digested with lysozyme at 37°C for 3hr and purified
as described in Methods. An aliquot was applied onto a Superdex 75HR column and eluted
with 0.05 M ammonium acetate, pH 7.5. PG was monitored by measuring the absorbency at
220 nm. Fractions I to V were collected and Iyophilized. Void volume (Vo) and the

elution position of chitin hexamer are shown by black and white arrows, respectively.



1 hr. 6 hr. 48 hr.

A 220

20 10

Elution volume (ml)

10 20 10

Fig. -3 Effects of lysozyme treatment on elution pattern of uncross-linked PG
fragment. Uncross-linked PG from M. luteus was digested with hen egg
lysozyme at 37°C for the indicated time period and chromatographed on a
Superdex 75HR column as described in Fig. I-2
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Fig. I-4. Minimum PG structure required for induction of antibacterial protein synthesis in

Bombyx mori.

50



Hafi  EBE

HWABELZBNT, PG O DOREENHRICOVTORERIZL, 1 bV P
R 9% B MIRATEMEL 0, W07 7y — D@ E IL-1, IL6, TNF-aZ&&
BYA NI OBRERT = 20, BREORETRITAOTIO Ty -2
WT PG A IL-12 DEREFET BT LARINZ Y. 20 IL-12 DFEKTII PG
A RIEDTRD 5, B. megaterium B ORINIEE PG TIIEHHRAIBD 51
M. luteus HI3R DHIRIEE PG TIX 100 g/ml DEWEEIZHB VT H IL-12 mRNA OFE TR
ook, ZORBRIERETRLUL PG HEREMLE—BT S, a5, 20
NUAZBITS IL-12 OFHIE PG 2UVF—LIRKD—BUEL-BE., CORE
PHETLENS, ZOXVADIL- 2 AERIEBVTHHEBREOHTREZHD PG
BENLBETHDEEX LGNS, /2. MurNAc-L-Ala-D-isoGlu (MDP)IZ 7 ¥ 2 /N>
MEMEZ®D PG OBR/NMEEELLTHABNTWBH, PG HBNITIHEMEH ST PG
TR AEE D RIBDENHDIZH L., MDP RE/ T—® PG 2=v hOTiE
TOMENBOHENLN P, FD—F T, MDP * muramly tripeptide TIZ 7+ 7 4 3
FIO-RIGOBFRZBITORMULT FSRTFR2HEDE)—D PG 22w M
ERHSTF PG TIREDOL I RFENRD SNty P,
AAARBNTOHETNETRLAEZLDIZ MDP TREEWSY O/ BHEENBD S
N, THRXEEOHRTIEIFEMY OV BRI —EHED PG BUETH S
ZEBHLMNER o, Fe, T2 /)N F I -VHAT—RBD PG ITLBE
HLICE DT OREN PG BMBETHY, VYV F—LALBLAESF PG TIIEMR/L
DEISRHRN Y, £, H42—-KY72D 1ug OFHDTF PG 2N LEHE, Fik
DELNASZAERBIBN, 7572 a>1R)/F—L0EL -HREE PG T
B50ug DEHTOH AT ERBO SN, TNHORRIIAM IR T
J=NAFT—CREGEET NV BRBROZDORIE > PG BH#L AT A
DHEETDRENELI SN,
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BIVE A GRS PNV BHRBIBTBRTF RN SRBY NI BIzoWT
B WS

