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Neutrophil Granules of Red Seabream Pagrus major
Parasitized with Ceratothoa verrucosa

Masakazu KondoT, Taiki Kubota, Kouhei Mackawa,
Shinya Yasumoto and Yukinori Takahashi

Abstract: Three types of granules were observed in the neutrophils of red seabream Pagrus major parasitized

with Ceratothoa verrucosa. In May-Griinwald - Giemsa staining preparation, two types were identified as
ordinary chromophobic granules (0pG; type 1 (0pG-1; without core) and type 2 (opG-2; with eosinophilic core))
which were observed in the neutrophils from non-parasitized fish. Other type, which consist of chromophobic
core and eosinophilic surrounding, was considered inducible chromophobic granules (ifG) because this type

was not found in non-parasitized fish. Peroxidase activity was detected in all types of granules, but positive

site was different among the granule types: ofG-1, whole granule; ofG-2, surrounding; iBG, core.
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INFTICERSIX, < ¥ A Pagrus major®DFFrhEkIZ 278
FOBPRAIEET B LERELLY, T4bb, BRE
A EERME DR (chromophobic granule, BG) &, %
IO E 2 O R B ORI S % 5 BRSEE
shiz (Uig BE2ETHENICBVT, SORBEOEE
wEI AR LB 5). MBAIERELRS X OREM
RIACEBLBHES NS, BEMEN
(ordinary granule, o) &MU, RiE#1E (0BG-1), #%#&
%2 (0BG-2) & L72%, WK QRN OB, MK
TZBEEFEBLTVwA I RS (EBHICXF VEB
(SBB) BtkdoxNtF¥ ¥ —¥ (PO) Bitk), ofG2ik
ofG-LIZ A ¥ VIFEE G IS, FEESFERENIC
WL TRE o2 D LB LY, ofG20iHICI3EE
HT7+ 2775 (AcP) RLRATT—ElwolaKiE
FAVYV - ABREIBRBENY Brrsumy—E
(B-Glu) BHEOREBMOTILRL, TAVIIHRT+ AT 7

7 —¥ (AIP) EHHENi ), SBBB & UPOILKET
Bot?s F72, POREL70fG2TIREMBOEL L
B2 ¢ LT, BROoLFIZBEOB (spot) BEHREH
BIEEBELEY, ofGlEopGETF A DI R T YT
SHEOBEKEME T b 5 JE % B Edwardsiella tarda ( =E.
anguillarum) \Z N BB SE 725 S IFPERICBEE S,
Zh S B OB LRI RBRRA L A CH - 712,
LaL, BEMOFRIRICIIWEROENC, B0
LER B ORBESS & 5 FERAFE SN (FRAER,
inducible granule, i), #HMTHD 2 &h o FER g
84 (inducible chromophobic granule, ifG) & FEAZ
e LAY, ZoBERORITIZAPHRE S NAD, ofG2D
BICEDONEEHET L vV — AEEFEPLSBBS L PO
WIRLBHTH o2,

¥ A J I.Ceratothoa verrucosald ¥ 7% i P ik F 4 EL gk B o
M77urY LHEMBIZRL, <54 OOMERICFES
b0 F4 ) LIZHFEENIY [ OFRREBEL LT
%, ofG-1&0BG-20 13 I EBIE. ardaliYely & 1T R %
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BRI SR SNz F 72, oBG-1 L oBG2 I HEAL
R D REEA L IR > TV TI ZICHRET A%

HhRE LUHE

CIEREIC Y 4 ) THFELTVWEY (4 (£EH6
cm) = TRATMHRRE (B CTHELL. ThEKEKRSE
BOMBEHICIHA LTIROEEEE (7Y ¥675, #HiE
PEE) EEMEL, KR20CTTEXR L. &b, BB
BB OFEEIRDO b b o7z KiEZEITTOH
WmL, B5CTLHEMAFT LD, FFVY v ThREME,
AR 2> & R0 L 720 RO AKEIZH150 gTH -
7o M B A DOEM B L O EAEM g gt don ik -
BB I Ldto 72

