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Nature of latent phenoloxidase complex in the prepupae
of housefly and its physiological significance
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Izumi Yamaura, Takuji Tsukamoto
and Kimita Suyama

Erio Phenoloxidase (32 BBFHCE T 5 BiFz,
REDOWAL, TSV TF o & 2 ORBFRICHR
U, ANV 32 U HERT AR E LT, ABERIT
DENBECEROL 2T A ETHETH S, &4
T Bk Vv E L Ecdyson OVEBEESICE TN AR
EEZLNTE Y (Karlson, 1961, 1963), ZHEEATL
I A CORROEMERI 6 T3 5 T & i,
Ecdyson DM %2HF L~V TIRE] $ 5 128 O 24
EUTHBECHD EELLNS.

1958 AR HH S & O Rt o ikt & LTl &
T B OAKIHGEY BT 5 £13 & A ETTRE
BIT i3 5 O, HIFas Fofcd HRali
WEEDH A T ERATIL, 2513 Phenoloxidase

(Tyrosinase) OHEEITE D X5 = DHER TR
FTELDEELLNDOT, MAEODYHE Phenolo-
xidase HTRIEVEZ: Proenzyme DIETLE{ET AT2%
TN EBARPTRZE LD A T EiTigDIz.

J&H o Prophenoloxidase (Protyrosinase) (-
Wi, ChLbh&s Bodine 5 (Bodine and
Boell, 1935; Bodine et al. 1937) {T&k 2 T3 Tic
e gh Tz, 378b by & (Melanoplus dif-
ferentials) DIPIT Protyrosinase DSFE{ET A C L%
A, ERNCIREE OB LR T OFEERH ST L
7z (Bodine and Allen, 1938). %7z in vitro TZC
@ Protyrosinase (SN, FIIGYEAR] s &k
h, 5T 60°C, 10 iyoInE, WUV LT

RE EEKEBYENE LS.

IO THERILIN S T E2RHL, HELE Pro-
tyrosinase # L% B OWERED BHE 1T & A b
DEIT L 2T B EDEZ AT (Allen and
Bodine, 1940, 1941; Allen et al., 1943; Bodine
and Carlson, 1941).

TV T APE (Ohnishi, 1953, 1954) 13 ¥ =
v ¥ g St (Drosophila melanogaster, Droso_
phila virilis) D > Sl ~D LR T T 5
Tyrosinase J&¥:OZH) % Ji~, ST EH/LTER,
ZNETRAMITIZIFFIAR N L X272 4 O3
DB ER U, CPRR AT I RMIIE T T A C
LREWMTz. X 51T Protyrosinase (3R AICHETE
U, BFO& 378 Toh 5 EVECEFH5ERAFIT
THES 5 L E 25T U, LR T3 NaCl, KCL
WEOTHEShA T 2R UL, FoxzigonT
LA T WA % A1z (Ohnishi, 1958, 1959). kPG i
Bodine 5 Q& EFHANRT OWEBENR LS L &b
5, BH iz 2 2L & 4 28 O Prophenoloxidase
PEFEL, —Hid Bodine 5 DY € R MEEELRFI
Lo THEMEINS 3 D, flud i ey HEEERET
ko TElban s § @ EFE A 72(Ohnishi, 1958).

N ERUL 2%, Horowitz & Fling (1955) 12+
a2 v ¥ g N QR 6 R DR DA AR
T AR, ZUD 7 2/ 7—EEHER2REI N
2%, 0°C TS % & B e mE b2 L L %
REU, &5c+aEibLicBaonict>T,

—_85 —
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B2 L 7: Phenoloxidase %[ 7o BFE 2t /sl
WITINA % & R¥EM 7 Phenoloxidase i {EAMLE
EINDCEREYD, LIEHTERLRTSSER,
Z OB IEHLOBRETRIRT A LB A, 2E¥DX
S IniEW L DR BHE LIS,

Precursor + Activator — Enzyme-2 Activator

e Karlson (1958) 3 Ecdyson O/EH
BB LT o v (blowfly, Calliphora ery-
throcephala) %19 (D Phenoloxidase 1ToWT #iy
U, S oOffii¥kiL, 12U Phenoloxidase 7EH: %
REBODIHE T B LEUALL T b, 15~20 T58
TU, MR ORI L > TEM LIPS 5
CERBDI. 2DFHR, HENOEERIE Pro-
phenoloxidase EFFEMEAMRTEWHI LS s il 728
DTS, BRBHMICBEORFIET 5 JERICH
M7z % DT, 51T Ecdyson 25T OiEHALRICES
LT3 &0 S R 2EUDTHRELT.. 208
Karlson 354 0% Schweiger (1961) 37 4/, xghi
B X NFICISIT A Prophenoloxidase OZEE) % i,
Prophenoloxidase 5 FWETFIC ISV THRREII 2 5
T&, FIoiGH(LRFEN: 25 Ecdyson 53t & %
AL L LUTHEARS A ED 5, Bedyson iddufatk O
HEO BMBETIERL T2y (Pufl) OBR%Z (i
U, BT OEARICHE: m-RNA OAR%
BTIDEHELUR. HAROF 2 VEILONTH L
NEMUBRIED SN T 5 (Karlson and Sch-
mid, 1955; Karlson and Biickmann, 1956).

B Prophenoloxidase T oW\ Tt FaRkoonx
O 2 A 4w (Tenebrio molitor) DT
b AiEM: 72 Latent Phenoloxidase 23 7#fEL, in
vitro TA VA VERY — 2 d>TiER{bkans &
B sh T s (Aerts and Vercauteren, 1964;
Heyneman and Vercauteren, 1964).

Karlson X ¢F Lieben (1961) (&% v/Nx 4D
7 % b &> 5 Phenoloxidase 2§ & UTEBHEL,
HERRVERRE LTRSS, C OEE o-Dipheno-
loxidase (O,-oxidoreductase (EC No. 1, 10, 3,
1)) THATERPESHITLIZ. 35T Propheno-
loxidase DiEM:AL2MEN, fceAL T haUF
Y 7 WHETARE TR ) &, B LI BRI
2RI VER YT ERE L, JOKO Diphenol-oxidase
M Dihic Monophenoloxidase #&HY: % § 7R3 C &
2HALMICLIZ. 728 Jenny 5 (1961), Horowitz
X ¢* Fling (1955) ik b, Phenoloxidase X Ml
K OEOYEET 70— AR UKET S &

ML I TV 5 A3, Karlson 35 & ¢ Schmid (1955)
i% Phenoloxidase DSEEEL 9L, G HETIX 2
ryuJ— ARJREEND EBNTND. —HFT I A
v &7 vl @ Latent Phenoloxidase %> 6 itk L
ANz 4 Dl Mono- #3370 Diphenoloxidase [
HOiFEH: 2R E W5 3N TS (Aerts and Ver-
cauteren, 1964). Ok 5 iKilkl & Ul i,
REEORANTE YRS AFRBA LN TEY, O
ML S H S SIS 20 H 503, COWET
13U F Bz Phenoloxidase EFERZ &1 5.

bhvbiud &K Syl i Prophenoloxidase 23
T H L 2R, ZOFEEILOBEZM~N (B
HiTF, 1964), I 5T D ANFEERFTK X3 >0 8
7L X D TRR I NI R ER (Latent Phenol-
oxidase System) Tdhs & Z2WPLITLIZ (P2
ToEE, 1968). Z 0Dk, COWBEZRZHME T 320D
%287 Ei344 LT Latent Phenoloxidase Com-
plex 2BRL T3 LRSI LIz, FT0WTE
R OEHIbIZ 2 8 7 OB EBIR VIS L
TV ATTREEE § HEER I Nz, —H R hIC s %
EHARTIC OV T EEORB 22, 20X
2y AR 2 B S o ic Utc CIRTERE, 1969). L
LR E EDH T ITHETS.

