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Induction of Bactericidal Substance from the
Immunized Larval Haemolymph of L. illustris

Yook, Soon-Hack and Chung-Soon Chang
Department of Biology, College of Sciences, Inha University

ABSTRACT: It was known that normal-haemolymph from the 3rd instar larvae of Lucilia illustris
contain a lysozyme (or lysozyme-like substance) with bactericidal activity to gram positive bacteria, and
the bactericidal activity of injured-haemolymph was increased significantly after injuring the body wall.

To elucidate the defence mechanism of insect against the nonpathogenic bacteria, the immune-
haemolymph against Escherichia coli K-12 was prepared after immunization. The bactericidal activity
between injured and immune-haemolymph was compared, and it was revealed that the immune-haemo-
lymph showed higher titer of bactericidal activity to gram positive bacteria as well as to Escherichia coli.

The bactericidal substance from the immune-haemolymph was purified through a successive chro-
matographies on Sephacryl S-300 and CM-Sepharose CL-6B, and it was characterized as a basic protein
in nature with heat stable property at acidic conditions.
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3 tH(Yeaton, 1983 ; Cooper, 1985 ;
Rheins & Karp, 1985), of2i7}x] ule]7|z}
%9 Aol Alitg F (@) E B =
A=l wiodulo] EAlo| Aloiql haemolymph i
oAl4] AAd=lo] o] & o] 83 AW Apr|ute}7| 2t
o] #axictn ¥ n=|gich, (Faye ef al., 1975,
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Mab ofdel EFe] AAANe A folx
lysozymee|vt o|9} §-AF3F &% o] haemolymph
ol Eagte] ¥ 159l o} (Hoffmann ef al.,
1981 ; Hultmark et al., 1982, Kubo et al.,
1984) oleigt &4 T Aatolvt 2Hgol A3t 7]
zhe- i slsiA whe A Al &

2% Aol P
Ao AL "4°i°ﬂ oJEA =
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polypeptide®. 011—01751 "'J" Aug] Faeln B
28 vl ok (Boman ef al., 1974 ; Faye et
ul,, 1975), AG7HA& A7 el oapd 25
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E}Bullo] ;ﬂou/(-] u:}o-ly;ﬂ
(Qu et al., 1982), “303“&0%
2 ol 9]e] whulAlof sz utel Al uprt gick,
et £ Heja g s AA “H 7t g rtAlo
el Aol
lysozyme®] 3’“&‘:« 03 Al tﬁﬂf“ 7hg4do] Q7
ol lysozymed] FEriAEE AE3leie] AHE
slasob 5= of2{ o] olof olofl ot wlmd+
7F mlu] gk Alefoln] frZol s UslAT Ald
< 19T A F3] FEHol x FvkEe B
+ 9lovk(Boman ef al., 1981 Hultmark ef
al,, 1982) oM f=d 459 44 A%
of Eg vla e Aoes waus = gl
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2 odtolsE z}2)E (Diptera)e] 52l
A 33Ee Age stod AHE e & F=
7} Z713cha. B 2" e} 9l lysozymedd &1 E
A AlF-S WA He AL s FEA
of SAAM ARE W2 E, coliE 1S AR
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ARdAs e A3 dFFulE AT AT
ol Felstel AP el Agaksiet,
o (normal-haemolymph)-& A 38] Z=oll 4] 24 2l

Pl on, oAl (immune-haemolymph)<
saline (0. 85% NaClyoll F-f=lo} v E. coli
(610nmellAl O.D, 0,42 zAshHE sj3-83of
3l ke 29 Aol FAIA ddE A
Z 25ColA ARgehdA] YA Ao w L
9] phenylthiourea® 3 AlFd ol Ads}
gt aE= 7 haemolymphs Aol 1087k
ulxlsled w47l %, 4CeolA 15,000xgE 20
37 dAEeste] o] BAE AAT F 2 e
< Hslo] -70Co) EpstA Ao ARSI
o, AAE 3l 39 AA (injured-haem-
olymph)-& #H-83-g ApEsiod AlHo] F4-
& 24 2~33 AE F 4] AUz FAsA
7+A o g2 A8l vh(Zachary &