RIERVBMEISBNIAERED . I FEMS > BBRICHEHED PG 2
Nb?U7@%@?5%»&bT@MTMé:tﬁ%B#tmotoit,mﬁéﬁth
EBERV in vivo DIRIEBERT, WILE PO 12k D RIS S /30 BAHE S
toH}ﬂﬁ*ﬁ?%@%hﬁ%ﬁmmﬁ&ﬁﬂ?étu%iénmm:tmé.R}K
;5%%&&)N7E@%§Ku,%@M@ﬂ&ﬁf»%ﬂ@WtﬁﬁTéﬁ%ﬁ%%t
KU.E%Wﬂ@ﬁEKPGE%ﬁ?éth&—@ﬁﬁ?éﬂ%ﬁﬂ%i%héoit‘
ﬁ%%mﬁ4:¢ﬁ®mﬁ&>N7E®éméﬁ91wéCtmé.ﬁ%%ibﬁwéh
RIS DHPIC PG #RF Y SNRTEBFENTWSAIEMESEZ 5N 5, BWLEYIZH
WTLPSBNZFUTBBOI T IV ELTHE, SEXERMBRIGED £ 30,
C ZTO LPS B> A 7 L3RRS T % LPS binding protein (LBP) A1LPS &4
LPS-LBP BAKERRL 2%/ 07 7 — DHIMEEIZEET S CDI4 12Xk > TRB X
NBZHLDTHB 29, BULINERUBRR I AT ANNA ARHEET 25, highie
B2 PG FEHY NI HM PG EHAKEBRL %, AR EETS L &7y —
KRS T 2R DEASNS, ZRNETIRERIIBIFANY FU TR DBEB 2
TALhELTH BRRENTNEBDIZIR T ) — I FF ¥ —FRDB-13-7 I H >R
TNV BLXUPG RBEBY >N MNHB S, xi-, —HORB TP ICHEET DL Y
FUOBBEI NI ERBLA TV ELTHL EELZBNTVWS., LHL., AR L7 &
SWHENY NI BOERRTTHS PG 2V F— ABELESFL L BE TR
L/ =IVAFT T -FROBEHCIRD SNV, £2, LI F Ik BRI LA,
HHIBER PG BEORARMEO TH O Z &R ENS, HEMY DI AEEROR
MATLRINSDVATLAERASNMCRRS EEZB5N5, PG IIMILIED A
%M@Kﬁﬁﬁﬁﬁbﬁﬁhﬁﬁyﬁ%mg\éi@i&ﬁﬁﬁﬁ%ﬁﬁﬁ?éo%mt
B, BLEWICBNTS PG #EY > N7 DRBEEY PG B 2T LB ORI
HBONTVBNBEEETIEEAEHSMC > TN, Eix, RUARZ2AT77—=TD
IL-12 FEICUEZ PG A, N1 IOBEERN K o EHERREETT E NS HE O
HBZEMSD PG RS AT LIIRBITIE S ALK £ THE U THET 2 sEM M
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EZ25H5N5, T TARETIINBELY o7 EFEICEH AN 7)) TR AT DR
HEBMEL, PG #EY UV EORIBZROEIR ST, FREFAWEDA D PG
RIRY N ORRERIEERDT-.
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H2M MEBIUHI%
2-1 M
(1) NIFVTFRORTFRT) B>
B. megaterium NCIMB 12520 (dap’,lys)i The National Collection of Industrial and Marine
Bacteria LTD KD AF L. ZHPAONIFUTRELIE, SUECTRLEBOE
RAWiz, MINEEH® PG ROESPR PG BN ZICRBLI-bDE AN,

(2) R

Sulfosucccinimidyl N-(D-biotinyl)-6-aminohexanoate (Biotin-AC;-Sulfo-Osu), 6-(6-
Hydrazidohexyl)  amidohexyl  D-biotinamide (Bio-Sulfo-Osu), 1-phenyl-2-tiourea,
ethylendiamin-N,N,N’,N’-tetraacetic acid,disodium salt, dihydrate (EDTA-2Na) LA b Dtz
DWTIRAAMBELEML DBALZ.  Sulfosuccinimidiyl 2-(p-azidosalicylamido) ethyl-1-
3’-dithiopropinate, (SASD) K& T' 1,3,4,6-tetrachloro-3 @ -6 o -diphenylglycouril (IODO-GEN
Iodination Reagent) B L DFZRIZDWTIZ PIERCE# & DAL 7=, 3-(4-Hydroxyphenyl)
propionic acid N-hydroxysuccinimide, (Bolton-Hunter Reagent)ld Aldrich  chem.co. & D
phenylmethylsulfonylfluoride (PMSF) I3 sigma #£& ¥  1,10-phenanthroline monohydrate 137
HIATAZHED  Na [*1] , [*I}-Boluton-Hunter 3£ Du Pont,NEN Reserch Products
KOTNETNW|ALZE., TI4ZF4—HS5L0OHEETHS Formyl-cellulofine 1324,
FTEWRIOBAL -, 3-[(3-cholamidopropyl)dimethylammonio}- 1-propanesulfonate
(CHAPS)IZBRRH_{LE KR K DBAL .

) ik
(1) PG-Affinity column %}

M. luteus SR PG RBME TIRRZ XD ITATF REMEE R W T WS s, <7
FRAUKICZTENDY O BRBIIEMD e -7 I ) HEH->TNB, FIT. PG EfEaT
BT UNUBEBDIEDIZPG 2UHLREL, BREOT I ) H2N L THECKE S B
RYTAZTARNSLEWBLUIZ, FIEE 22 O M. luteus BHUR PG 2EAL. 55
LORBIIARBARMHOFT VAN a7 ft--. BEER Tmg ORI )+
V77 A ABREIT M. luteus TESHIR PG ¥AWE (4mg/ml ,02M V) > BEAREWE pHT.0) Tml &



MA. BRICT 12 BREES LA FaN—rLk, BIEAO Sodium cyano

borohydride (SCBH) % 49mg fX, X SIZHIBT 2 MM > Far—KLk, T754—

RAZROTTINERBAKTHEER LE, 0w+ VEEK (0.2M Tris-HCl, pH7.0) %

l4mi A HOER TIMMMES 5 Uiz 7 )V 2 REKTHE L 0.IM U BB, pH7.0,

ICARB L7z, #3372 #4413 BIO-RAD #:® Poly-Prep chromatography column (0.8 X 4cm)iZ
FHEL, 4ACIZTRELE,