I E¥EbE 5 XU Phenoloxidase
& PRI AF o0 7 P U RE 7

1. &E4HEE

AP UF NN &L C Musca domestica vi-
cina Macquart BE#iR% v,

REBOAE L 26~30°C TAF & T sk Npt
BESHBITILDE D KITEMLUT. 6 D% K E LT
fFreotz. BESME T A~ ERYREERE (2 0 1 DHEIAK
BA) 220K ERELI S DIKfTEbY, 20
FEME IR, Sl LRl EE U 7 A EHREERE
PRRIE L, BRUIDC X SIKER LS 25°C I
ETHFE L. et FTicizize iz B Lic
5, WHLORHRZHE 2 A A 5 C &t Wit THD
120 LT3 o THEOE 2 Qa4 A 85 &1in (Pre-
pupae, WM White Pupae) 3 2E¥D L 51U T
BHIUTZ. T8 BkBE Ut Z2KTK GhEE2A&
HMBORME 2RI UL 2 JHHD ([T 5 &Rl
WA, REMEIZIF LT AT, thERUIC Nk B
W, X HICHE ST DRI LTI % B0V
U

2. Phenoloxidase jEMHIE R
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(1) WREH
U — IV S IREREE 2 v, 6.4X1072M O X T
o0 (Ao B, R % B LU, pHG6.8 O
M/15 ) U EBREME#E (0.9 % NaCl &%) f1 7T 25°C
KBWTRIGZFTSW, HEack b, RN EE
PR R, WA O 280 ma T35V B IR
(ODyg0) Hizh OBERBAE (#1) % & 2 TiGH:%
#EbUT:.
(2) Hofaps
Horowitz # £ ¢¢ Fling (1955) i€ 75 5 W 2.0X
10M pPL-UE Fea 7 =7 7= (DOPA) (N,
B. CH, Rl 23HE U, Bkick >T 1034
WENS %2 DOPA-chrome @ #ia% HSLB/ERY
EPO-B DL EHC L b 470mu D7 4 Vv 72—
FOIlsE UTo. BRI O 280 my 1B 5 EE
(OD 250) H12H D ODyrg # b2 THEHZED U
1z, Bk pH 6 & AWk 6.8 D M/1S Y L ERIEIK
T 25°C L THAWY, 0.2N KCN % 3 L
TSR LT,
3. EMARTFOEERER
—5Eft D Latent Phenoloxidase %A% (hilfii %# pH
6.0 0.2M Y EEREEE TR L, 7000 rpm, 30
DEBECOIHEL T BRSO WEAM L2 TH La-
tent Phenoloxidase %kl &, &S72720° LERDE
HHICHHTUC ML, 7000 rpm, 30 4YF O 5805
WElT L2 TA LN A B, HAICEEL Tid % D OD,g
% 20 IR LT WCHE 2 PR OEELET (pH 6.0
DIEWD %A, FMICHRLU T25°Citsn T30 5
MEE L2 T otc. AT AR % kit AEIC X
H L, ODyyo 2TEMEALRF OB (OD2so) 1T
LT7v v hU, ODugo % 0.2 &9 2% [BHALRTFIE
D ODygo 2K, ZDU%E &> THIEM 2FED
Utz E7CTGPEIAL & L Ti3 ODgg 28 1 (BiSR,.=1)
ThsEsOFMILATOL% 1B E LI,

I oz o ZEHEREICET 5
Phenoloxidase 7fitho 2510 &
®:7EVE Phenoloxidase 45 XU
ZDIHMEALINT D FETE

N DEED> HIHTH A EFRICEHE W T Phenolo-

xidase it Fig., 1 1R & 5 ICHEP LT » R
9. b bdsREOEEER LIS DD, ink
EH O (i) TRFESRNIRL, WO h
TR 28U TL 5. U»URINE Phe-

30

Larvae

Pupae

0O: Uptake (uhi

Day

Fig. 1. Fluctuation of phenoloxidase activity
in the process of metamorphosis from larvae
to pupae.

Solid line shows apparent activity of the
extract and broken line activity after
treatment of the extract with sodium
oleate.

100

80+

60 -

O, Uptake (pl)

0 10 20 30 40 50 60
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Fig. 2. Activation of latent phenoloxidase
in prepupae by the extract of aged pupae.

Curve A : extract of prepupae--extract
of aged pupae.

Curve B: extract of aged pupae.

Curve C: extract of prepupae.

noloxidase 2 07 { FEHLNDTRIL, ZOH
WHICA VA VB —F DBV R FVNERERY — &

(SDS) ZInA % LWEESHBILIZ. LIts>T
AEBR A o o RETEMERCIEE(L ST A RIEE R
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8D Phenoloxidase %A TWA CENYIHMITI
b, Bl EARoTikT I LT Latent Phenolo-
xidase DkIE Uiz,

Al OB L Z DFE FE pH 6.8 T 25°C 1T 1IFH
BB L T4 sA 5 Phenoloxidase 7EVE% /R & 72 W
%, CHUCEREM O 2 INA % &, Fig. 2 1TR$
X3k, ERORMSTERIOBE & R mTEDS
WEUIZ. UI2hsDT, Pk Latent Phenolo-
xidase OFMEILRT 2 GH LTV A LIRS, R
2 2 i LER PR o 3k & U1z (Funatsu and
Inaba, 1962).

IIL

FHilid Latent Phenoloxidase (% in vitro 1T
The4 o L REFEIER], B OF MR Fic X 2T
TEMILIN S T &2 TIBTCH, I 5 IChimislih
WRKITH U TGEN L, HBE2ET IS TEHEEL
LT S T EDW ST DT. AN TS
AR DTHEBILINZ §DEELLN B,
in vitro W T BN 3 > DRI X o TiFkL 2
I3 EDTES.

1. Latent Phenoloxidase &% MiH&EL

i iz 0.9 % NaCl %28 pH6.8 @ M/15 Y
VIR 3~ TIERPMATCHRED R - EL, W
— L CHELIZD5, 0~2°C, 10,000 rpm T 304>
M ODHEYT % & 3JBIToEsT 5. WBaERIRHE
E DB BNTIC L D TR N B ethik s 8, hil
BWPNCIWNT LY VIR EIRITER, BRL, R
B2 Utz & %ML Latent Phenoloxidase 7
WE LTI,

2. BEAFREEHEIC & Z5EHEAE

Latent Phenoloxidase 754t

Bodine 5 (Allen and Bodine, 1941) it k27T
INw Z DIFOLEYE Phenoloxidase (Protyrosinase
ENFENT) ORI & 8 SNTEE A F R hE
PEfiE N2 @ Prophenoloxidase O jGpk{bici3GE
TN EDPHEIN T 505 (Ohnishi, 1958), C
NI KU TIRIB 2L 518 Xl @ Latent
Phenoloxidase (34 L 4 VY — & 12 k> T w4k
AND T ENW ST, Z TR &
LimVE L% ST UTc (Inaba et al. 1963).

TN OREEIEANC L BB L R~TIc e A
Table 1 WRT & 5 wcpas + CRifEHHAlIc k> T
DATHALOIE L 2 T EWHLITIL b, Bodine 5
DFEFR E—FL Tz,

1.0+~
£
=
(=]
o 05 .
~N
w
0 : L v""l-u—u 1
0 05 ie 15 20
SDS mg
Fig. 3. Effect of concentration of SDS on

activation of latent phenoloxidase.
Activity was measured colorimetrically.

Table 1. Activation of latent phenoloxidase with various detergents.

Detergents 0,-Uptake, xl/10min.
SDS 38
Alkylsulfate 35
Anionic Alkylarylsulfonate 10
| Rote oil 48
! Polyoxyethylene castor oil i 25
s . Alkyldimethylbetaine 0
Cationic Dimethyibenzylalkylammonium chloride 2
Polyoxyethylenealkylester 0
Non-ionic Polyoxyethyleneaikylphenolether 0
‘; Polyoxyethylenealkylether 0

Manometric method ; 0.2ml of crude extract of prepupae and 0.1ml of various detergents
(0.5mg) and M/15 phosphate buffer, pH 6.8, after incubation for 30 min at 25°C, 12.8 uM
catechol, in a total volume 1.2 ml. Center well, 0.1 ml of 20 % KOH.
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fa4 A4 CREEHAIDO 5 5 SDS 00T S5y
MnTigto. Z OIR Fig. 3 BLF4IURTL ST
SDS 1.k AiFE#ALI: SDS ORE SNz R Tt
TORMEC Y, FHELITE Uic—i @ SDS/Latent
Phenoloxidase BHVEHEELI. oI DOIHALD
pH {&7#¥kt Fig. 5 R4 &3 ) C, Latent Phe-
noloxidase D%:5E pH FibkN © pH 7~ 8 ITE
pH MdHotc. BT TR OB N TIE
Fig. 5 IWRT & 51T 10~20°C DIEE IC Bl EHS
Holz.