A AL
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Hoffmann, 1984),

3} ulix|

P Aol AR
skl wiekdt & “YEAZAIN" Micrococcus
luteus 1AM 1056 strain), Escherichia coli
(K-12 strain)®} Bacilius subtiliss 83+ o},
77ko] fae vlokE  log-phaszed] S ALE3)
A M. luteus v§Foll = BHI(Brain Heart
Infusion), E. coli®t B. subtilis® 7% LB
(Luria-Bertani) ¥}=]5 ztzb AR&-3tgich,

Algel Xz

Ao AHEs AlgE 7 Ade] 1M acetic
acids AHEsle] ZEFF sl 0,25Mo] HEE A
2lelo} 5¥2F #el ©hS-(100C) 4TColA 18,
000X g2 20:7F YAlFefstod 2 AHGolg Ald
off AHg-shodct,

Nephelometric test

Z7ke] FF% 4C2 PBS(phosphate buffered
saline ; 0.1M NaH,PO,, 0.1M Na,HPO,, 0.
15M NaCl, pH6,4)ol #5417 F, E435A
(Perkin-Elmer 5528)2 AR&-3ted F4-3}a 570
nmeilA EEEE 0D, 0,2~0, 3o 25 ok,
F7F F-w5ef e 4T PBS 1,0m/el 10 1l
&g A7hek H 37ColA 3087k #A=st 570
nmellA 79 A= & FHe2 A5,

Inhibition zone assay

=27E 0.1M PBS, pHS6, 4ol 7—} 7to]
2x10°cells/ 200! PBS7} HE& 3 é?&
= 19% dkgAu]z] 6miol gol wix]7} 27
Aol petri disholl ¢FA =E3stgich, w7}
Z< 5 A7 2.5mme FHE ukee] o7 3
ule] AAAEE P 30Col|A] 184)7H5<t whA]
A7l o Ao AAA7E Aol FEE 7o
o] AAE A3}, HxzFo2E HEL(0.1%
hen egg lysozyme, Sigma Chem. Co., USA)
£ Y3 wog AL)slo] normal, injured %
immune-haemolymphste] A5 vlx HEsHY
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2T BAHLe 4ColA AAEern, E.
coliz MAL AAF & gFaio] 7 w9kl 26

AHE-s)

A7 2] immune-haemolymph® 4] &%
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91, 0,15M ammonium acetate, pH5. 0 S5
&8 A7] Sephacryl S-300 column
(130x2cm)ell 4.0mie A185 ol gelfiltra-
tion chromatography% a3l 2+ *2l9
< &Y sdF8Adoz AxEoln, F49t
280nmell Ao F3=g S 7 FEo
-2 inhibition zone assay® Z%3}91 Gel-
filtration chromatographyoll &3k #3 Fof4]
gatedo] 2eld #3& 4% ohi] CM-Sephar-
ose CL-6B ion-exchanger(23xX1,0cm)Z re-
chromatography & #3t%ct. & 50mM ammo-
nium acetate, pH5.0 S8 2 geld 3
A7l & Al3E 493, s0mMa 700mMal
ammonium acetate 252 7+ 150m/& AHE
glo] ASFETulE FEAA 2L 7 1Y
ds A=A 55T
A38}7] $l8led inhibition zone assay
%t

Hods

+elFHAA dEEE el
Gabriel (1971)9] ubHol wel 15% acid-PAGE
(polyacrylamide gel electrophoresis)S #3153
t}, & tracking dyeZ+ methyl greeng AH-3}
gdoo] oFFo] Eyl gele 0.1% Coomassie
brilliant blue R-250(in 7% acetic acid, 45%
methanol) 2.8 43 & 79 acetic acid-45%
methanol §-°80 & el519]c},
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Normal % injured-haemolymphe] &7&-&
53 wlasly] fsted 37482 HEL (hen egg
lysozyme)& AH83ted, 2k tAF M. luteus
ol g 3738 nephelometric test® Z73}o]
FETAL Agow, ol % olg3led ol F|&H
7} haemolymphel] 3l &F8 ZHo] 7|Fo g
Adskeh(Fig.1). ol EZFFAE o|&sted L,
tllustris A| 38%9] injured-haemolymphe] M.,
luteusoll NZt AL AAE 3l F 354704
B FAA Folzlor] 42417k o]Foll = 243
F7Fetdch(Fig.2). 59 weeg E. coliol
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Fig. 1. Standard curve of lysozyme activity according
to the Nephelometric test.
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Fig. 2. Induction kinetics of bacteriolytic act}‘vity of the
haemolymph after injury by Nephelometric test.
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assays AAlske] makekiatal M. luteussh 1
ebgAdatal £, colioll THEh gl g Halalt,
Normal-haemolympha= M, luteusell thal -
AAeiAzizl 13,040, 7mme. ebiEg ek
of zteddefoll M5 gfalo]l Faela glgeol ut
#HHP o, E. colioll wHalA ahtdel
Injured-haemolymphe] 7% 4% ¢jal 3 4]
7hol 73 bgholl ufel M, :
Hap Fokstel 72417F Zolli= Alaeldvioh 19,
041, 2mmell olzglovt F. eoliol vhall 4= 4
A A 7F7F normal-haemolymph2t el off 4
oot (Fig. 3 & Table 1), zxeiv} £, coliz 1