(2)  B. megaterium NCIMB 12520 (dap',lys’)% fi 2 7= PH]-PG D384

B. megaterium D7 I ) E R L EDap)ERMUL R TH B B. megaterium NCIMB
12520(dap lys) 2 ME M L TEFT IV 2% PBS ICHB L =B A0.0X 107 cells) %
3.7MBq ® PH]-Dap ZMA 7z 1000ml DT k- )b a— 2 g QB EURT R,
0.2% 7 )y3—2A. 0.5%NaCl, 20y g/mi DAP, pH7.2) IZT—BRigE% L=, HEE. Bl
ICECH U 72 1EIC & 0 MR BE AT i M PH]-PG 2 7R L 7=,

(3) [***I]-Bolton-Hunter i3k 1= & % PG DAl

[“IMR#RLTIZ PG ZWTHE T2 NI BERRT 5712912 M. luteus IR PG %
['*’I]-Bolton-Hunter #t3%% M\ CTHZ#E L 7=. Bolton-Hunter #ZI3/KIEI D TRALETSH
fET 572, ["I)-Bolton-Hunter FMKIIN VB E L THMTENS, £F, R2¥PY
ERBETHH., %A CaCl, 2RELE NS TEALT N, HRR Ly RS Fa—F
W@ [*]-Bolion-Hunter X% (9.25MBq) ICREN T, VL OBEEEBOK. T
Z N\ 1mg/ml DEEET SOmM K77 BEREETHE pHB.5 T VAR L 7= M. luteus 1ES5IR PG IEHE % 50
LI MA, ERICT-BRSSEE, TOH 2M U 2% s0ul A, KiGESIEaE
7z, BE#EI NI PG I3 Sephadex G-25 IC &K DML 7=,

(4) ASD-PG Dt »0

DFRITERY O REZ2FE UV BHEICKD Y NV B E4HET 5 Sulfosuccinimidiyl
2-(p-azidosalicylamido)ethyl-1-3’-dithiopropinate, (SASDY%F W T PG #5847 >/ ##kd
B7z¥, (2-p-azid-salicylamido-1,3-dithiopropionate)-PG (ASD-PG) & #% L 7=, 50041 D M.
luteus BTN PG VAKX (1mg/ml, 0.1M =7 BEARTE &, pH8.5) 12, 1041 D SASD PAWE(40mg/ml,
DMSO)Z A, HRIZT 30 M1 > FaX—bL. ZIAFHW SASD IWEEMZ. [
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BRIZAZFaR—PTBHZELTPG & SASD 2R EEE, IMPILE= S0 (0.1M R
VELRTEYE, pHB.S) % S04l MARKIED SASD 2T 0w 7 L. 2000X g T 2 4 M5
LETFW EBHZEULL 21 O phosphate buffered saline, (PBS) pH7.2 I U CiE#i 2 3 [0
ROBL 7, BH®R. 10001 TOHEL., GAMET2CTHRE LR, £, Lo
R THEFT, RELTFICTHE- =,

(5) [*I-ASD-PG D&

ASD-PG Z& NalIICTHEM L7z, EHMOFHERI/ OS5I T hEa— R I7 L
DITo7eht, WMRMIZI—RF %k » KEDHIERDOEEROAEETH - 28, LU
BEORBRTHOWASIASD-PG 2T RTI— RF L EIC L > TER L.

1001 DI — R VHEIR (40mgml, P2 OO RS ) £HF5AF 2—TA0X T5Smm)iz
AN N, URABBRUARBBEBEOD I OO RS L 28EL, Fa—-TOEEI— R IZ
TA—=F 1 T Ui, T8 1041 (3IMBg) @ Na['"™I] (3.7GBq/ml)& 100 41 & ASD-PG 7
# (Img/m) OBREWEF 2 —TICBL. FRIZT 30 HRRES 8-, KEED Na['*])
1% Sephadex G-25 12k 35" )V AL o THREL . [*1]-ASD-PG DR H %15 - 7=,

6) [™-ASD-PGIZKB T4 FT T4 ZF 4 SV

R ROY > /827 BUHE & [PI-ASD-PG (0.41 1 g/tube = 1.0 X 10%pm) 2T w <> R
WIFa—TRICTRELESE, AT 27CT 30 HRIA > FaX—h L. Fa—TOx5
TEEBRVE. &9 Sem b 5 R UV (260 nm) £HIRIZT 10 MM L7, & 2 ~AZRO
SDS sample buffer (6% SDS, 8M urea, 20% glycerol, 0.04% bromphenyl blue, 0.2M
dithioerythitol 2 &Y 125mM Tris-HCI buffer, pH6.5) £MX T3 HEZAML., ZdD 2041 %
7.5% SDS-PAGE IZftL. 100V OEBIEW THRE Lz, ZIVEZEREF Y b GFiyeaizg)
CTRELEE, FNVEERICTE— NI DF Y57 4 2 L D [I-ASD-PG & fE2
LeZ RO BORIM 2T 7=,



