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Neutrophil Granules of Red Seabream Pagrus major Infected
with Body Surface Cloudiness

Masakazu Kondo', Kouhei Maekawa, Shinya Yasumoto and
Yukinori Takahashi

Abstract : Two types of granules were observed in the neutrophils of red seabream Pagrus major infected with
body surface cloudiness (BSC). Both granule types had similar morphologies but different cytochemical
characteristics to those of ordinary chromophobic granules (0fG-1, 0BG-2) from non-infected fish. In this paper,
we called the two granule-types from the fish infected with BSC to extraordinary chromophobic granules
(type 1, eoBG-1%% type 2, eofG-2%°Y). The eofG-1° showed chromophobic, simple morphology (without
stratified structure), peroxidase positive, SBB negative and lack of lysozomal enzymes. The eo[SG-ZBSC was
stratified granule with two-layer structure (inner eosinophilic layer (L0) and outer chromophobic layer (L1)).
Lysozomal enzymes (acid phosphatase, p-glucuronidase (B-Glu) and esterases) and peroxidase (PO) were
localized in LO and L1, respectively. Both types of extraordinary granules were Sudan black B negative. Spot
formation, a curious phenomenon appeared in PO- stained ofG-2 (positive L1 and negative L0), was not
observed in eofG-2". Almost all LO of eofG-2"° were B-Glu positive. Contrastively, this enzyme activity was

detected in a few LO of ofG-2.
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SN WwFHER BN (inducible chromophobic granule,
iBG) 2B B L2 WG LAY,
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2. HEFWOFERFER YT IANI TV Fay
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7= (Figs. 1A, 2), SHEMAtELEAL2ToE 25, B
BAOHTRIRKITIAIPEHE TH - 7228, HGIEIRMITHBEE
HThy, BEENZROONE, -7 (Fig 1B). Hg
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T, eofG2°CiE, REFMDoPG-2L FMRIZLEDLOIC
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Fig. 1. Neutrophils from red seabream infected with body surface cloudiness. A, May-

Griunwald * Giemsa; B, alkaline phosphatase; C, B-glucuronidase; D, peroxidase (arrows,
eoBG-17; arrowheads, eoBG-2"). Bars=1 um.

0oG-1  0G-2 0G-15 0G-2* 1GE"
e0G-1 eoG-2<"  iG™ e0G-2"% G""
e0G-19 eoG-2“ e0G-155€ e0G-2B5¢

Fig. 2. Schematic illustration of neutrophil granules from red seabream. A, non-infected fish;
B-E, infected fish (B, Edwardsiella anguillarum; C, Ceratothoa verrucosa; D, Amyloodinium
ocellatum; E, Cryptocaryon irritans; F, body surface cloudiness). Open area,

chromophobic; closed area, eosinophilic; inner layer, LO; outer layer, L1. Abbreviations
as in Table 1.



Table 1. Comparison of neutrophil granules (chromophobic granule, G) from red seabream Pagrus major (modified from Kondo et al®)

Origin of neutrophils, type of granules and reaction™

2 E Fish infected with:

= Non-infected fish™ ! ) ) “ ; . : » w | Crptocaryon |  Body surface

B! ' Edwardsiella anguillarum ' Ceratothoa verrucosa ' Amyloodinium ocellatum ' L ' e

‘2 i : : i irritans . cloudiness

Z oG 0G-2 I oG 0G-2% iG™ | oG e0G-2% G €0G-2" iG* | eoG €0G2% ! eoG €0G-255¢

-1 L0 L1 : -1" 10 LI L0 L1 ! -1 10 LI 10 L1 Lo L1 Lo L1 -19 Lo L1:-1%° 1o LI
MGG C E c i cC E C C c ! cC E C cC E E c c ¢! c E c:! C E C
__________________________________ O O . . N SO S S
A i e
AcP - + - — + - - = - - - - - - - e +] - - + -
B-Glu - +* =0 = + = - - = +1 - - = +1 = - = = - - = +1 -
a-NAE - + - i = + - - == + - - = + - - =0 = + = - + -
a-NBE - + - = + - - = = + - - = + - - = = + = = + -
CAE -+ == + - - - = + - - = + - e e + -
PO + -+ i+ -+ - -+ - 4+ + = -+ + -+ = 4+ o+ =+
e GFh) i SER) oSBT S G s S A (0 N SF:z)
SBB -+ = T -y I -
(SF:—) | (SF:—) ; ; (SF:—) ; :
OR,SII  — - - - - = - - 1 - - = - = - + + = = - - = - -
: : L SR E E

"'"MGG, May-Grinwald-Giemsa; AlP, alkaline phosphatase; AcP, acid phosphatase; p-Glu, p-glucuronidase; a-NAE, u-naphtyl acetate esterase; a-NBE, a-naphtyl butyrate esterase; CAE, naphthol AS-D
chloroacetate esterase; PO, peroxidase; SBB, Sudan black B; OR, oil red O; SIII, sudan III.

*2All types of granules showed negative reaction to other tests (periodic acid Schiff reaction (PAS), PAS after digestion with o-amylase, alcian blue (pH1.0, pH2.5), toluidine blue in distilled).

“0G-1, ordinary type 1; 0G-2, ordinary type 2; 0G-1%, ordinary type 1 observed after infection (oai) with Edwardsiella anguillarum (oaiEa); 0G-2 %, ordinary type 2 oaiFa; iG™, inducible induced oaiFa;
€0G-19, extraordinary type 1 oai with Ceratothoa verrucosa (0aiCv); e0G-2, extraordinary type 2 0aiCy; iG®, inducible 0aiCv; e0G-2", extraordinary type 2 oai with Amyloodinium ocellatum (0aido); iG*,
inducible oaido; e0G-1%, extraordinary type 1 oai with Cryptocaryon irvitans (0aiCi); e0G-2%, extraordinary type 2 0aiCi; e0G-17°C, extraordinary type 1 oai with body surface cloudness (0aiBSC); e0G-2 25,
extraordinary type 2 0aiBSE; L0, layer 0; L1, layer 1; C, chromophobic; E, eosinophilic; +, positive; —, negative (non-detection); 1, increase of positive site; |, decrease of positive site; SF, spot formation.
“A few of O were positive.

*#4. "2 Kondo et al.?; "Kondo et al.”; “Kondo et al.”; “Kondo et al.*; “present report.
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