yv

lutensell Wl Gralol

i

)
{

& 4413 5 =& immune-haemolymphell
sto] Flgk whd o2 inhibition zone assave 4
A3 ZAzb oEkekAdaral M. (uteusoll wHaE S
e 26417h8el a2 golxlehrl AHA ghiel
ger & colio el A =

3 ashEAEl L.

15,042, 0mme| Abed3dl Akl A 715
(Fig.4 & Table 2). el
-haemolymph 2]

B9l
712k immune-
mnjured-
-haemolympholl Al W& 5= lysozymest A+
AR FFEAolee 2EEitols FFuS

749 normal =+

Fig. 3. Antibacterial activities of injured-haemolymph
against M. luteus by Inhibition zone assay.
N : Normal-haemolymph
Inj : Injured-haemolymph (45 hrs, 52 hrs, 72
hrs)
L : Hen-egg lysozyme
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Table 1. Antibacterial activities of injured-haemolymph
obtained from various time intervals after in-

jury
Diameter of inhibition zone (mm)
Bacterial strain
Haemolymph M. luteus E. coli B. subtilis
1AM 1056 K-12
Normal 13.0+0.7 - -
Injured(45 hr) 152+ 0.6 4.0+04 3.0x0.2
Injured(52 hr) 170+ 1.1 4.0+£07 3.0x02
Injured(72 hr) 19.0+1.2 5.0+ 0.6 -
H.E lysozyme® 24.0 £ 0.9 25+03 6.0+038
Blank? 25+03 25+03 25+03

20.1% lysozyme was used as a standard
b0.15M saline was used as a reference
All values are means + SD for six individual tests

E. coli

M luteus

Fig. 4. Antibacterial activities of immune-haemolymph

against E. coli and M. luteus by Inhibition zone
assay.
261.: 26 hrs larvae immune-haemolymph
48L: 48 hrs larvae immune-haemolymph
66L: 66 hrs larvae immune-haemolymph
66P: 66 hrs pupae immune-haemolymph
HEL: Hen-egg lysozyme

Zte BAo] EARHE AAbsteg ArgEE st
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Table 2. Antibacterial activities of immune-haemoly-
mph obtained from various time intervals after
immunization

Diameter of inhibition zone (mm)

Haemolymph Bacterial strain
M. luteus E. coli  B. subtilis
1AM 1056 K-12
Normal 13.0 + 0.7 — -
Immune(20hr) 20.0+1.1 40+£06 4.0x04
Immune(26 hr) 28.0 +2.4 150+2.0 50x1.0
Immune(48hr)  16.0 £ 0.9 5.0+0.9 5.0+0.7
Immune(66 hr)  17.0 + 0.9 6.0 £ 0.8 6.0+£1.3
H.E lysozyme® 24.0+0.9 2503 6.0x08
Blank? 25+ 0.3 25+£03 2503

%0.1% lysozyme was used as a standard
50.15M saline was used as a reference
All values are means * SD for six indivial tests

223 immune-haemolymphel 4
‘4‘14 = :L%"‘é?_i"’ﬂ tisle] giEE 2w &
4&174—?} obolr 7] 93] ghqtEde] 7}

647142 immune-haemolymph 4,2
mlg Sephacryl S-300 column chromatography
2 AL B Orlje] 3o g o] zhrte] 3
o disted pH7.02 PBS buffer2 F43% ob-&
M. luteus®t E. colid) g 78S 2431

Fig. 5. Acid electrophoresis of crude immune-haemoly-
mph on 15% polyacrylamide gel at pH 4.0.
(a) 66 hrs larvae immune-haemolymph
(b) 66 hrs pupae immune-haemolymph
(c) 26 hrs larvae immune-haemolymph
(d) Hen-egg lysozyme
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Fig. 6. Chromatographic elution profile of immune-
haemolymph (26 hrs, 4.2 ml) on Sephacry! S-300
column (130x2cm) and eluted with 150mM
ammonium acetate buffer, pH 5.0.