(7). BIACORE ¥ AT AT B —F w FAD PG DEE

i%ﬁ?ﬂmﬁﬁﬁ%ﬂﬁTéBmammmoQWMLW)TPG%%&)NDE

&%?6t®\&Z?AT@ET%t)ﬁ—?v7KPG%Eﬁbtotyﬁ—ﬁﬁuz
bV7b789>ﬁ:—?4yﬁéhtt&ﬁ~?v7&ummmAmnmsE@ﬁm?
BEBIZET, TNETEREM luteus EHIR PG D e -7 I ) KEEFF UL LA, PG
'liilliéﬁ&é*ﬁﬁﬁ 22 SR 6 DBDEMR W, 104g D PG % 50041 ® 10mM HEPES
WM, pHS.S tm@b\::E%bm%w%ﬁkmé;ﬁtBmmmgamos&m
Z.%tf4ﬁﬁﬁméﬁtn%ﬁm®57?>&®ﬁﬁuNﬂ5ﬁ§A(779%A
T7WIZTNAFFIW) itk vfFortz.

ESHIK PG & FHICHIMIEE PG 2t 20 —F v TIZEELT 5D TI8EE 4 O B
licheniformis HRMINEE PG 2 U4 F AL L. MIMBEH®RD PG IR TF R B H I 5e 48
DI, WY X ) B <HHR PG &MV EFETIREFF AL OBEED D T &
<m5:tﬂ%ﬁénttw,%ﬁ@%i*%éEﬁ?ymbtomungmewmu
PG % 150mM NaCl 258 10mM MES #Bi, pHS5.5 I L, K EWZ TRIRREIE D 0.1M
EEU%&TFUWA%W%2mm&&0%@&m3ﬁtoKKN@%ﬁ?A%@W
RBAKIZERBWIHICT PG ZEM L, ZHIZ PG LB LWEVBIEIZLS L SI2 DMSO |7
mmstmme»mmmwémz,5@tr4ﬁﬁﬁméﬁto HU NAP-5 15
LERWTEFF LU= PG 2R =,

t?ﬁ—?vf«@@ikﬁBmamE9X?AKt>ﬁ~?v78AE%%btﬁ.
Eﬁ?)?G&&Z%AK%)?:bFL‘t)ﬁ—i@h@xhv7h759>t%i
MEREZ2EED LTI ok, TNENOEFF AL 100g D PG % 20041 D HBS
#RMY (10mM HEPES, pH7.4, 150mM NaCl, 3.4mM EDTA, 0.005% Tween20)i”Hh: L. & 0
DB 4ul ZENEN2ETOA 2Py FUTEELL -,

(8) RN IR IR D 3 Y
5%4HE@ﬁ%:%miD%Hﬁt%ﬁbtﬁ&fﬁ%@%%Mb\ﬁ§§®5%§
? 150mM NaCl, 0.ImM PMSF, 1mM benzamidine % %} SomM Tris-HCI A2 i#k, pH7.5, %
A TIAYASAKREYFAF—£MOTHEDFA XL, & OMBEIEE 1000
xQuMﬁ&4tKTﬁbﬁ%Eﬁm,wat*mwwﬁﬁtEEﬁéﬁﬂtﬁﬁ%ﬁ
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BELTe. LW IZIZHMG 5 DRI A8 ST H 0 OMUI KA e H 2 3
HERTEBT S ETHRELE, AHE 100,000Xg, 60 5. 4CIZTHONBEL . B
%EW%@%@WKT%@%#%3@&DELED%Bht%%éﬁﬁﬁﬁtﬁﬁb\:
NZRI RS & L=,

HE 5 A RARRETE 5 DFTYS(EIZ 1% CHAPS 12 Tiin/z. ¥ 2 NZBES 10 mg/ml 128
DY ZIRE I RIBIIC 10% CHAPS % 1/10 BAA . # Ui, Z4UZ NaCl % 0.35M, PMSF
EOSMM LA BESIMA 4T, | ISIBON ICBIT S - & TS DB E
1713, 100,000 g, 60 43138 043 B L T 45 SNz BB E R EMEE S & U s,

(O J-1 aghhikiEy > X7 BOHRE

A3 5% 3 HEPROTNTORBEHEMANANYIICTHOW L. Yo7 1 /) —
VAF T -V ORERTH S 1-phenyl-2-tiourea % 3 mg BEMAKG L=H S 2l
KA IFEER TR LIz, ZHE 1,000Xg, 10 5. 4CIZTHEOEEL . M ER
ZRROWI=RIRE AR E T-30C TREL =,