18

0.5

E 1o /30 min

0 01 02 03 04 05 06 07

SDS mg/OD:zso

Fig. 4, The ratio of amounts of SDS and’.
latent phenoloxidase in its activation.

3.0~
£

L 20+
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S 10
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0 - 3L 1 1 1y
5 6 1 8 9 10 1
pH

Fig. 5. The pH-stability of latent phenol-
oxidase and pH-dependence of its activa-
tion by SDS.

(0) : pH-stability, (®): pH-dependence.

1.0 F---

05 |-

E410 / 30 min

1 1 -
0 10 20 30 40 50 60 70

Temperature treated (°C)

Fig. 6. Thermal stability of latent phenol-
oxidase and temperature dependence of its
activation by SDS.

(0): Thermal stability.
(@) : temperature dependence.

PLEDX SRR ORI TOA SDS itk 5
TRYE(ESIR 5 T Lk, VLT Prophenoloxidase
2o M ORI RGP R L T3 D &
EF A

3. AP OEMHAERTIC L BiERE

KA LT & TR Al & U TEHI U T2 g
»SIEHEILIRT % 0.9 %D NaCl %&ir M/15 Y &
FEREATIR (pH 6.8) THlL L, BMODHEICI>TH
A, UV ERERE, HHRSREITEE 2~ 3 BIiERT &
17k > T Phenoloxidase % REMHALL THRELIZD
b, B 33 BRI Lo TR I I, MR ki
BHT LSS SIEMRL, BRRERIC L D TR
INTEHALRFESR 2RRICA .. T elMs
TRUICIER U CEEBUC4t U1z (Inaba and Funatsu,
1964).

-—5F% D Latent Phenoloxidase %FE X & D 1
PALHRTC BT & Fig. 7 WRT X 57 S5
DOEME{LHER 22 A2 5. Fro Fi4 B O Latent
Phenoloxidase %—ER&O HiLAF Tt 45
& Fig. 8 OiEME{LiRHS A 54, Latent Phenolo-
xidase W% s, FME/LEE» v & U T Linewe-
aver-Burk ®O7'w v b %f7/25 & Fig. 9 IR §&
5 2T A 5hiz. Hofstee 7w v NT 3 A
T [(s1/V & (s] & ORICHBBFRVED shiz. Bl
L ORI N T IC L AR L MERIGTH S 5
L3Nz (Inaba and Funatsu, 1964).

RIS D pH, RINEELEMCEEIC RT3 5
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15 - Latent Phenoloxidase
OD2s0 = 2.26
£1.0 -
£
n
>
w 0.5
0 1 1
1} 10 20 30 40

Activator OD2so

Fig. 7. Activation curve of latent phenol-
oxidase by activator.

x10

0D,,, Activator /min
> &
T T

Euo/c
o

1 I
0 1.0 2.0 3.0
Latent Phenoloxidase OD,g,

Fig. 8. Activation of varying amounts of
latent phenoloxidase by a fixed concentra-
tion of activator.

W% Fig. 10 310 11 id. ELo 3% pH
i 6.5~7.5, BEEEIX 10~20°C T 3~10°C &
WS ERT & oz b s i bAsE ¢ oz, Zhic
KU 20°C LLETiimi bR S SBuc{E T L, 45°C
TSEaEE bk U, B R Tk 55
{kix Table 2 wWRTHIKIC Lo THEI I, ED
BN EEA LR RS RIS R MA T E &, 27
it Phenoloxidase ¥E¥: <3 A8, 3%k
Latent Phenoloxidase %, %724 % EME{LN
FrRZNZH, HoHhUDHIETHRHE U & 5 DM

0.5

0.5 0 05 1.0
1/(s)

Fig. 9. Lineweaver-Burk’s plot of activa-
tion of latent phenoloxidase by activator.

10 -

0.5 -

E4r0 / 10min

5 6 7 8 9 10
pH

Fig. 10. The pH-dependence of activation
of latent phenoloxidase by activator.

%759, Na-picrylsulfate, NBS, =z— |, EDTA,
FEE UTEEURT 2 REEd C & L > THEM
(b % W13 % ¢ & AShd>o72 (Inaba and Funatsu,
1964). EDTA % & { WCRAR 72 TEMA LR Tk < &
BH, LDV TREDRT 5.

4. Latent Phenoloxidase 87 O A # R EE

TIC & B5EMAE

Latent Phenoloxidase ##% pH 6 ~7 i
Tk d A WVIETE A HRUATIT U TENTT 2 &
(DS T A Ebdpoiz. 12E A1 pHE.8D0.05
~0.2M V) VEBREfIRIC XL 3°C T 24 BREEAT L
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Table 2. Effect of chemical reagents on the activation of latent phenoloxidase

by activator.

Reagents

Degree of 1nh1b1t10n

" N Phenolomdase Latent .
(2X1073M) Activation formed phenoloxidase Activator
Na-plcrylsulfate 14 0 0 ‘ it
NBS 4 + -+ | i
Na-Azide 1 + + -+
@-Chloroacetophenone H 0 0 7
Iodine i it H H it
Thioglycolate : 4+ 0 0 H
Monoiodoacetate 1+ -+ + +-
EDTA Hil 0 0 HH
]
20 b
=4
X
o
2  500f
[
K=
< L
< § 400
£ 3
‘O_ 10 I~ H 300'
=)
B S
e = 0
w =N
$
= 100+
o
=]
1 L L L <} 0 P SN ¥ Y “— |
Time (min)
Temperature (°C) Fig. 12. Activation of latent phenoloxidase
I'ig. 11. Temperature dependence of acti- in phosphate buffer solution (pH 6.8) of

vation of latent phenoloxidase by activator.

SEEHBITAIEYEE, MU Latent Phenoloxidase
I % BRE OTEPELIR T CinVE b Ut & X BT 3
Wbk & % Fig. 12 &R7. 0.12M S0 Y »BREE
W CRENR LT3 ERMMIIMZ 59, Latent Phe-

noloxidase (374 RAAIT{RTZILB DS, 0. 1M BT
DRI Y o BRI AP TR DB & & RBTEE(L

Moz, Ud b TOMEMALIITINMN T, (KIREEY
VSRR TRV ELIc 3 O3, TR ATIIIOTH
PSRN ICENTT S EREIE LI, COR
EVEAIE & oS L DBVE ik b R TR TED
Latent Phenoloxidase ~OETH A T 05, h
T S TIZOVGERIE U L BRARIRIE T 10idKiCEN T 3% &
segniimtkib e, B, REEAREREIUS B C
SIS g0l

Y LOBRGIT Y BRI S BIR Tk <, 0.05
M U UEBREMIE 1T 0. 1M DL HIIE 155 k)

low concentration.

(0), (n), (©), () represent activities
exhibited with time by treatment with
activator in 0.05, 0.08, 0.12 and 0.2M
phosphate buffers of pH 6.8, respectively.
(@), (A, (&), (m) represent activities
exhibited with time by dialysis of latent
phenoloxidase against 0.05, 0.08, 0.12
and 0.2M phosphate buffers of pH 6.8,

respectively.

NaCl 21A 12841 § HRSRENED 6Nz, &
51T U RBTIK Obb D ICHEBRER 2 i T H &
S FHURSBR NI, ZOFREOEFICL 5
4 0.1 M LLEORE T Phenoloxidase (3A7EM: 2
REBIBEICNZ N U T OBE TEME %2 § D12 E
Y, TOZEGIZEEE O > THRIcE T 5
T EMH L DITIEDIC.