The fractions were assayed for antibacterial
activity against M. luteus (® — @), E.coli (O - 0)
and the absorbance at 280nm (----).

o (Fig.6). Fig. 6ell4] 2 vlot Aol ¥-3] 4,5
3 6ol F ATl dhEt FFHL AANT 4 9
o] E, colioll W3 dFHR} M, luteusoll o
g gdEe] of A Jelskel, o] 2358 A7
dFog HAs) B An gl s L 5
+3ollA 2719 band} fFElo] VElyttt (Fig. 7).
Gel filtrationoll A &d&He] Qle 4,5 % 64
235 wo} t}r] CM-Sepharose CL-6B column
22 rechromatography® AlA]sled 670 43
o2 vrglew (a~f) 7 £3o dFHe &4
Slod B A} e} f 304 El= i} (Fig, 8).

Fig. 7. Acid electrophoresis of immune-haemolymph in
the course of purification on 15% polyacryla-
mide gel at PH 4.0.
(a) 26 hrs larvae immune-haemolymph
(b) Pooled fraction 4 from Fig. 6
(c) Pooled fraction 5 from Fig. 6
(d) Hen egg lysozyme
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N
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Fig. 8. Cation exchange rechromatographic elution
profile of Pool 4,5 and 6 from Sephacry! S-300
on CM-Sepharose CL-6B (23x 1 cm) with a gra-
dient (0.05-0.7M) elution of ammonium acetate
buffer, pH 5.0.

The fractions were assayed for antibacterial
activity against M. luteus (® — @), E. coli (O - 0)
and the absorbance at 280nm (----).

Hog F&Fe] 7% FFo Aol oigl

1 B2 A7t sof o
F vk VhkRe} o] Bl
?& °d—?(Boman el al., 1974 ; Faye et al.,
1975 . Hoffmann, 1980)7} ci5-3-2 o|F3 g}
th, 2 FAME Samia cynthia®t Hyalophora
cecropiad| BHH B3 AFE FYAZAoH §
TEREES 758 & Uz, vy Ade A
Holl F9lAZle 24 M2 ohE 107k4] A9 o
WAool fx AJAE o,
proteolytic lysozymeo|eti ¥ 13}t (Faye ef
al,, 1975, Hultmark et al., 1980)

z °4:1L°ﬂ/‘1£ Adolgle wlHedA Aldal
colis % Aol Felste] A& Al o %F&L
%7‘°l gk Fo} Alfellat HoldAl ZHE-g s
A, F& oy F9 Aol didldME TE5He
2 A8 ST Ags) B A, aed o]
X AAE lysozyme AAA EA-o )& 31913
T Udton wodo] o3 fx A %ﬁ%"a}
HWAE F Alfoleels ofe] Fof Alfol EH
Ax we gEE JeRisicH(Fig. 3, Fig.

Pye¢} Boman(1977) 5-& o|5 £&o] ~ n94
2Aet Zo] dAsjHoz FAsiE|o] FFFzhE-g

o] EA8 Z3sldd

£ rlo nt =1° |

\_/ol
Y
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HERTL B asielm, AAE Folguw 4l
w2 o FAL 4 FL Zala) 443 5

< 38 TR 4 = Tddga «
© A ATEAdeleln ®Rusn glow
(Faye & Wyatt, 1980; Boman et al.,
1981), ol& 39| AL fat body cello]4] o]
FolAlcka ¥ w} OH‘/}(Dunn et al,, 1985),
FHZol| o]z P FEL YA|sle] Tz fu)=
of o Foll gk “'d°37]ﬂ°ﬂ Hslod g o7}
A& Foled (Verno et al., 1983, 1984 ; Knaap
1983} Hurlbert ef al., 1984 ; Vaillier
et al., 1985), °o|& <179 ol¥¥o we 2y
T 7] Aol e Aoz, B od7o Addxy
89l L. dllustris +33 2dl7]o) a-FaS vlm
B A fo g ol wd|7]g Sy
of A4 JebdS o4 5 gl q"/’r(F1g 4, 5).