C DR 175ml & 308ml O 100% FAFIRERE 7 > E =" A, pH6S, LIRA L. —M 4C
IKTHE L. 14,000Xg, 20 HMELL. B 5%, EDTA, 1,10-phenanthroline
monohydrate, PMSF % -€-E41 1mM, 1-phenyl-2-thiourea SmM, %X EtOH # 1%E 1) 0.2M
U CBRBREBICIAML . 2 BRI L7z, ZhE 4200Xg, 20 SV RIEL LT LB R B,
C DL 362ml 12 25% BARNIZ 725 & S\ O % N 2 2 BRI L =75, 14,000X g, 20
MR LT 2 B H ORRILBELT o 7z, B LB ORISR L 7% . Specira/Por 11
55 F 8 6,000-8,000 , Medical Industries,Inc)DBEHiF »— T I2H L 0.1M 1 >R,
PHO.S, 1T U T&ENT 2 3 M DB L 7z, BH& TH. 2,000Xg, 10 HEELLTESN-
LRAZERICHAVWBEESY >0 L LT,
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3 KR

(1) RIFEEE PG 2k B PG #5& MY N0 BORE

—ﬁ%Evt7&~mE®ﬁ%ﬁ&&bfRI%%LEUﬁ)FE%Mt%@%%ﬁﬁ
bhTna, IS >NV BOBERITII PG BB >NV OBENEZ SN EMND
RIRABLIZ PG 2HVB L ETHRATHIIONIBERRT B L L 2B, ¥ 2N
EPRTF ROMBOBAE, HTHCEENBFOLY, EAFTY. FUT Ty 5
HEBDWI SH BICEBMICKNEIVREBAT S 2 & THONB N, PG (3G -2
NEDT I /) BREEATORNE I TET Dap BRI TH B B. megaterium NCIMB 12520
(dap’lys)Z[H)-Dap FIE T THET S Z & T PG 1 Dap % PHUES; L PH]-PG %381 L
2o UV F— L0, 5507 0 MIEEPH)-PG O bR TE 1 1 74kBq/mg PG (=1.0
X10°%cpm/mg PG) THo7z. TOPHIPG W THA NSRRI 5 k5 S 28
Efrofc. THIRBIY R Fa—THOKS > XY BIZPHI-PG EMEA > F 2 ~— h
UZzi®, TCA R L7y >N BERBILANSH I A T4 NI —IcTABLE, 7
AT — LXK RS )N B % TCA THIIA@LIEEA S ¥l U TREODOPH]-PG %
BREL., 74NV —ERBESZPHIPG D h—F)Vh > FEHEL > FL—alhmy
I —ITHEL . Y 282 BA\OD PG O RIGIEEIT, BAT 100 (S80I
PG FHET IR THRBRICHAEREZTL, =¥ h Y2 MBS IEER PG HHE Ttk oT
BONLEAT L P ZELBWEEZERMEERE LA, WY > X2 BB, PHI-PG &
RUIER# PG BIREDRMET o N ThOBE b RNESE2BD 2 ENTERD
ok, ZOREE LU TPHI-PG DEMMERICHENS 2 EE X, X 5I0E LR TEY
219 % f2 % KIZ["**1}-Bolton-Hunter i£# 1 & 5 PG BH %175 /-,

['**I}-Bolton-Hunter #{3%1Z & BE#MDB{ A, PHI-PG DXL D12 PG ICHEERT HIEE &
RIBO[PIEMENALBYE PG D -7 2 ) HITHE X5 2 & TR IEa T
BDIERRD, —MMIT, MBENCERT2EGRIRDBEME VN RIZkEEE2
CETHRRIVA L ROFDEMEREZH LTRSS, 2 TRMBROIFED
Bolton-Hunter fAZ T L 7= PG 2B L. ZHhZERAWT in viro TOEBRIC THEM
FONVROHEBHRERF Lz, TOFER. Bolton-Hunter #ILDFES Li- PG 13 EEHLIR
D PG LFRBEOCHENREAL TVIEIEND PG HEY >/ ANDIAEEERIELT
W3 EHEZ 51, [*1)-Bolton-Hunter iA3R\Z &5 PG M EMBL 7=, 500ug O B.
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megaterium HIKIEEHER PG (MW.210,000)% 9.25MBq M['*[]-Bolton-Hunter {17 & b
AU AR RBAHE M3 5.0X 10%pm/mg PG &72 0, PH]-PG @ 500 08 W BUN TS
AR 5N, ZO™)-Bolton-Hunter-PG VY, THETERBOF I TH SRS %
o7, PHIOBAE R MAENB NI EN D, BRIGEANBONDLDEEZL -
MBRIB DR PG HE T TESND I Y 2 MU PG 2AVTESRS Y K
RERBERUTH Y PG OBRMRIES ERTHBIIE S Ninho 7=,
| TIETHoRKBTI PG ERRMITHAT BINS S0 BOREEN 5N TS =
tﬁfém#oto:@%Etbfﬂ?@3o@ﬁ$%%itonEW&T%&)ND
HOMD THETH Y, MAZHEEL TEMCLDHELZBETRREI LN, 2)
MBS TR EDOMOME 25 NI BEE BV EDIBERNBMEENKES 2 DT
UED. 3) PG AR AR S BT 572D O XV BOMELBETH B,
D &2) ROWTIRRBENHD S & SICHEAFIEY >R BORUNBETHSD EE X
53k, 3) KOWTIHMAET I 07 7 —JHIRER LD CD14 AD LPS ORI M
PO LBP ZREETHIENSERIN, HA ARXBLTIRIRNIC PG &SNtk 2
RS NI ENEETBARERNEZ 5ND, BLED in viro 12 L2 FER TSN
EOBDOHEERTH OEBIFELELIRV. UL, BRI 2y 287 SROB T
BY. in viro THRPIKIKY >R EHWLTVBAEEDBZZONS., Lo THE
DERDS LIRS >N BOMEB XK T O PG RS >0 ORBERT L1,
Rie, BBREHEEL T PG I UV BHEHID SASD 2E X 8721 1 &L TH
HLUR[™I-ASD-PG ZAW, THEMETHY /N E% SDS-PAGE 12X DRILT B T
2B FTHDIT[PI-ASD-PG IC L BRINRDHENLE T o 7=,

