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Prophenoloxidase= ©]2] #4338 <¢] phenoloxidase
2 Rl 259 Ad, 7 2 cuticled] =)
3t=t] =LA tyrosinase typex} laccase typel.®
5™ cooper-containing enzyme® 2 &# A itk
ddukse] Bodts o] G4AE proenzymeo] 3
g2 #&35}t}71 peptidoglycan, lipopolysaccharide,
B-1,3-glucan © zymosans2] parasitic components
o t]$-8 PPO-activation systemol] o]aj &4)g o)
22 AZFTh non-self moleculese] H-<e) o
g 2Fo] AgukE ZARE FAEE antimicro-
bial peptideE HIZ$ o] 7}A] MEA, AAA
Hea g Eo] o]2 g+ PPO-activating systemol] o] 3k
induce activationol] ©}3) I Ht}. PPO-activating
systemol] = proteinases, proteinase inhibitors, recog-
nition molecules 59 & GWAZo] ¥
Ao, o] AlY &Astd weld GAHA HE
(H£F 02+ phenoloxidase)e] A E3FQ &A
o] el 1 A7 hostol] tist oA AI7F &
TEL oA B =ddxe 59 wIA9
ole] A3 HAAF FAH IS I
phenoloxidase®} PPO-activating systemS 59| Af
A golAgolgte AYolM AAHoZ AHE
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1. {Pro)phenoloxidase2} Prophenoloxidase-
activating System

PPOE= ¢JHA}=-A] hemocytesol| Al &5 & serine
proteaseol|] 2]l proteolysisel] ]3] plasmaulj ol 4]
g4stdn). o] PPOY &A4sle AAA HE
Mot ol phagocytosis, nodule formation, melanic
encapsulation® Z2 AEA WAz wf¢
8% 9L st Ut o] MEA HF7)E

HEZo] non-self recognition?} immobilization
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HAQe F AR dojdth F=RE HYd
M 7w plasmac] U= pd7 GHE
o] Bao] o3 AAHI o] ATE] ME FH
HAY FFFH FHEHe Fo 3RS
p47, phenoloxidases, PPO activators, tyrosine 5ol
o3t dojdtt. Ao pa7e F 7 FHE
EAge] 4#HA gl=d], membrane-bound p47-L
phagocytosistt nodule formation2  $)3}  effector
moleculeZ 283}, 1] soluble p47- humoral
killingol] 7]&sle= Ao g d#yA Ul o] pda7
o] PO Zgo = A7 tyrosine FEA Y ZEH
of A9 EWHe FA¥dthe 7HIE o|Fol W
= 7127 JAt F AEAY 297y AT
o = LPS-tyrosine derivatives-p472] crosslinkingo]]
o A7 EdAF 8% 9EE I UeS
ofm)5heh,

Cuticled]| &= phenoloxidases®] 2ZF-2-of o3} tyrosine
e BHHE dAS] E coli® immobili-
zationA] 7] A3 FHH integumental proteins
o] EAgtt dA e, oy o]
ofgox FAFHEY ddAs= ofm ATA]
JEA dalire obF] HEAA k& Aol
t}. Hemolymphol| &= LPS clearanceol| 7]3l= &
3hte] gl go] ZxslEd], ©)& lipophorin (Lp)
o2 Lpe LPSe} Af3te] fYE LPSY )
MM Frio] 7logrt. webA Lpe LPSY
FYPo2 FaEE humoral immune response®] 7

£ EdFc 9%& U= sked ol Lp-
LPS complex”} cecropin B mRNA2] &5 & o
< F9FEUE AHEAE EAHA

Foreign molecules-S- ¢4} 8} recognition factors
7} PPO systemS A3 A]7)=d], POE phenol&
quinone 0.2 ZHEFA]7| = oxidoreductase©]| ™ tyrosine
g AsiAFle A9 FdEo melanin?} 2
HZFAE] Mg A EE toxicdtA F-&-
g POE EFZUA PPOY FHZ &3}
=H), o]59 Ex%E 7 70~80 kDag} mono-
merZ E 0|9l 2w proteolytic activationo] dot
29 PO= 60~70 kDa®] #x}#& ZrAl Hrh
Cockroach®] Y91 Blaberus&| A PPOA = endo-
genous lectind]]l oJ3 &A3lEcin A Ut

PPOE= signal peptide sequenceZ 7}AX] o

o

N 7153FHA FElol2d uig AFEHAE
ztet) w3 o8] £F (Manducs sexta, Drosophila
mellanogaster, Bombyx mori)|X AAE PPO2
sequencer= A FHOZE= ¢F 40% AXE, cooper
binding siteFHE % 60~70%2] homologyE X
oz Yok FH TFY FHo =M= PPO
polymorphismo] JER}7IE sy 19l FR4L
o7 WsiAA ksl