2GR dtF Al B3 ATE H. cecropia
ol 7hd gol ¥ud vl 9lw, lysozymed &
sto]  cecropin(Rasmuson & Boman, 1979 ;
Hultmark et al., 1980, 1982 ; Steiner et al.,
1981)7% attacin(Hultmark ef al., 1982; Lee
et al., 1983 ; Engstrom ef al,, 1984)o]g} 4]
g o EAe] duzled, gaHe] s
=& F9 4L cecropin A, B ¥ DA Bz}
gko] =& 4Kd9] A7 A chalAlolgly ¥ w3l
i, attacin® °i7]/("—‘+ AR s FAe] Tl
Fej7h glom] Exleke 20Kdal A=z odeizich
(Boman et al., 1985). olf Bwo} ¥ o9
Ao} vlmsled & wl, L. illustiris 7% Fig. 6
o] Azl Ao} o] bkl 7l SAJAlFol et
FEag Wt dA e sk Qo A g
z2H8-8 ";}EMHE Ale¥e] chromatogramito.2 &
W Holx 27kx]9] o] 3k slsAle] glrh
3 Az

g Okada % Natori(1984, 1985a, 1985b)+=
Sarcophaga peregrinaZ. ¥-¥] Sarcotoxin &
=3 ¥ o] £4& HPLCE #4% A3 1A, IB
ok ICe 37HA] £ 2 FAso] dokn ¥ u}
UL, & AgolA e FFEAY A B AY
o4 Maz ALE L. illustris7t ¥1% S,
peregrina k= AFAH TAdFToln =
chromatographyel| 4] 2712 €44 71548 HE
SR lgleme 9o} e wiow RAMF S

o
o

et al,,
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Z kA1) o} (subtype) &2 o] A sbeAE
Utk Azt ot

B oo Foll AL3 L. illustris® normal-
-haemolymphell lojA= Az wHedg 36}
ok= M. luteusel A ol EAsta gl
9l.00i injured-haemolymphell A= A28 & =
Az o g Zrslith (Fig, 2). =3 Zachary &
Hoffman (1984) 2] 7Z el 4o} 7| E. colioll
g FtEE gigich wigdAolniA Abolgle
E. cloacaes} & P. aeruginosas 7+7] wled3
2175w FE AAse S disie] oz
TF5 AHEsled FAsle] £ A3 7k Y
< Yel A o} (Hoffmann ef al., 1981).

AGNA BuH AT FollAd AgdTE AL
3t E. . coli+ LPS(lipopolysaccharide) Z°] ¢l+
Fdulo] MAE AR Aoz B AgoA A%
& A4 E. coli K-1280hs g-F2e] 4 et
ok (Monner ef al., 1971 ; Boman & Mon-
ner, 1975), Lysozyme2 A A H 22 gram
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negative Aol sHalME 3
ol L. dlustrisoll =99-& = 5 264704 9
immune-haemolymph®} 739 B, subtiliso| i3l
A ghrEe]l A9 glodxal M. luteusol hat
o4+ normal® injured-haemolymph®] 74-$-
of gatedo] wAl el el Exfsha] odgk
E. coliol g = 574 velxtch, ol &

Aol ssle] AHEx] Aoz slmdle] & o
ammonum acetate buffer] 44 pH(pH4 ©
sh)ollA] ol 7}t ok AdS ‘/PEPLH‘R,{ . AA %
A% 42 = A FFEAS lysozymedt vl
aate] & o FAEk A g °ﬂ‘1 vlseghk A4S

el gledl vl

U

Ol
o

=l

23 Qe 7|4 chillAolela Azbsioict olg
g A2 Mol L. illustriss BAAQ Arefofl 4
?ﬂ"l‘ LH of 1ysozymeﬁr NN5Hoz GAE EAlo

\_ =4 =]
o [e] -
4 v,-z ST 3% A% 4 o e
o) o] > [o]
FYAL AE Jde 2e o]WHel o] =

¢

A Aene] AFF =2} (Lucilia illustris) ) 323%2) A|¥ (normal- haemolymph)__i B aakord Aol tate] gHF

o] 9% lysozymec (or lysozyme-like substance)& 2-q151ei0nf 24
gtede] Z7t Solek, 53 wlgdA AFQl Escherichia coli K-122 wdshe] ol

injured-haemolymph®.t} 28tk Aldoll tise] rf
£ #7Ee derigie.

Immune-haemolymph® #¥ & #2& dx

CL-6B2 £2jA17l A3} 47| giEd-e 4714 E"—."—iiﬂ A
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