(2) ["I]-ASD-PG &I\ 7= PG #5857 > /50 DR

MR O RERMI T PG #5845 > /XY ORFEE AT Driarski 5 2 © D — @D
BAERED. PG DMIRERICHVZMEY >0 OD L ME7IVT I (BSA) 5
WERYDAMBETINT I (MSA) L#EETHIENEBNERLS T2, F 2 T[*1]-ASD-
PG IZKDA10 PG RBY NI BRBDZ0 BSA 2RIF 4 T2 bO—)L & LTRIE
ROWEREFT> T,

["II-ASD-PG T & 2B THONBFig. IV-1). £F. 1) [P-ASD-PG & L
CTI=F ORI BEOHER, 2) UVIRHIZEZUH D RELETE—4 280 BORE,



3) DTT LA K DRMEDSW, 4) SDS-PAGE \2&kBUH Y ROMMER L, Bk L
BT —F RN BIBBIBRD, A RS OF T ST 4 —IZKBRILAEETH B,
[""I-ASD-PG & BSA % 27CIZT 30 A >FaX— kL%, UV BSED DIT
WHOBIITOWTRIRM U 7% SDS-PAGE 2t L 7= (Fig. IV-2). 3B D>l
EX—ISVFTST4—FB LT SIERI NS BSA DRI EIT S 2R, UV B4
L& TI™I-ASD-PG & DG EFT BSA DN RAMRII I 7 (lane 1,256,
(L ARAS DIT MEBE SDS LD DAY KTHB PG AU, SHDH TR
SBBEDNROMBHAFTHNBIZTTHS lane 1, 2 DN K2 DIT EYLED lane 56
LD OEHNBIZRD Bhidl, ZORRBICOWTORMIIRETS S, DTEI—H—
ELTHWED YMBEZINTI > ATV TIS, ZURLTILFE R 3-JEFE
ROFF—t, REFERIy—¥, NUTL -2, by T4 ey —, a-
ZOLTINTILEGDS VY REWTIS-ASD-PG EMAA >+ a~— Mg, UV I
FHRUDTITUHEL =% D% SDS-PAGE 12t L 7= & = 5 . BSA |2 DHFEE DT 5 7= (Fig.
IV-2B), & 512, BSA OBE% 2, 0.2, 0.02 4 g/tube & L THARIZ['I-ASD-PG DOkt %42
B LRGSR, BSA D 0.02 4 g/tube DS, [I]-ASD-PG O BSA NDFEENIEIE R PG
Lo THHFEZN BSA ADOHEEERT/NY ROWL 725 2 Fig. V3). 205 0k Ri3
BSA ITHL T PG AMRRINCHBTHZ L 2FB L. Driarski OFE © &—R L7, U
LOZEMBE[*I-ASD-PG £ Ji\17= SDS-PAGE K2 &5 PG #5845 > NI RBOF DD
AT LB ENEBDEEZ, UBOERET- 7.

HA DY REEE R VIZEEFIC PG LOREERTNY R3S 5N 7=(Fig. V4). i
REBLICR OB O M ildane 3)TIHIZE A ERIL TN - Ak N N
B > THBL IS > /32 (lane 5)I2DWTIE BSA LR UAIEIC PG EHET 5\
YRR NE,

CDRIEHHPITH) 500 fEROIEEM PG A B &[S1-ASD-PG DS AT S 41,
["*I-ASD-PG & DB ERL TOWAENS KAWL 2572 (Fig. V-5, lane 2) . X547, =
DA LPS 12k > THEX N/ (ane3). Z0Ml, B-13-7NH2D5IFY > B-14-
INVALDFRFUROZOBRY EFIUEMTHBE 2. X517 PG DIEBETDH 5 N-
TERFNINAY I AT THEBRIE I A TRI LAt 245 13[*1)-ASD-PG
DFEEMEELIRN S (lane 4, 5, 6,7, 8). TH 5 OFEHEIL. S 12 PG ERRIITHE
BT NI BOEEERB LI, Ei2, MEDBICL> THHMEHL, BT 55 &
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Fig. V-1 Reaction scheme for detecting PG-binding protein with [}2°[]-ASD-PG

63



uv +4+ - -+ 4+ - -
DIT + + + + - - - - LTE
ColdPG = + - + - + - + -+ -+
123456 7 8

Fig. V-2 Binding of ['*I]-ASD-PG to BSA.