ISR DIERIT DUV, A A VIR OLENC X A
MR L OBEEDOEMICX AHEBD2HOBEA LN
3. ELOFKESD L OBZEDVTINTH L%
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PET B, TTBEEEOLEEPIA, 14 ME
®7>%224ELT%®E6%§5€?@%}[/T:. 3 b B 0.01

M U UREETTE (PH 6.0) 1T 0.05~1.0M O ik
B ZmMA, e UTEN21T0, k%
Ao, ZOER 1L.OM Ot &e4 T YL
oA D CEWTE 0Tz, Lichio T{EIEH
WA G L, ISR OBBIEOETFCE D
BERBH50TIR2L, 14 L MmEDETICERSS
AT EDHEE SN,

b VBB DETIC KR 5 2485 iz, Latent
Phenoloxidase (743 Phenoloxidase 5 #ujfid
FRITR AL, REMCEEPRIZWEGEITH S
AIREMEDS B b, TG DIEPELIZ MR OBBUT L %
BRI THA LB ADLLEDB TEIDIITH 5
25, FOBS OB OW T ORERAEALD & T ORI
WMTip EEY SR, LI2h T Latent Pheno-
loxidase (ZHIEMDZ VRV ThH EZE AL T E
WTE5

Latent Phenoloxidase DZARBE U THIAEI 2E A
3 T x4 A B OZM I RE S TRV QWA %
FIHT A DICREHTH 5. TIo—i D Zymogen i
PEAGICR 5N 2 & 5 7Bk & S YELESHE DB &
LTRIZETVD. LIS T, EERT2—Fo
8Ly O & RMT T & b C ORI TRENIYS
H5.

B DZAD &2 N o TUC RIS E LT, &
RO BYFDA X LIRBOZ L E Tk 5*@17*1“/?2
{bds & PO FIM OB OB T X 5 s & 03
n%ﬂ,%mmﬁéémmw?mmmm&M®m®t
7¢ A AIREMEASHESE XN B . Grafius & O Millar

(1967) i Acetylcholine esterase 234 F VIR D
BT & o TS & 2 O BIR 2O RED>
¥»Txbh, Latent Phenoloxidase O5&1C § #xRd
A& 5 EEE OLENCHBRL QA L EW
HEINI.

A LRSI ICi 1 5 Latent Phenoloxi-
dase OZEEMEICIZIEI O pH D3GR 7o v B e R LIC.
Latent Phenoloxidase A% Visking tube $18/
32 AN, pH5~8 OFF pH @ 0.2M ) v
BERICHL 24 REMPTCEIFL, BUFEBROEE
BIUThiZs s iE AT 2RIV E $ R
T AR I, Z O pH 5.5 LU D @ik T
i+ Latent Phenoloxidase i3 RN LZHE 2T T
U, 13 VERETLUTYE, EiEEERTF2mA
T B IXPHEEIL UV REBIRE S . —J5 pH 7.0 L)

ETE 02M Y BRI AT S I ER M A D T
EHTET, BRTACERIEALA b, Ol
pH iz s Bibhic.

Latent Phenoloxidase M A 7 ML TC L 516
YE(Eiy, FEPEERT i A Gk A RST EDTA 2 X
DTHEATE ah.

Latent Phenoloxidase 7% 1.0X1073M D % ¥ L
— Mgk e 0.01 M U U EREEGE (pH 6.0) i<
WMUT 3°C T 24BN L, KB L 2T Bl
'9‘% Phenoloxidase i5th: % iz Uiz & A Table

IGRTHER P AL, Fabb, svEFAL, v
274 /GC?"C‘JHI RIVERLE S izhs, EDTA i
YL se il 4 5 C Evbbsotz. EDTA OJiL
LLEBHOL X PG & DR %2 1. 0X1075~1. 0X1072M D
BRI Tl <12 & 5 EDTA BUE 1.0X10-3M
DL BRIl & 5 T &5 6 icisol.

Table 3. Effects of various chelating re-

agents on the activation of latent
phenoloxidase by dialysis.

’ Phenoloxndaqe act1v1ty
\
|
\

Reagents (ODUO/IOmm/ODm of)

latent phenoloxidase
none ‘ 0. 031
Oxalic acid 0. 030
Ethylene dlamme-HCl 0.031
Histidine 0.030
Glutathione : 0. 020
Cysteine l 0.013
EDTA 0

L

Latent phenoloxidase was dulvzed against
0.01 M phosphate buffer (pH 6.0) contain-
ing 1.0X10-3M reagent.

EDTA OEAISVTE, 35 HO»UD
Latent Phenoloxidase /i< EDTA #JIA %
HliHiic EDTA 28GR 2 Hohid, K db
ti{&d tmfmwc ST L CHIGIESI C i
L, ¥z LOXI10-3M Bl Lo EDTA 3 7AHEm ol
FNTHUE, pH 6.0 TO/a< s 774~k
T4 Latent Phenoloxidase (3¥4EITfR Toiv % T
RN EY S ACo ¥ fah

1V. Latent Phenoloxidase % §Eik
95 & vy PEINT
Latent Phenoloxidase DiE{kIT 3 > DR H
B ERHMRIH, EHELOREIIE>TNTE, i
MRS % Phenoloxidase XA U 3 OTH 5 it
TChbH. UTcds > T EBOD 32O bBR %01
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e KHBAL 5 ABRR R ST A7) ITiE Latent
Phenolox1dase, Phenoloxidase, jfG#k{LA J"Wc
T L, DTV TBRT ABEBLEI. %
ZCE A 5 Latent Phenoloxidase @ fj#l%
WAL TS, TOMTEREAIE3 2D X L8 T HEHRF
WA D THIRIN TR EMSRTH S T EBHLD
1Z75->12 (Funatsu et al., 1966, 1967 a, 1967b).

1. Latent Phenoloxidase OIBHHIFEE!

Scheme 1iRT L 5 ichiiis 0.9% NaCl %&
Ie 0.2M V) UEBEEHTE (pH 6.0) THE L, Mg
R Wi72C AL T Latent Phenoloxidase %Lt
&, JEL & LT Latent Phenoloxidase N & If ¢
&Lz, Thz 0.2M Y U BRiGHETN (pH 6.0)
TTIE R Ul CRR IR TS U T-Rardift U TR ZE 2 B
1ZOL, AT MEEH AT 0.4 1T g 5 &
Latent Phenoloxidase (b9 7. <o REL, %2
Latent Phenoloxidase A & U7z, A NZlEL
bihoY C/FAA TCIEHIE LT, KIS U TENT S
ERENZEEYE{L L Phenoloxidase 20 72.

Latent Phenoloxidase N ¥5i% %2 72T 0.4 fifi)

UARILMS 82 DI 12D & vy T8
oFEh, T 2971 Latent Phenoloxidase
CEEfR% 32 EddbeoTs. bbb
7% Latent Phenoloxidase N F 7z} ;tAo)z,jﬂ;{[:E&]

I AL/]

Scheme 1.

1.
10 AN
2
N
2 N
a \\\
% 3
H
2 5f
<
=
>
é
0 [ t ! !
0 10 20 30 40 50 60
Time (min.)
Fig. 13. Effect of fraction F-N on activa-

tion of latent phenoloxidase A by activator.

1:
2:

3:
4:

Fiek AiEMGRICINA 5 & Fig. 13

latent phenoloxidase-+activator.

latent phenoloxidase--activator+F-N
treated at 60°C.

latent phenoloxidase--activator-+F-N
treated at 70C".

latent phenoloxidase-tactivator-+F-N.

WWiRT & ST

TR LSBT SN 5 T EMHE L pITsD1z, ¢

DX ISy

Prepupae

extracted with 0.2M phos. buf.
containing 0.9 % NaCl, pH 6.0

Crude Extract
saturated with ammonium sulfate

Sup

|
Ppt (Latent phenoloxidase A)

dialyzed against 0.2M
phosphate buf., pH 6.0

Latent phenoloxidase A solution
dialyzed against water

i filtrated through Sephadex G-50

| N
Fraction F-1 Fraction F-2

(Activator)

(Phenoloxidase)

YEIHIRF 135 50 U9 60°C LI T 30

Partial purification of latent phenoloxidase.