PPO<= native proteinased] 2]t proteolytic cleavage
of og) &gt Serine protease] PPO-
activating enzyme (PPO-AE)2 D. melanogaster$+ B.
mori 5o A A=W, 1 Expgo] ulg 30
kDa A=& A2 Hzsttia deix ok 19
U AZ71A oj® PPO-AERE o} cloning® o] ¢}
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2. Prophenoloxidase-related Proteins

AR wAE AR 29T & Ue A
recognition proteins®] & X I HAFE
A SAEAEE, o]E FoA d¥e AR &
Bol712s f 5 Byt olyg}l PPO-activating
systemo| & BH=HE A0E FHA Yo o] F
LPS binding protein® o] Fo|A WAEYET
s Z7e we Holg TzE 23 Ao
Hemolin® LPS¢} ZA¥sled hemocytes®] aggrega-
tiong HHA|8}3L opsonising factorZ M 9] HEg% 3
o ES ol EAFEe HolgA e
hemocyte o= LPS receptor7} EAgcn B
g bh Stk

Gram(-) bacteria binding protein (GNBP)©] B.
morio| A LAER 1 EAFL 50 kDaE bacterial
B-13-glucanase?} FAMIE 7FAZ k. 53] o]
20 BT Hla Ade 63% 7HEY
homologyE Holx Qlonz o] thlzge [.13-
glucan®} A¥3t= EAS 7HAR Qe ZoE A
Z+=t}h. Horseshoe crabollA] E#8]F  B-1,3-glucan
binding protein (BGBP: Factor G)2 F ZF<o
A AT$l2 &5k, large subunits glucanase
domain, small subunitx= serine protease domain<-
¥z} 7R3 e} P. leniusculus] glucan-binding
protein® 100 kDa®] wakdlolm glucanase-like
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motifE X1} glucanase activityr= ¢1o.1, Factor
G%} sikworm GNBPel= $£33] v, Zulg
A% P. leniusculus®] BGBP= A)-$¢-F2] LP13} uf
% fAksich BGBPo| A-13-glucans2 2] 3}d
o) gulde 8T wuel FF

PPO-AS2] components?} immune factorZ4] 2]
A Agde Aol Y BRye a8 24 ¢
t}. Manduca sexta®| 4] interleukin-1-like moleculeo]
PPOS} POol| ZAgtele] Pz ellxe] interleukin-1
£ #4317] Y% carier2 g3t} 71A)€] hemo-
cytesol] 23t cell-adhesion molecule2 76 kDa
o] BEAES AY peroxidase®] 22 peroxinectin®]
Gz W e o) 5o 84 2 A
Ae dudy FaAg #do] §lg.

3. Prophenoloxidase-activating System?2|
=3

Aol phenoloxidaser= TEA|WoNA =&
toxic3t intermediateE AJAASHA H2E iR Ee
PPOE zymogen® 2 U oA vesiclesd] £33k
th. EFqMe AEAES  protease  inhibitor7}
PPO9] A4S A o2 A5t Aot Locusta
migratoriad| = A 7}FA19] inhibitors7} HAE
£4), o] & F 7 (LICM 1z} LICM 17} B33 A
91t} InhibitorS-2 3 ££9 mRNAY 23
encode® F70¢ domain precusorZ2 FE HEEH
31 9tk Crayfishol| A= 155 kDa®] proteinase
inhibitor (pacifacitin}7} Y 7ZAH 3, o]EL& PPO-AE
£ 1:19 Fxnv|2 As)dlc} Pacifacitin® F 7l
2] mRNAYA] encode=™ light chain& 9 proteinase
domain® &, heavy chaind 4] 7§19 transferrin
domains2 At} Pacifacitin light chain domain
(PLDs)& LICM I, IS} homologyE 7}7|8i, th2
Z% 9] transferrinx} 3 antimicrobial activityS e}
il o]& pacifaciting} locust®] inhibitorE-& A}
28 389 proteinase inhibitorQ] HOE A=A
I Yt Manduca sextad\Xv ©@de] §AAZH
B ofd splicing# RS AX AAEE 12 serpins
o] HAHAEH, olE F st PPO-ASS H#}
Z¢] inhibitor?] Ao g 7VEET Qoh. B3 Musca
domesticadll= 4.2 kDa2] dopa-containing peptideZ}
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Fig. 1. A scheme for prophenoloxidase-activation in
arthropods.
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1) Fol (Bombyx mori)2l PPO System