A, ['I]-ASD-PG (0.2 u g/tube, 1.0X 10° cpm) was incubated with BSA (0.2 u g/tube)
with (lane 2, 4, 6 and 8) or without (lane 1, 3, 5 and 7) addition of cold PG (20
g/tube) at 27C for 30min. After incubation, each sample was irradiated with UV
(lane 1, 2, 5 and 6) or not (lane 3, 4, 7 and 8) then treated with DTT (lane 1, 2, 5 and 6)
or not (lane 3, 4, 7 and 8). Samples were then analyzed on 7.5 % SDS-PAGE and
radioactive bands were visualized with autoradiography.

B, Molecular weight marker proteins (BSA, hen egg albumin, glyceraldehide-3-
phosphate dehydrogenase, carbonic anhydrase, trypsinogen, trypsin inhibitor ) were
incubated with [***I]-ASD-PG with or without 100 y& g of cold PG. lane 1,
autoradiography; lane 2, silver stained. The arrow indicates the band of BSA.



BSA
(mwg/tube)

Cold PG

Fig. IV-3 Inhibition of binding of ['*I]-ASD-PG to BSA by cold PG. ['*I]-ASD-
PG was incubated at 27°C for 30 min with 0.02, 0.2 or 2 1 g of BSA in the presence

of 100 g of cold PG. Samples were treated as described in Fig. IV-2 and analyzed
on 7.5 % SDS-PAGE. The radioactive bands were visualized by autoradiography.
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Cold PG

BSA  Hemolymph Ammonium
sulfate fraction

Fig. V-4 Binding of ['*I]-ASD-PG larval hemolymph protein.

Hemolymph protein was partially purified as described in “Material and Methods” .
Hemolymph (115 1 g/tube) or ammonium sulfate fraction (36 y g/tube) was incubated
with ['*I]-ASD-PG (0.41 11 g/tube, 1.0 10° cpm) at 27 C for 30 min. Samples

were similarly treated as described in Fig. IV-2. The arrow indicates the band of
BSA.



Control LPS Zymosan Chitosan

PG Laminarin Chitin GluNAc

Competitor

Fig. V-5 Inhibition of the binding of PG to hemolymph protein by various glucans
and LPS. Partially purified hemolymph protein (36 1 g/tube) was incubated with
['*1]-ASD-PG (0.41 u g/tube, 1.0X10° cpm) in the presence of various glucans and
LPS (200 4 g/tube) as indicated at 27 C for 30 min. Samples were similarly treated
as described in Fig. IV-2.
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(3] BIACORE2000 12K 3 PG #5857 > /87 ODRBRE PG-7 7 4 =54 1T Mz & ks
4l

LAREDIFIE TGN HMIEEHRRD PG #8457 BORIMICIIES oz, 22
THIZ 72 BthiE & LT BIACORE2000 % FIW TR 217> /2. BIACORE ¥ 25 Aldt >
Y—F v 7 EREBLELEVH Y RZBEDOY VNV BERKEET 5 20 BBREL 2R
THTENE. ~RCLE T —E VAL KOS TR EER 2T 5 B0 THbis,
FEOEMNTH BIRMAMIRBICFET 5 L E X 5N2 PG #4852 NI EORILDEH.
DAYRELT PG 2L —F v TIREELL. &2 AISHHERIRLS > /82 % it
BDIETHRET o 2. LoV —F v TAOEEIIZ T E 22 K16 O M. luterus
EEIR PG R OGBSI 4 O B. licheniformis MIILEEHIKD PG 2V, ZDL AT A
TR =20 Y —F v 7 LIZ4BHOVH > ROBENTE, REOMR S5 —
DOY NI BEHRIT DN TR 4 B ) H > RIcx T 3 MEERANRETETS 5.
TITPCG RN HEERTHELLT. oY —F v 7 L0 No.1~3 D 3 BFii M4
D PG ZEEMHML. NO4 BT T2 ELTHWE, PG IKMT 254813 PG 2E5E(LL 7~
NoI~3 DENENLDBEONZMEE TS /L DETH LI, TTHDIZ. 1%CHAPS
KR AELL 2ES > XD B % pHS.5~9.0 DREBIH % A W TBIF LK. thenzs
SNRTBEREELT 1001 gml KHHELADDIZDWTEIH—F v FTADRS % HI%E L
. TOMR, 2TOREEL PG & OMERMED 54, pH5.5 TR E W EIE S H
e(Fig. IV-6). & 51T, 5~40u g/ml OHEANTSY >0 BOBEKGHITHESE OB
N@H LN (Fig. V-7 .