[
Ppt (Latent phenoloxidase N)
dissolved in 0.2M phos. buf., pH 6.0

dialyzed against 0.2M phos. buf., pH&6.0
Latent phenoloxidase N solution
40 9% saturated with amm. sulf.

T
Su|p (Factor N)
i dialyzed against water
freeze-dried

Crude Factor N

preparation
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SMET 5 M RS0, k1 BN T Ho
2. x5 3 Factor N (F-N, Namihira
factor) &M,

F-N OfEHRC20 T2 ¥ 0 3 o0 affigh: 5
FAosN i1z, (1) Latent Phenoloxidase &%54
U, Tzl $—Fo 228{bAT (Stabilizing
factor), (2) WEHALHTOMEFKENT, (3) Ak
% Phenoloxidase OMERTTH A AMEHETH 5.
cuTH L, F-N &S oh U 1 v Fa— LI
A LR CEN L 217782 T § im L OB IZZ S
2 &, F72 Phenoloxidase i3 F-N {2X > THl
FTINILNEMBHEED SN, (2) & (3) o
BEESN, (1) OWgElETabb e tRT &L
TR TSI N T A . Latent Phenoloxi-
dase A3 F-N DFpkick > THEML Shvd< i
5 EECOTREE 2R T 5. F-N DRl
EITH#THTH 5.

Latent Phenoloxidase A |3{EIRT 0.2M Y V8
R A C I3 B RERESE: DRBICE o 535, kit
BV B0, W LRT2ER S &5 EBSm(l
3. KICEN UIGHA{L U2 & D% Sephadex G-50 i
& BTV B & Fig. 14 WWRTX 50 F-1
BLO F-2 2204y icsyH»i, Phenoloxidase
it F2 g gh s, F-1 5t Fig. 15 KK
R & 5K Phenoloxidase ffifk: % 4 7250
H3, b TDITEENH LD Latent Phenoloxidase 7%
B%, Ch R EEERTRI>THEL Y h 5.

Protein OD,,

— =

15 20
Tube No. (5 ml)

Fig. 14. Sephadex G-50 gelfiltration of

latent phenoloxidase A previously dialyzed
against water.

- Lat.A+F-1 7
250 at -
,
7
e
200 - Theor.,
/
Vs
/
o 150F // Lat.A + A
™~
E J/
5 /
~ 100 /
(] /
/
/,
v,
0 F1+A
A

0 10 20 30 40 50 60

Time (min)
Fig. 15. Effect of fraction F-1 on activa-
tion of latent phenoloxidase A by activator.

Lat. A, A and F-1 mean latent phenol-
oxidase A, activator and fraction F-1, re-
spectively. As to Theor., see text.

Latent Phenoloxidase A % &M{LRTT \:bd
FRiC F-1 A% &, MALOHEEIHUE UWE
PEEDREHEDSEL s s, o Pl g 13, Latent
Phenoloxidase & F-1 %Gt {bINT-C2N 2NN
{LLicd & DWED 6 HIF s N % il (Fig. 15
Theor.) X hiEMIC K&»2z. Z DR P-1 5y
HICTEERTBE N T 2 TREYEDSHE S L.
42 Latent Phenoloxidase N 7213 A iZiFvE{biK
FOb YT F-1 gy A T imbdME &5 C
LWt iz (Fig. 16 BRD.

F-1 rhoinPE k12 Latent Phenoloxidase A
FHRNIILKTHEDTHE06, CTHbORE
O TRAEHESIRBCHEL TN E/IES. U
125> T, Latent Phenoloxidase H1oDihif:{LNT- %
inert Activator *IEXRC EiTlLi:.

YE Rz Eps o k5, T ET
Latent Phenoloxidase & U TaR-~<T & 72 Hijlif
Phenoloxidase ORI, Bl—iz & LNy T
%7z {, Phenoloxidase D{ER{AT4d>5 Propheno-
loxidase &W 5 2 L/ 0 B, T Rlsmibd A &% A
53 F-N L5 20080 B8X O BHELET O
FEMTTH B inert Activator 2L /Sy D 3
DRI X D TERE NI 1 DOBERTH D,
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40

30

20 -

0: Uptake/ ODzs0

10 -

e N & &
20 30 40 50 60

[—3
S e

Time (min)
Fig. 16. Activation of latent phenoloxidase
by fraction F-1.

(®): latent phenoloxidase + F-I1.
(O): F-1.
(x): laten phenoloxidase.

Latent Phenoloxidase System &IEXDYEHHETdh
LEBALND.

Latent Phenoloxidase A % JKiT@EH U 72 & &
inert Activator MSEHALINIC. CDOLEWHAF
VIR TRIC X ATEELICE O Tid inert Activator
DML EIHC H, T h dd Prophenoloxidase
N TN i T b DEBAL LV TE 5.
U TS TR LB TE M R i & A iG R L o
BEEONKALIKESD. TDT &I HITEELL
EDTA iTL o CHEINLBIREMITS EITE
D THED 6T,

2. EDTA (Ck%iEHAEDOHEE

EDTA T &> 7T Prophenoloxidase o jG¢EREF
1wk BIEMALIS L ORI DA A IREEE NIC X B gk
{bhsE BTSSRI IND T & RubRT2hs, TOM
= DR 2 MRS 5 120 ¥ OFR 2T/ 21e.

Ti2h b &IE D EDTA % &8 /Kicxd U T Latent
Phenoloxidase %3EHr L, HITHd % EETEN: %2 HE
LIcDB, 3 5IIEERT 2 A THEEL 2720,
At OTEE R Uz, — EDTA %2 & /KIitE
FiL1:db, KIZHEF U THERE O EDTA 2R 0T
Db, FEELRT % A TEM L2 T 7ok 2 [0
Utz Dol % Table 4 ([TiRT.

$7¢bh b, EDTA B 10-*M LT o84, EDTA
BEte/KITENTT % C &Ik DT 50 % LU EDEEL

Table 4. Effect of concentration of EDTA
on the activation of latent phenol-

oxidase.

Final Relative phenoloxidase activity
concentrati . .
cong o ration Dialysis,

ED . . : . Removal of

TA Dialysis R?{}gz{%r excess EDTA
(M) by dialysis,
Activator
0 63 100 100

1X1075 38 100 100

1X10™* 35 100 100

11073 0 74 100

11072 0 0 100

S MR NS, CAVCEMEIERTRNA B EFERIT

EMALUTZ. 103M BLED EDTA Tid@EicL %
ik seaicA s iz, U Lz O%ER{ERTF
ZIA TS 10-3M OBEITIIR 25 % PiEH Lsn
TR Y, 102 M OHE I E o7 L IEEL a e
pots. COBERAR O EDTA »5nA i@ LR
FREELIICECHD EEAL, KTEFTLUER O
EDTA »% % (ZO@EETIE Phenoloxidase 3G
#AL L7220, SRR ERTF 2 A E A, W
3 100 % OFEER L.

kD & s EDTA (& inert Activator @ 7E
Ye{bds & O EE LR T OE: 2 [HE 975 4%, Prophe-
noloxidase (ZI372A 5 D HHH B AN T EW5hh
DIz LITDTA 4 VIREIR T L AIEE s
T, 3L79 % inert Activator DSFEMEILINL, T
%% Prophenoloxidase %iHk:/{ld 5 & 9L, inert
Activator OfEE{bH EDTA k2> THE I vh
WWEMEZES S e, BERERE—BULI
. LOTEREHARTICE BEEL E A A VR
Tz k %iEHEALDA UBREIC X % & 5 EiR iR %
IHITHEDOTHS.

EDTA 2k % inert Activator OJERE{LIHEI3HE
72 30~40 % BURNC & % Thil & LLlé D7KITH 3 5 &
XD THRASNS. TRE 100 ZBafm Tk s w125
HiTik, ChRKENUTER LT EME 3h 2
V. LT E b EIL, 44 UBERTIRK 5 Latent
Phenoloxidase OiEM:{LIT inert Activator DiE:
1t &% OVEHDBRL TR T ERRLUT 5.