BERELUBE

YA iZFEsnl v 4 (D, FEAEHT) ©
IFHERIZ 1L, May-Griinwald - Giemsa (MGG) #:fit o
R p3MEO BN BB SNz (Fig 1A). b0
H 2R AL R A A DBG-1E oBG2THHPL L T 7228, Al
OUVERF IR EOR L = F ¥ VIFRO AR S o T
720 COPERIIREEMATIRDONLNI ERS, ¥4
JIOFEIL > THBLL-FEMBR TH L L E X 5,
F72, BOWEREEETH AT LD, MR O —fE L %
. SHEILEEGPEIER (BG) (S L7z FEEELE. tarda
e 5 A4 OIFPERICB VT HIPGA T 228, FAM
DPCE IIMGCHE AR LY, Kb Z0FHS gtk
H25Y, INLOENDS, FEEME. tardad OiRGE 1
B O(BG-1) &L, ¥4/ THEIE BiPCH2E (iBG-2)
T ho MOCGHREEARIZBWTHMENOE N2 BRI S ¢

52 LT, BG20ED LT L ¥ XAMl) TRt E
24 5MABORIHE SNz BB SN EL TN
B SN\ Fig. 1B)o OO HFLIEEOHLE —
L, BEIE LD BEPITNED o7, AROBIIHS T
WA X I, RELEMDBG2DPORAEIERIZB VT Y
BRrsns?,

FHEMDUIFPERTIE, ofG-1&0pG2iE & b IZSBBRYET
dHotz (Table 1)o SO LI, RE4MOTEHASBB
Btk (ofG-1TIZ R &2, ofG2TIXRAMAHY) Tdh
BIELLERDY, B A V- 2BEIREEMER
BV TN b ofG20 Tl S 728, KRB DoBG-2
WCEERDOLNDEAPRFEATIIELAD LN
7zo Fl:, RFLEMTIIHD THORDOBG2DMITHH &
N5BGluit, FEATEIEHOMICBESL (Fig 1C;
Table 1)o JEEBE. ardaB B Sz AIPIZY, #
AEBIZIZFRD SN b o T

FWHEAOIHIRTIE, WINOMEOERIC 3 POYH
H&h7zA5 (Fig. 1D; Table 1), FaEEpAr ik o i R
THER o Tz, FHEMDPGITIIRF LM L FARICHE
RLEEDPORFETH - 720 0fG-21C POIHHEIZFRD b1,
JEUEBD BRI L ) b DD, REFALMIC
BOOND & HELPOREORIIBE SN,
iz, HEAMOPC2OPORMEARTIE, RELANDZHL
B SN BB & N o 7o iBG-2TILRICPOR
PERISHRD b, FEIZEETH > 72,

PO%ets L 72 BEAIZ B\ T, POREER L 2 885 5 61,
PORMERIGOEICHIET 2 REEA L. TS OHEE
DOINTPOGETAL % @B L 2\ TH A 9 o HVPOEMET
JE R 2SPORE 1% T & % AL ICPORefa % i s &, POR:®
JE PR % 3838 L 7296 ASPORREE DI IC ST 5 2 & 122 595,
BBV TZDOASEAM OB E Z 2 BB T 55