80 kDao] Ex&F& 7}1A1 dimer¢l PPOS} 8-
1,3-glucan binding proteino] P Z 2 HE] HA 5
3, PPOT commercial proteased] 2]3f active
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POZ A&Ht} Plasmae] PPOE cuticleso) serine
proteinased]] 2]8}e] activation® 7| = 3led], o]
7oA} 5 kDad] peptidert AjEo] yEhdTHA
g#H Ak 22 o cuticular proteinase’} AAZ
plasma PPO2] natural activatore ©}L™, plasmad]]
£ PPO activationo] <&l serine proteinase7}
w2z ZAsT th B morie active PO £}
#Fe 70 kDaQl Ao d#A Ut

N

) 22 & (Crustaceans)oAe| PPO System

ZEFdME PPO systemo] E39} plasmad)
EZAA G LR E o F2 EAST
adez A9 host defensed A=
GF2RE o] Havt WEHACH s, o
He LPSSh B-13ghucanc] o8l HE}. ol
% 259 wg0] wojahul 76 kDa Tld
B-13-glucan binding proteino]t}. ©]& YA
232} 8o A cell-to-cell communicatione]] &% 3o
g} @57t e P2 RE EAEe] 76 kDao)
™ monomerd) PPO7} AAH I, o] §48 843
POE Z8A]7)E serine proteinase (PPA)= 36 kDa
9 BAES AE Ao Bud vl glok o] ppA
& PPOS}H vFEA)AS W) 76 kDagl PPO= 60, 62
kDa8] E4Z g =], o]Z commercial trypsin
o2 X5} 60 kDao] Tk FAPEh PPO
2 BT TaEpAE BT 3FF (6,
38, 50, 67 kDa)7} &A|3}=6) o] & 36 kDav} 4
AZ AEWA ppARM9] VTE e AR
w3 AT. 28u 7oA ppAS B-1,3-glucan,
LPS&} 22 PPO systeme] X3S £]3} elicitor7}
H7lE A god AAEAS HAA @ A=
vehdth ol& ppAZt A AFXUAAN EBALY
o2 EA%1 S AR Aotk

5. PPO System0f| &= El Factorse| M=

s Il

1) PO &4MA cfARMEo| 2§t Antifungal
Activity

PPO 7#¢] terminal component: PPO{IH] o] <]

it

82338 ¢l POX phenol-S quinones2 Ak3}A}F )&=
#zolth quinone ©]$9] Whgol 23| melanin
o2 =), melanino|t} melanin A7 F
ZH+E-¢) quinonic compoundsS HE 7]AYA fungi
o] WA} proteinase EA3E A& ghct.

2) Crustaceans® 76 KDa Protein

76 KDa proteine ZFMEZZHE PPO system
9] exocytosisE SEA|ZIT) o] wElAL FHIA
222H AAHAJs, inactivede| 2 S5}
7} PPO system?] activation®t FA)ol) EA]L 2HA
=™ o]E 76 KDa T4 2] conformational change
o] 9§ Aoz FZ2Hr} 76 KDa proteind cell
adhesion, degranulation, encapsulation $-2] A 7}
71%& 7 itk

3) £-1,3-glucan Binding Protein (BGBP)

BGBPE PPO &47Al9] 27} dAIA 283
th o] dulge §F o FFH 3 FY #AAF
oA 9, AAHA=Y B moriol A 62 kDa, B.
craniferol = 92 KDa$} P. leniuscus) A= 100
KDao| ©@¥jdo] 2=t} BGBPE fungal f-
1,3-glucanol] ZAgtste] ppASt POS] B4E F7t
AZo.ZH PPO systemE FAFA=H, HE
o] A & BGBPE plasmad] B} B&
ko =z ZRste] FTMNEE Alolel communica-
tiono] = #3cty A3 Yot
6ugy

PPO activating systemol] tjst AF7Ae AT
Ao osf REAHoZUr oY factorE Fof
W 2 729 75 dg 2dddo] ghsiA
71e stAAR 2% WA Hnbe] ZZ path-
way $HA3 SEAlE gL dAolt ANE
Ao futx}l PPO-ASS] AF##A, serine proteaseo]
9]3t Toll-signalling pathway 52 oldjsle A&
HAFTEAE U8 HAFZE 7HIAEA 83
A3 Abe v Fo 255 vEA ¢ &
£ F UASS AdvEte ZeE B, FFdx
olo w3 ALY IAH Ax FL ATt
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