3. Latent Phenoloxidase Complex D77E

Latent Phenoloxidase System % #45 3 5 32
D& ERTDVBUTRIET 5 & Db, HAVIER
ALUTHEHAKRERL T 202H ohicd 22
13, BEOEEEREL L 02 OABNERICEEL T
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Scheme 2. Flow sheet of purification of
latent phenoloxidase complex.

Prepupae
homogenized with 0.05M

phos. buf. containing 2X
10-2M EDTA, pH 6.0

e | centrifuged )
(9000 rpm, 30 min)

Top and bottom J‘
layers Middle layer

saturated with amm. sulf.
Precipitate

dissolved in 0.01 M phos.
buf., pH 6.0 (dialysis)

centrifuged .
(9000 rpm, 30 min)

Precipitate
Supernatant
(Crude latent phenoloxidase)

DEAE-cellulose column
chromatography (stepwise)
with phos. buf., pH 6.0

Fraction D-4
(eluted with 0.1 M phos.)
buf., pH 6.0

DEAE-cellulose column
rechromatography

Fraction D’-4
(Purified latent phenoloxidase complex)

100
6°C
24 hr
2 + Activator
K
9 50+
g
o
>
2
8
)
o
0l ¢y s L
3 4 5 6 7 8 9 10 1
pH
Fig. 18. The pH-stability of latent phenol-

oxidase complex.

The complex (D’-4) dissolved in buffer
soltion of different pH’s (3-11) was kept
at 6°C for 24hr. The measurement of
phenoloxidae activity was performed
after activation by activator.

Activated

+EDTA Activated +EDTA

»
T

I

Fig. 17. Disc electrophoresis of latent phe-
noloxidase preparation, D’-4 Acrylamide
gel: 7.59%, Tris-glycine buffer, pH 8. 3.

+EDTA : electrophoresis of D’~4 in the
presence of 1X10-3M EDTA Activated :
electrophoresis of D’-4 previously treat-
ed with ammonium sulfate followed by
dialysis against water, in the absence
of EDTA Activated, + EDTA : electro-
phoresis of D’-4 previously precipitated
with ammonium sulfate followed by dia-
lysis against water, in the presence of
1x10-3M EDTA.

FURDHHCETHD. #LTLNRRIPT 5725 EDT
A DYFEF 412720 Latent Phenoloxidase (gL
B, KEHH: ORIZ% Scheme 2 iTRT. KA
WA B E S D/-4 13 Fig. 17 12773 & 51 EDTA
HIEROF 4 A7 BEXETIIZ 1RO FR2EZ
12, D/-4 3/KICEHT U T iEHAL L7svas, EDTA
DEAEVISOIRIETT « A 7 BAKE 217725 & 3A
DN RIS, —)F D/-4 O IThRE % 0.4
FFNTI2 B & STInA, H: U ekl % A st U TElt
UTIEMETLIZDE, 54 A7 BEKENT LTIz E T
%, EDTA fHIEFIRBNTE 3RO WD 5
ntz. o0 34 O/NvRiE Latent Phenoloxidase
System Z2HKT 2 % L8R T 2RTEDEEZAL
54, D/-4 TIN5 DR S /8 7 Bl Biaik %
Henk U Latent (Dormant) Phenoloxidase Complex
EUTHEIET 5 L EWHEE NIz, Latent Phenolo-
xidase Complex {3 Fig. 18 €789 kL 51T pH 6 [
EDEHY T pH @ TOAREE TH DI,
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Table 5. Recoveries of latent phanoloxidase
complex in the process of purifi-

cation.
Preparation ‘Recovery‘ Recovery | Specific
(Fraction) |of protein‘ of activity*| activity*
Middle layer 100 | 100 0.6
Fraction D-4 1.9 34.1 14.3
Fraction D’-4 0.2 14.0 ‘ 64.5

* Activity was measured after activation of
preparations with activator.

5% RO ILERNICES T A H AR OEIE, BTE
TEHE DEIGCR, WHEEbEM: GEYELRFCiEE L LT
DLRE LIZiER:) % Table 5§ {T/RT.

V. Latent Phenoloxidase ®7E At

Latent Phenoloxidase Complex DM & O7F
AL OBREIC DN T IZ TV L OISR
FTHREMFZA SN TS, BUHEE TIRA LN IZAIR
> b iEM: OZE)ITiZ Phenoloxidase % > /37 (DM
TG D X OTREALR T O =k & DZ LB
RU T afREtEDSHEE S L B .

1. %@ Phenoloxidase DOEES

FoN T HUT 7 OF WLy Phenoloxidase fEH: %
RO TIHL 24 BEREHTOMH %25, Scheme 3 (T
RITTETHMEZITN, 74 A0 BRIKETH—O
Iy K2 BZBREBIENN R AT

T DEEEC OV T HAE 7L 7 ABIE TBEME 2 H
VM negative staining (T b BEAG % Y LT iR
Fig. 19 WRTS/®kOGEZAT. QUHS, 1971).%
OF 7=y MEEOFIIRETH 555, KEh
FRERIOCENHEINI.

Fig. 19. Electron micrograph of phenol-
oxidase isolated from the larvae of housefly.

Karlson 3 X ¢¢ Lieben (1961) i 7 v Nz
D7 &b UE L KifREUTHEL 72 Phenoloxi-
dase OFHE% 530,000 (17S) & #HEELTEH b,
EROBEIBIC OV TATHR E—H LTS,

2. FEMBEOFEMCEF

Scheme 3. Flow sheet of purification pro-
cedure of phenoloxidase from
the larvae of housefly.

Larvae
homogenized with 0.01 M phos. buf.
containing 0.9 % NaCl, pH 7.0
centrifuged (9000 rpm, 30 min)
Supernatant
1 saturated with ammonium sulfate
Precipitate

‘ dialyzed against distlled water
centrifuged (9000 rpm, 30 min)

Precipitate

dialyzed against phos. buf. containing
0.9 % NaCl, pH 7.0

contrifuged (9000 rpm, 30 min)

Crude phenoloxidase

Hydroxylapatite chromatography; pH 7.0,
phosphate buffer, gradient elution :
0.01-0.2M

Partially purified phenoloxidase

Gelfiltration through Sephadex G-200;
pH 7, 0.05M phosphate buffer containing
0.1M KCI

Purified phenoloxidase

X %IT Inaba % J ¢ Funatsu (1964) 135 /N8
IR OEMUR FIZIEEITE OB T O 2 N s B
T, ZOERIIMBHERTHA 5> EHEE Uiz, 1
Funatsu 5 (1967) (a0l D Latent Phenoloxidase
Complex FHTiFEMELHFIZ RG22 inert Activator
EUTHFETACERZPLDITL I, 20 BME

(1969) (3R % BT & U TREMALR T O b %
A, BEOINS S ICESIKEINTE D1 {H—1
s EUTHEET A C EITRIIL, % YRt
FERHE R L OVEEHE 2 L.

¥k Scheme 4 [OURHEICL hfFgolz. &
v 2 I EEIEYE 3 & OV IE A OIEUNR 278 9. RSB
DR AR (FLIEE 0.024) D92, 000 f5TdH
o7z, '

REBEMEAUIRNF L T R B 2.068 T F &N
16,000 &#E I 5Mik# 9y BT %EA (Am-
pholine electrophoresis (¢ X %) i3 4.7 Tho1z.
PH 6~10 (<%%7E pH #% 3 5, EH{LOZME pH
126~7ThHoiz. F1z 45°C $CRET, HEELD
EHEE X 15~20°C ThH o1, 7T/ BERIZ
Table 6 IT/RTLSICVAF L, YAF4E B IT
IOl EEY, 7 BERERE 127T|T, hd
SEELIcTRIL 15,232~15,762 ThHhoiz. F
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Scheme 4. Flow sheet of purification procedure of activator from the aged pupae of housefly.