Fig. 1. Neutrophils from red seabream parasitized with Ceratothoa verrucosa. A, May-Griinwald + Giemsa (MGG; crossed
arrows, ofG-2; arrowheads, ifG-2 with chromophobic core and eosinophilic surrounding); B, MGG (same cell in A
with different focus; arrowheads, spots over the core of iBG-2); C, B-glucuronidase; D, peroxidase (arrows, ofG-1;
crossed arrows, opG-2; arrowheads, ifG-2 with positive core and negative surrounding). Bars=5 um.
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Eh#EZ D, DX IR TIRPORMEIRM % @R LT
BIREINLBOERIE. 20RO EB L 2EECK
Bld5THAI, ZOBNORL (Bodul) 25K
FHECESZSbEERIC, BERNEDI S REELT
HOLNLOPEEBETLHEUTOLICAS  FEOR
ACIIBR OB D - TEIZEL 2 Y, Bofas Tk
FLCAID o Tk & %o EROBETIIROHRIIFM
LEEwdd Lt v, BRAOWFNOMEICEWTY
ELBPEEREINLVWI LIIEVWEEIOND, FEAD
ofG-20PORARII Z DERII B BB LERT B, L2
Ho T, FEADPG2DHIIPORKTH D LBR L7z
—7, RELEBOPCG2TIELNIZPOREE RTAFIEEL
BEshEWY, I BolFicuwBETERICE, F
R TEPOGEERISIRD by, RELEATEIZIO
A EEGIBEE S o (2O EEH®RY T
EHR SN TB LY, AMEICBCTHDOTBELLER
THb)o RELEADOPG2OPOSR BB, BT X BM5
PORFRZOFBRELEEZ NS, ZhIZDWTIZ
KR CER L7 FEALRFEADOE ToPG2OPOS
BGEFEZLERE LT, BROBRETERLS Z L%
ZbN5B. FEADBRG2DHITIELB-Gludsik il S 545,
ACPHBED LNER, —F, REEATEEIZAPHEET
H5B0, POUBHEDLIIBD THETH b Zhbd DR
F (BB idhoRs) OFED, Lo ED&EE
o THRBBEICHEL-OTR VWL EER SN,
FHADIPG2T I LB E O RICPORG M KIS 25720 &

N7ze BHEMDPCLE oBG-21C 35 > T b POREHE #6113 B
echH b, ZhoIEEOPOBMEIER V3" b SBBE
WCh ot HHICBVT, REAEMDPC2HLBCLICT
FY VRS DI E N2 b O TR B VA LR L7120,
FHEAIIBYTOWMBENOBRIIFAMEEZ b F 7,
iBG2b ofGLIZ LA ¥ VI DI S R, 2 RS
FRICRIEEL- LR Sh 5, iBG2LopfGiRE HiIz At ¥
YIRS EE T B, FTOFEEMBMIIRLS, T
BG2D LA ¥ VORI RIS 4 vV V- ABEIR
HENDH (ENOSEBEEFT L ¥ VIFREEES R0,
PETIBB LUV LA Y VIFEOFHO EL LI HRAD
BRAV, THEOREE, BG-2X G20t T Vi
WA ENENERD 2 L RRIBL TV 5o G2 oBG2
OfE (R 20EE) RO EENME BLZo
BRERO< > bv) OFEU,»S, BefBKd 5RoEEER
WAk DREFNBEVEALZL, ofG2ORICEET ST
F ¥ VRS & EILE  (high specific gravity), iBG-20
FRORES % EREE (low specific gravity) & LTXH
L7zvy,

<5 A LERICIAFICBT 53— v /3T A Sparus
aurara\Z X2 OERER (IR L FEREK) SRIES N
THEY, BEGRICHLEREERICOEHR LM ERE
BWIFREIER % A AR 2EE O, RN
AT BRI ISEEOERABE SN T3 Y, 3
Ty RXAY A BFREROPORG RIS AP, AcPiiET
Hy, BEEEED O, T, FHERICIIE SRR

Table 1. Comparison of neutrophil granules (chromophobic granules, BG) from red seabream Pagrus major

Origin of neutrophils, type of granules and reaction™

Fish infected with:

* Non-infected fish™

Staining™" Atypical Edwardsiella tarda® Ceratothoa verrucosa
opfG-2 0BpG-2 ifG-1 0BG-2 iBG-2

oBG-1 ooe s oBG-1 — 55 S Core s oBG-1 — o S Core S
MGG C E cC | C E C C c | cC E C c*® E
SBB + - + o+ — + — i - — - -
AlP — — - - - - + - — - - - -
AcP — + - i - + — — - - - - - —
B-Glu - + - — + - - — - +1 - - —
o-NAE - + - - + - - - - + - - -
a-NBE — + - i - + - — - — + - - —
NASDCAE - + - 1 = + — - - — + — - -
PO + -+ P+ = + - - + =%+ + —

“'MGG, May-Griinwald-Giemsa; SBB, Sudan black B; AIP, alkaline phosphatase; AcP, acid phosphatase; [3 Glu, B-glucuronidase; a-NAE, o-naphtyl acetate esterase;
'y -NBE, a-naphty! butyrate esterase; NASDCAE, naphtholAS -D chloroacetate esterase; PO, peroxidase.
“2All types of granules showed negative reaction to other tests (periodic acid Schiff reaction (PAS), PAS after digestion with a-amylase, alcian blue (pH1.0, pH2.5),

toluidine blue in distilled, sudan I1], oil red O).

S0BG-1, ordinary BG type 1; oBG -2, ordinary BG type 2; iBG-1, inducible BG type 1; iBG-2, inducible BG type 2; S, swrounding of core; C, chromophobic; E,

eosmophlhc =+, positive; — nega’nve (non-detection); 1, increase of positive site.

Spot was formed over the core.

Spot was not formed over the core.

*SCore was interpreted as negative according to the result of thought experiment.
"*Kondo et al.”

"*Kondo et al.”
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BRI TWAED, ZOEHIIPO, AcPB L TFAIPOW
TRHIBUTHEY, —F, <& 1 OFhERTILEEE
RO 6T, HE LR 2R S 2N (ofGD) IE, I
Oy S~y 4 L EBRICPOMYE, AcPRRMETH B4, 3—
Oy Ay 4 L3RR YAIPRETH LY, 72 w54
HHEROHEEORLZE TS (RoFRIIEats s s
W) AR (0PG-2) iE, F—T v S A ERERICAIP
HETHLHA, T—0 vy 4 LIZEZYPORY (B
B), AcPBtE () TH5%, a—nv Ay L OiFE
HIITEEE oo Ba &, 2EEOAF N
PVEREh, WEIEPOBE, AcPEAIPIEERETHY, #
#TIEPO, AcPB L AIPOVTRHBIEE X TWEY,
T/, WEEEROF LB, HICAPSB L UAIPS, FH
WCPONRIET B 54 7L, BICSEHEOMEED, TORM
DI (R 2 TOCREOET) ICPOPHFELET L5 1 71
SFOENTEBY, BREINEORERBICHLATLEER
RT3, IFBEROR 2 H2 2 IR BT 2388
DEFOFEL, <5 A FRIRDPGLOFN LT 5,
$72, HEBRHROATEREOFEBEIZPOA, HIZAPHRIE
THEREY YA FHREROPG2EHM L TH B, LaL, <
51 ofG-2TIRAIPIRBRI SNV, I—ay INF LD
HERERIZ, 5 A R IRkDopG2E R, & DR
DR EL DR PFEIET DPEPITOVTIEERE
NTELT, <51 oBG-2DPORFAIEARIZED bN LD
RS HFRIBICEZ 5ODLRHTH b,

54 IWEFEELI< 5 A O PIROBERED, KRFEM
DENERLDPEPEANHTHEA, FERIEFIZEL
WRBBD NG hro/zZ L, FAKOHABELHTT, £F

EHRITEIFIZ Y 4 I AT 7 U F 29 Cryprocaryon irritans
DFEEICIBHUAMNFAENRELI2Z b, 51/ LHFER
DEFHMEIRFEREELRDL EERON S, FRILEL
BEECS A/ TEFERDS, HHROFURPEL L. &
%, 5472275 ALFESE-OLICEERIER
B SE, &4 ZOFEPTHREICRITTRELHR
LHTETH D,
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