U LDFERNE 1% CHAPS W& DAL L= BBIHIEIES > /8212 PG #5845 2 /87 3
TENTVWBAEMENE L SN, KICPG 2UHAY RELTHWET T4 =5 4 —
AT LERMOREEERS 2. 1% CHAPS 2&T SOmM Tris-HCI 4B, pH7.5, 12 & 0 Al(L
UTHSNZBS > /32 B 10mg % 0.5%CHAPS %48 SOmM MES $2#%g, pHS.S5, 1% L
TEN L. FREWRICTEEL L PG-7 7 4 =5 4 —H 5 AHOE 13.5mlh 12T B ts
RUTEFSE2. REEES OWEEIT 280nm OWLILE e Lisdt 5 EE LR iz T
frofe. W 0.5M KCI 28 O EHiLR G £ Y 0~0.5M KCl OBELRICE D Fo
2o Iml 2 1755392 LTED, TNENDT T2 a 22D 0T BIACORE 2 &
% PG MEHZHELFig N8), REFT S5 a2 PG LIESGERTY NI E
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I3HBH 54T, M 100mM D KClIZEDRIMENET S22 a 212 PG AN ERT S >
NROEMBH SN, ZOREREY—F v 7 LD 3 O PG DWTFHIZ bt ot
AUTER, Fig. V-7 TRIESD FEBHR PG ICHT BHE KDV TOBER L. Z 0%
EOBDENZT T 5 a> 51~53 24D, #200ug DY > /87 HHE SN,

(4) PG REERRM OB

 PGTIASFANSLIOT NS T 4 —i & DI U IR AT D PG i
65>N7EEDMT.MhMMEﬁ%EﬁﬁmiﬂumemmﬂwaP&:#?yﬁ
O LPS IZLBEE( PC ~NOREHMEEME LIz, M. luteus B4 FEBIK PG BT B,
hMmebﬂ@@PGﬁ,%h%ﬂlmuym.*??&UU%MS%uymtméiﬁ
(IR /% 7 BV W10 1 g/mDITMA . THBNIZDWT BIACORE 1= THlE L7=(Fig. V
e AL PO=NVTHEBRY VNIV EADHZMEL THONIEE 100 &L, SE5G
T THRONZMEXIZTR LU, ZORKE, MEEE PG 12k 0 ESE{L PG & DfEA AT
2 PO—IVITHAK) S0%IBEME S Nd, EOMOR TIZIEEAMEIIRD 5 Nish
2. TR PG-T T4 ZF 4 = ALK VBONEIESY > NI I PG BRMIZKS
TEINRIEADGHET D L2 FBTHHETH > 72,
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Fig. IV-6 Effect of pH on the binding of solubilized fat body membrane protein
to immobilized PG. Fat body cell membrane was solubilized with 1% CHAPS.
An aliquots was taken and the pH of the solution was adjusted to 5.5~9.0 as
indicated with MES buffer (@), HEPES buffer (A) or BICIN buffer (H).
Samples (4 i g protein in 40 (1) were used for measuring the binding to
immobilized PG with BIAcore 2000.
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Fig. V-7 Dose dependent binding of solubilized membrane proteins.
Solubilized membrane protein (40 1 1) of the indicated concentration was
injected in BIAcore 2000 and the binding to low molecular weight linear
PG was measured.
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Fig. V-8 PG-formyl-cellulofine column chromatography of solubilized fat body
membrane protein. Fat body cell membrane was solubilized with 1% CHAPS and
applied to a column (0.8 X4 cm) of PG-formyl-cellulofine equilibrated with 50mM
MES buffer, pHS5.5, containing 0.5% CHAPS. The column was washed with the same
buffer and eluted with 40ml of a linear gradient formed with 0 and 0.5M KCl in the
same buffer. 1ml fractions were collected. Each fraction was diluted ten times with the
same buffer, and analyzed by BIACORE 2000. (s ), A280; (====), binding to
immobilized PG; (e ), KCI.
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Fig. IV-9 Effect of various glucans and LPS on the binding of solubilized membrane
protein to immobilized PG. PG-binding protein was purified by PG-affinity column
chromatography. Cell wall PG, linear PG, LPS or chitin was added to the protein
solution (10 & g/ml) and the binding to the immobilized cell wall PG was measured in
BIACORE 2000. The value was expressed as a percentage of the maximum binding in
the absence of added competitor. Cell wall PG, B. licheniformis cell wall PG

(250 1t g/ml); Linear PG, M. luteus linear PG (250 /£ g/ml); LPS from E. coli O111:B4
(500 1 g/ml); Chitin, (500 1 g/ml).
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