Aged pupae
homogenization with M/15 phos. buf., pH 6.8, filtration
Crude Extract (0.024, 100)

freezing at—20°C and thawing
centrifugation (4000 rpm, 15 min, 2°C)

l
Precipitate

Supernapant

‘ 1/3 saturation with ammonium sulfate

Precipitate (0.55, 80)

dialysis against water )
centrifugation (4000 rpm, 15 min, 2°C)

Supernatant

Precipitate Supernatant
lyophillization
Crude activator preparation (0.62, 72)
i DEAE-cellulose column chromatography, stepwise
(pH 7.7 phos. buf.)
Fraction DEAE-1IV eluted with 0.06 M phos. buf., pH 7.7 (6.0, 40)
saturation with ammonium sulfate
Precipitate Supernatant
dialysis against water
centrifugation (6000 rpm, 20 min, 2°C)
Precipitate Supernatant
CM-cellulose chromatography, stepwise
(pH 6.1 phos. buf.)
Fraction CM-1 solution
dialysis against water, lyophillization
Fraction CM-1 preparation (20, 26)
‘ preparative DISC-electrophoresis, pH 8.5 Tris-HC1
Purified activator (45, 15)
Table 6. Amino acid composition of acti- HUICD 2T 4 REFE R L1270 C &b, DAY
vator 102 LSRN & > TBHIT G 2 B 5 5 TRt s
. . Number of amino M SNICHS, BEMEEMIHTIE 0.5M LI L off
Amino acid acid residue ) -
(M. W.=16,000) REDCIS D TG L 2R C LRl 2Rz,
Asp 14 ) B 5 A btz iErE LR 43, Latent Pheno-
Thr 8 loxidase Complex (D inert Activator % i1l
Ser. 6 U1z & % OFRHELET & A—¥Cd b i OEED
gli(; S AW 788, EDTA (T 2 REE 13 o7 H L
Ala 10 THDoIz. o0& 2 EEERILRT %2 1.2X107*M
Az Cys 6 & EDTA %% pH 6.0 0.2 M EBREmKICHAR
ll\{lgt g L 19°C T 90 9 RIME L1zDb, pH 8.0 @ 0. 1 M
Leu 10 BB — # WS WK TITC 36 1SRN L, ## o EDTA
I : Rl Uz b DIEY: 2 Aot
IIjI}i,ss 6 EDTA LItDF L — b3k & LT o-Phenanthro-
Arg 6 line, sodium azide T2\ T § Mg 2172521205,
Trp ' CB 2 D DRISIER (LR T OIEHIC I 4 b DI
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LYY RAG ISl

—J5 EDTA i & 2> TANEY L I R ToiE i bR
inert Activator OIS &L & 518, BADHITLE
IEoTiEI N, IWiE3 X S iDRmEA 4
OWINMTE DT 2oz, Table 7 IWRTXHIT
ALY R TRTO MR (K> T IRIEM &2 T
b, FREVZEYD ST,

Table 7. Reactivation of EDTA-treated
activator with metal ion.

Final . £ activ 770
concent- : Rec,o,véy,, ,o,f,,?gtlYlfyfi/OB,,
ration |

(VD Cy‘Mg!Zn;Ca‘CojAl

2x10-* | 11 | 10 | 14 | 10 \ 10 | 10
2X1077 | 93 | 20 | 93 | 75 | 80 | 15
2X1076 'ppt‘ 90 | 92 | 82 | 110 | 30
2x107° | ppt | 93 | ppt | 110 | 110 | ppt
2X107* | ppt | 86 | ppt

Activity of activator which was not treated
with EDTA was assumed to be 100,
The ppt means precipitation.

EDTA ORIHIEBERE oW T EIC#mBA S
NTOZRNY, SR STREINA L ED S, —
WEPER T SR 2 oo T 55 K HIC A D
B3, IRIGGRICHEWEDS 2N &, TR o NI
BRI X ATRIC L DTG I B &0 D T &k, &
Ba RO HTHD EVIBZA LT UIFELLY
L OICRAS. EDTA 24 0DHVKFNIER D
DTWA. HVREF VL% § 1278 o-Phenanth-
roline < sodium azide #3, RiGHUALIEM % & 127
WZERH ADHE, EDTA DA RFUIEDS, B
BRUSND (EIT B2l & 2 LT 5% THREMED &
5. BT S-S AiG R 1Y, AT
LEEAICHIRS DRI S, Bk A & & IR
xeL T3 EWEALLN, T OHRE DO
EDTA DA RF DM E, EEUNT O kil
WML, & SITHIBYE DEUIT & % IRk D%
L2 R § 5 T & & TEVTLA T DTG YEFEDL % I
HETATREMEDSZ A BN D, VR F Uitk T
LA F iR & 2 E b #i Ui EDTA 3
FEBE DI D DV IIBIRIT L o T a N b EEZ A
HLENTEA.

EVE L T OWEREIB o0 Tt Table 8 1T
I, TeFT - I AT I - Eiitkicon
TR & DETHRI LTI, W OB EME 23
WA ENTEEDIT. TTRIBNICL 5 IEEL

Table 8. Enzymatic properties of activator.

Proteolytic activity

Hemoglobin pH 4.2 negative
Casein pH 7.0, 9.0 negative
Peptone pH 4.2, 7.0, 9.0 negative
Esterase activity

p-Naphtylacetate pH 6.5 negative
Acetylcholine pH 6.0, 6.9, 8.9 negative
Monophenylphos- pH 5.5, 6.0, 8.5 negative

phate
Diphenylphosphate pH 6.0, 7.3, 8.5 negative

HF2—HDTnT7—-€ETHID DY, REE:
TS UTe R BRae1200 TR T T e 7 7 — €5
AT A T 13T X7z d3, Latent Phenoloxidase
DA & VG T & A SV L OTTaED & 7T
4, 77 —ETh3AHIHD T,

3. Latent Phenoloxidase Complex & Phenol-

oxidase O}iFE

(1) JROBEEIE DR

HARNTH WL 72 Latent Phenoloxidase Com-
plex & Phenoloxidase % 0. 5M Y VERREK (pH
6.0) IZHEME L, Spinco L2 Bhgmlik% v, 5%
»5 20 % DEMBEARICE ST, 3CiIti T
39,000 rpm T 240 ¥l 217 2507z, WX %
Fig. 20 1T/rd %5 Phenoloxidase |3 Latent Phe-
noloxidase K hKk&7g tERRZR UTs (B, 1968).

0.3
~
. ~
| !
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s 4
S 5
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5 10 15 20
Tube No. (0.25ml)

Fig. 20. Sucrose density gradient sedimen-
tation analyses of crude phenoloxidase, la-
tent phenoloxidase and activator prepara-
tions.

Spinco L 2, 39000 rpm, 240 min, 3°C.

Solid line : crude phenoloxidase.

Dotted line: crude latent phenoloxidase.

Broken line : crude activator.

E : phenoloxidase activity found.

L: latent activity of phenoloxidase
found.

A activator activity found.
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(2) Sephadex G-200 Tk A4 g
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A tentative scheme of the mode of activation and inactivation of phenol-

oxidase in the process of metamorphosis from larvae to pupae of housefly.
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Summary

In the process of metamorphosis of the housefly, Musca domestica vicina Macquart,
phenoloxidase undergoes a sharp fluctuation as shown in Fig. 1. The high activity
observed at the final stage of larval development disappears completely in the prepupae.
However, a homogenate of prepupae, which exhibits no phenoloxidase activity, displays
enzyme activity on the adidtion of either an anionic detergent or an extract of aged
pupae as can be seen in Figs. 1 and 2. It was inferred from these facts that phenol-
oxidase survived as a latent enzyme in the prepupae and that its activator was contained
in the aged pupae. Although there was a difficulty in the separation of the prepupae
from the aged pupae, we were successful in this separation by putting them into water.
The prepupae sank to the bottom, while the others floated on the surface of the water.

The mode of activation of latent phenoloxidase from prepupae by SDS was studied
in detail. As shown in Figs. 3 and 4, there was a certain range of ratios between the
concentration of SDS and that of latent phenoloxidase which is effective for the activa-
tion. It was observed that a marrow pH range between 7 and 8 was effective for the
activation as seen in Fig. 5. The Fig. 6 shows the thermal stability of latent phenol-
oxidase and temperature dependence of the activation with SDS. Thus, effective activa-
tion evidently occurs only with the specific experimental conditions mentioned above.

