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Neutrophil Granules of Red Seabream Pagrus major
Infected with Gliding Bacterium Tenacibaculum maritimum

Masakazu Kondo', Riho Watanabe, Keito Tachibanagi,
Takehiro Kimura and Shinya Yasumoto

Abstract : Three types of granules, two extraordinary types and one inducible type, were observed in the
neutrophils of red seabream Pagrus major infected with Tenacibaculum maritimum. Both extraordinary granule
types (e0G1™, e0G2™) had similar morphologies but different cytochemical characteristics to those of ordinary
granules (0G1Y, 0G2Y) from non-infected fish. The eoG1™ showed chromophobic, simple morphology (without
stratified structure), peroxidase positive and lack of lysozomal enzymes. The eoG2™ was stratified granule
with three-layer structure [inner eosinophilic layer (L0-0), middle chromophobic layer (L0O-1) and outer
chromophobic layer (L1)]. Acid phosphatase, p-glucuronidase (B-Glu), a-naphtyl acetate esterase and naphthol
AS-D chloroacetate esterase were detected in L0-0, but a-naphtyl butylate esterase was in L0 (L0-0 and LO-1).
Peroxidase (PO) were localized in L1. Both extraordinary types were Sudan black B (SBB) negative. Spot
formation, a curious phenomenon appeared in PO-stained oG2" (positive L1 and negative L0), was not
observed in eoG2™. Inducible granule (iG™) was consisted of two chromophobic layers (inner L0 and outer L1).

The L0 of iG™ showed positive reaction to PO.
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Fig. 1. Neutrophils from red seabream infected with

DB TIZ625 g, 618 gB L UV658 gThH o7z, WIND

PSS BN THREDOFK L ITEEM & BRATRD Sz,
PR Z F T THREEL (20 ppm, 153, RS
M SERIML L 720 MUESRKFBEARDO/ER L, fifHil-4) & W
B2 May-Griinwald-Giemsa (MGG) ¥:ft, Bifdtn, %
gt B X ONRBIStL & it U ORI el L7z,

Tenacibaculum maritimum. A, May-Griinwald-Giemsa [Note
eosinophilic particles (L0-0 of eoG2™)]; B, acid phosphatase;
C, a-naphtyl acetate esterase; D, a-naphtyl butyrate esterase;
E, peroxidase [poitive reaction was detected in eoG1™, L1
of e0G2™ and L0 of iG™ (arrowheads)]; F, scale bar (5 pm)
which is adapted to all figures (A-E) in Fig. 1. Note small

Tm)

positive particles (LO-0 of eoG2™) in B & C and larger in
D [LO (LO-0 + L0-1) of eoG2™]. Counter stain in B-E,
hematoxylin (Mayer).
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Table 1. Summary of reactions of neutrophil from red seabream infected with Tenacibaculum maritimum to
cytochemical tests

Type of granules and reaction”
e0G2™” ic™
L0 L1 Lo L1

Other positive site (shape, number and

*
Test ! . *3
size)

eoG1™

MGG C E+C C C C

AlP — — - — — -

AcP — + — — — —

Glu - +* - - — -

NAE — + — — — -

NBE — + — — - —

CAE — + — — — -

Peroxidase
(SF:—) -

PAS — — — — — G (round or oval, a few)*5 s H

PAS-cA — — - — — -

AB (pH1.0) — — — - — -

AB (pH2.5) - — - — — -

TB — — — ~ — G (amorphous, a few, eq Yb); N

SBB - — - — — -

Qilred O - — — - - -

Sudan III — — — — — —

"1AIP, alkaline phosphatase; AcP, acid phosphatase; Glu, p-glucuronidase; NAE, a-naphtyl acetate esterase; NBE, o-naphtyl butyrate esterase; CAE, naphthol AS-D
chloroacetate esterase; PAS, periodic acid Schiff reaction; PAS-0A, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water; SBB,
Sudan black B.

260G 1™, extraordinary granule type 1 observed after infection with T. maritimum (0aiTm); eoG2™, extraordinary granule type 2 oaiTm [consist of eosinophilic inner
layer (L0-0), chromophobic middle layer (L0-1) and chromophobic outer layer (L1)]; iG™, inducible granule 0ai7m [consist of chromophobic inner layer (L0) and
chromophobic outer layer (L1)]; +, positive; —, negative (non-detection); SF, spot formation.

"G, granular; H, hyaloplasm; N, nucleus; Yb, Yasumoto body; eq, equivalent to.

**Activity was limited in the small central area of LO (L0-0).

*SPAS-positive granule was accumulation of glycogen particles because the positive reaction of the granule disappeared after digestion with a-amylase.
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Table 2. Comparison of neutrophil granules from red seabream infected with pathogenic bacteria

Origin of neutrophils, type of granules and reaction™

7 . N Fish infected with:
=) Non-infected fish™® - - ™ - o - — v
2 Edwardsiella anguillarum Vibrio harveyi : Tenacibaculum maritimum
5 o 08 iG 0G2™ iG™ eoG __ eoG2" iG" i eoG __eoG2™ iG™
Lo L1:1% o Ll Lo L1 1™ 1o Ll Lo LI 1™ L Ll Lo L1
MGG C E C! C E c C cCiC E C C C ! C E C c C
AlP - - - = - + - - = - + - i = - - - -
AcP - o+ -+ = - - -+ = ~ S - -
Glu - +M = = 4 - - o - - e - -
NAE - + - =+ = - -1 = + - - + -+ - - -
(SF:—)
NBE - + - =+ = - - - 4 - - + i - + - - -
(SF:—)
CAE - + ==+ = - =i =+ - - + - 47 = - -
: ; (SF:—)
PO + -+ i+ - + - -+ = + + - i+ - + + -
(SF:4) | (SF:+) ; (SF:—) f (SF:—)
SBB + - i+ =+ e - + - = - - - -
(SF:~) (SF:—) ;

"'MGG, May-Griinwald-Giemsa; AIP, alkaline phosphatase; AcP, acid phosphatase; Glu, p-glucuronidase; NAE, a-naphtyl acetate esterase; NBE, a-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate
esterase; PO, peroxidase; SBB, Sudan black B.
“2All types of granules showed negative reaction to other tests (periodic acid Schiff reaction, alcian blue (pH1.0, pH2.5), toluidine blue in distilled, oil red O, Sudan III).

“0G1", ordinary granule type 1; 0G2", ordinary granule type 2; 0G1%, ordinary granule type 1 observed after infection with atypical Edwardsiella anguillarum (aiEa); 0G2*, ordinary granule type 2 observed
aiEa; iG™, inducible granule induced aiEa; eoG1", extraordinary granule type 1 observed after infection with Vibrio harveyi (aiVh); e0oG2", extraordinary granule type 2 observed aiVh; iG™, inducible
granule induced aiVh; eoG1™, extraordinary granule type 1 observed after infection with Tenacibaculum maritimum (aiTm); eoG2™, extraordinary granule type 2 observed aiTm; iG™, inducible granule
induced aiZum; L0, layer zero; L1, layer 1; C, chromophobic; E, eosinophilic; +, positive; —, negative (non-detection); 1, increase of positive site; SF, spot formation.

A few of LO were positive.

“Activity was limited in the small central area of LO (L0-0).

“Kondo et al. (2017)?; "Kondo et al. (2017)"; “Kondo et al. (2020)”; “dpresent report.
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