An activator of protein nature was partially purified from the aged pupae. Effects of
concentration of activator, pH, and temperature on the activation of latent phenoloxi-
dase were studied. The results obtained are shown in Figs. 7-11. From these results
it was presumed that the activation occurs catalytically. Inhibition of the activation
by various chemical reagents were studied and the results were shown in Table 2.

The activation of the latent phenoloxidase was also brought about by dialyzing it
against water or buffer solution of low salt concentration below 0.1 M at pH 6 to 7 as
seen in Fig. 12. The decrease in salt concentration could affect cither ionic strength or
osmotic pressure of the solution. The lowering of osmotic pressure would cause the
destruction of a granule to which phenoloxidase is bound, hence the liberation of the
enzyme. Thus, dialysis of the latent phenoloxidase solution was carried out against
0.01 M phosphate buffer of pH 6.0 containing 0.5 to 1.0 M sugar. Despite of maintain-
ing the osmotic pressure of the solution, activation was brought about in all cases.
From this it was inferred that the activation occurred independently on the osmotic
pressure and dependently upon the ionic strength of the solution. It was also presumed
that the latent form of phenoloxidase is not a bound form but an inactive form of
soluble protein.
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Depending upon the salt concentration of the solution, phenoloxidase fluctuated
reversibly from active to inactive form. At a high concentration of 0.2 M phenoloxidase
became inactive again. It seems reasonable to conclude that the limited proteolysis
which plays an important role in zymogen activation can be excluded from the mecha-
nism of the activation of latent phenoloxidase. The decrease in ionic strength of solu-
tion would lead to a conformational change of latent phenoloxidase protein or affect
the interaction between protein molecules.

As to the effects of various chelating reagents on the ctivation of latent phenoloxi-
dase by dialysis, EDTA was found to inhibit the activation completely as seen in Table
3.

In order to elucidate the common mechanism involved in three different processes
mentioned above, attempts were made of the purification of latent phenoloxidase.
Scheme 1 shows the partial purification procedure of latent phenoloxidase from pre-
pupae. By 0.4 saturation of the latent phenoloxidase N solution with ammonium sulfate,
a rather labile latent phenoloxidase A was precipitated leaving a factor in the super-
natant, which can inhibit the activation of latent phenoloxidase by its activator, pre-
sumably by stabilizing it. The inhibitory effect of this factor, which was tentatively
referred to as factor N, was lost on heating above 60°C as can be seen in Fig. 13. Factor
N was non-dialyzable and assumed to be a protein. Although latent phenoloxidase A
was fairly unstable, it was in an inactive state in 0.2 M phosphate buffer at pH 6.0
unless any activating agent was present. This means that latent phenoloxidase A solu-
tion does not contain free activator. In addition, the latent phenoloxidase A exhibited
only a single peak in its gel filtration pattern on Sephadex G-50. However, two peaks
were observed after dialysis against water as shown in Fig. 14. Phenoloxidase produced
was found in F-2, while F-1 exhibited no apparent phenoloxidase activity but was
found to accelerate the rate of activation of latent phenoloxidase A by activator re-
markably as can be seen in Fig. 15. In addition, it was found as shown in Fig. 16 that
the activation was fulfilled by F-1. Thus, it is believed that an activator exists in the
latent phenoloxidase system but in an inactive form. This inactive form of activator
was designated as an inert activator. Consequently, it appears that three types of pro-
tein; prophenoloxidase, a precursor of phenoloxidese, inert activator, and factor N,
participate in the organization of latent (dormant) phenoloxidase system in the prepupae
of housefly. As for the activation of latent phenoloxidase by dialysis against water, it
is possible to conclude that the inert activator is activated by dialysis, hence the mecha-
nism of activation by dialysis is the same as that by activator.

As can be seen in Table 4, the activation of inert activator was inhibited by EDTA,
whereas prophenocloxidase was not affected. This suggests the important role of the
activater which was produced from its inert form by dialysis. The inhibitory action of
EDTA, however, was excluded by precipitation with 30-40 % saturation of ammonium
sulfate, followed by dialysis against water. The precipitation with 100 % saturation,
however, was not effective in excluding the inhibitory action of EDTA.

In order to clarify whether three types of proteins which participate in the organi-
zation of the latent phenoloxidase system exist in a form of cemplex or not, attempts
were made to purify the latent phenoloxidase system in the presence of EDTA by the
procedure shown in Scheme 2. A fraction D’-4 obtained was not activated by dialysis
and moved as a single band in disc electrophoresis performed in the presence of EDTA
as seen in Fig. 17. However, the sample moved as three bands in disc electrophoresis
either in the presence or absence of EDTA after the treatment with ammonium sulfate,
foilowed by dialysis as mentioned above. Consequently, it was presumed that three

protein components exist as a complex in the prepupae. The complex was referred to
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as latent or dormant phenoloxidase complex. This complex was stable only in a limit-
ed pH-range near pH 6 as shown in Fig. 18.

The mechanism of activation of latent phenoloxidase complex is now still obscure
in connection with protein structure. However, there was a possibility that the formation
of a certain quartenary structure or subunit structure might be involved in the process
of activation. Phenoloxidase was purified from the larvae of housefly by the procedure
described in Scheme 3 as an electrophoretically homogeneous protein. Fig. 19 is an
electron micrograph of the purified phenoloxidase. Evidently, phenoloxidase has a sub-
unit structure and a large molecular weight.

In sucrose density gradient sedimentation analyses of crude preparations of latent
phenoloxidase and phenoloxidase, the latter was sedimented faster than the former as
can be seen in Fig. 20. Gel filtrations of partially purified latent phenoloxidase and
phenoloxidase preparations through Sephadex G-200 were carried out resulting in an
assumption that the molecular weight of the latter was greater than that of the former
judging from Fig. 21.

The activator was purified from the aged pupae by the method described in Scheme
4 and obtained as an electrophoretically and ultracentrifugally homogeneous protein.
The specific activity of the preparation was 2,000 times as high as that of the crude
extract. The molecular weight was assumed to be about 16,000 from the sedimentation
coefficient of 2.06 S. The isoelectric point of this protein was determined to be 4.7.
The amino acid composition of the activator is shown in Table 6. Neither sulfhydryl
group nor disulfide linkage was contained in this protein. In this connection, the con-
tormation of activator was highly sensitive to the salt concentration in solution and
actually it became inactive at concentrations higher than 0.5M of acetate buffer. The
activator lost its activity completely by EDTA. The reactivation was accomplished by
either precipitation with 40 % saturation of ammonium sulfate and subsequent dialysis
against water or the addition of metal ion of two valence cited in Table 6. From these
facts it was inferred that the activator is not regarded as a metal protein and that nega-
tively charged carboxyl groups of EDTA interact with positively charged groups inside
the activator molecule resulting in the conformational change or the restriction of con-
formational change.

Notwithstanding the examination in various experimental conditions shown in Table
7, neither proteolytic nor esterase activities of the activator was detected.

rrom the evidence mentioned above, a hypothesis on the mode of activation and
inactivation of phenoloxidase in the process of metamorphosis from larvae to pupae was
presented as shown in Fig. 22. In this hypothesis it was postulated that changes in
subunit structure cause the fluctuation of the activity of phenoloxidase.

It is already known that a metamorphosis hormone, ecdyson, is secreted increasing-
ly at the final stage of larval development, resulting in the acceleration of the synthesis
of an activator of prophenoloxidase. From this fact, and those reported here, it is
possible to postulate that the activator formed changes in an inactive form at the end
of the larval stage and combine with prophenoloxidase forming an enzymatically in-
active complex which is stabilized by binding to factor N. Such a latent phenoloxidase
complex might be passed along to prepupae and stored as a source of phenoloxidase at
the initial step of the metamorphosis of the insect. If this is correct, the possibility
exists that such a latent enzyme complex can participate in the regulation of the enzyme
activity of living organisms.



