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Morphological and Cytochemical Characteristics of Neutrophil from Japanese
Lates, Lates japonicus

Masakazu Kondo ", Shinya Yasumoto and Y ukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in Japanese lates,

Lates japonicus were examined by light microscopy. The shape of neutrophils was round

to oval (8.0-12.0 um in diameter) and the nucleus round to lobule-shaped. Granules of the

neutrophil were classified into two types, chromophobic granule (BG) and basophilic granule

(yG). The BG was round to oval (£0.5 um in diameter), unstained by Romanowsky type

stain (May-Griinwald (MG), Giemsa and MG-Giemsa) and peroxidase positive. The yG was

round to oval (£0.3 um in diameter) and stained light blue with Romanovsky type stain under

various conditions. This granule was alkaline phosphatase and toluidine blue (TB) positive.

The Yasumoto body was also found in the neutrophil and TB positive.

Key words : Japanese lates, Lates japonicus, neutrophil, morphology, cytochemistry
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation
Condition'? PN’ Condition'? PN’
MG: DW 1 G I/150 M PB, pHS.0, 1:20, 15 min 42
: 5 mM PB, pHS.0 2 : '/\50 M PB, pH8.0, 1:20, 60 min 43
: 5 mM PB, pH6.0 3 : /150 M PB, pHS.0, 1:100, 15min 44
:5mM PB, pH7.0 4 : '/150M PB, pH8.0, 1:100, 60min 45
: 5 mM PB, pH&.0 5 MGG: DW, 1:20, 15 min 46
:'/1s M PB, pH5.0 6 : DW, 1:20, 60 min 47
'/,s M PB, pH6.0 7 :DW, 1:100, 15 min 48
:'/1s M PB, pH7.0 8 :DW, 1:100 , 60 min 49
'/, M PB, pHS8.0 9 : 5 mM PB, pH5.0, 1:20, 15min 50
G :DW, 1:20, 15 min 10 : 5 mM PB, pH5.0, 1:20, 60min 51
: DW, 1:20, 60 min 11 : 5 mM PB, pH5.0, 1:100, 15 min 52
:DW, 1:100, 15 min 12 : 5 mM PB, pH5.0, 1:100, 60 min 53
: DW, 1:100 , 60 min 13 : 5 mM PB, pH6.0, 1:20, 15min 54
: 0.5 mM PB, pH5.0, 1:20, 15min 14 : 5 mM PB, pH6.0, 1:20, 60min 55
: 0.5 mM PB, pH5.0, 1:20, 60min 15 : 5 mM PB, pH6.0, 1:100 , 15 min 56
: 0.5 mM PB, pHS5.0, 1:100, 15 min 16 : 5 mM PB, pH6.0, 1:100 , 60 min 57
: 0.5 mM PB, pH5.0, 1:100, 60 min 17 : 5 mM PB, pH7.0, 1:20, 15min 58
: 0.5 mM PB, pH6.0, 1:20, 15min 18 : 5 mM PB, pH7.0, 1:20, 60min 59
: 0.5 mM PB, pH6.0, 1:20, 60min 19 : 5 mM PB, pH7.0, 1:100, 15 min 60
:0.5mM PB, pH6.0, 1:100, 15 min 20 : 5 mM PB, pH7.0, 1:100, 60 min 61
: 0.5 mM PB, pH6.0, 1:100 , 60 min 21 : 5 mM PB, pH8.0, 1:20, 15min 62
: 0.5 mM PB, pH7.0, 1:20, 15min 22 : 5 mM PB, pHS.0, 1:20, 60min 63
: 0.5 mM PB, pH7.0, 1:20, 60min 23 : 5 mM PB, pHS8.0, 1:100, 15 min 64
: 0.5 mM PB, pH7.0, 1:100, 15 min 24 : 5 mM PB, pH8.0, 1:100, 60 min 65
: 0.5 mM PB, pH7.0, 1:100, 60 min 25 :'/1sM PB, pH5.0, 1:20, 15min 66
: 0.5 mM PB, pHS8.0, 1:20, [5min 26 '/,s M PB, pH5.0, 1:20, 60min 67
: 0.5 mM PB, pH&.0, 1:20, 60min 27 :'/1sM PB, pHS5.0, 1:100, 15 min 68
: 0.5 mM PB, pHS.0, 1:100, 15 min 28 :'/1sM PB, pH5.0, 1:100, 60 min 69
: 0.5 mM PB, pH&.0, 1:100, 60 min 29 :'/1sM PB, pH6.0, 1:20, 15 min 70
5o M PB, pH5.0, 1:20, 15 min 30 M PB, pH6.0, 1:20, 60 min 71
: /150 M PB, pH5.0, 1:20, 60min 31 :'/1sM PB, pH6.0, 1:100, 15 min 72
- '/1so M PB, pH5.0, 1:100, 15 min 32 :'/1sM PB, pH6.0, 1:100, 60 min 73
/150 M PB, pH5.0, 1:100, 60 min 33 :'/,sM PB, pH7.0, 1:20, 15min 74
- /150 M PB, pH6.0, 1:20, 15min 34 :'/;sM PB, pH7.0, 1:20, 60min 75
. '/1so M PB, pH6.0, 1:20, 60min 35 . '/;sM PB, pH7.0, 1:100, 15 min 76
/150 M PB, pH6.0, 1:100, 15 min 36 sM PB, pH7.0, 1:100, 60 min 77
/150 M PB, pH6.0, 1:100, 60 min 37 :'/1sM PB, pH8.0, 1:20, 15 min 78
/150 M PB, pH7.0, 1:20, 15 min 48 isM PB, pHS.0, 1:20, 60 min 79
/150 M PB, pH7.0, 1:20, 60 min 39 :'/,sM PB, pH8.0, 1:100, 15min 80
: 1o M PB, pH7.0, 1:100, 15 min 40 - '/;sM PB, pH8.0, 1:100, 60min 81
- /150 M PB, pH7.0, 1:100, 60 min 41

'MG, May-Griinwald stain (after fixation and staining for 5 min with MG concentrated-solution, the smear was stained again for 10
min in MG diluted (1:1) with various solution); G, Giemsa stain (after fixation with absolute methanol for 5 min. the smear was
air-dried and then stained with Giemsa diluted with various solution); MGG, May-Griinwald * Giemsa stain (after staining with MG

stain, the smear was stained with diluted Giemsa solution); DW, distilled water; PB. phosphate buffer; 1:20 and 1:100, dilution ratio

(Giemsa:diluent); 15 min and 60 min, time of Giemsa stain.
“Diluent for Giemsa of MGG stain were DW, 0.5 mM PB or'/,5s M PB.
*Preparation number.
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BTN EEZSNTNS 'Y,

AHFFETIE, FBITBIT B R ERBR O E S 51
Bk 27201, AXFARXFUHET W AFHIET S
7 71 A Lates japonicusw DI ER D REF Y% MRSV
W THTL, CNETICHE LA E L .
ZOREE, BROSMAHOM IR &3S 2 Fsip ik
ENRFEARD S NIZDTZ ZICHET 5.

MHELUHE

EERAITIE, FEHEEASSoam DT I AEHAWE, T
AVIKPERF R DEFENEERITHEATE, KT T 1AL
LEIE LB R L A2, BT IR AT AR O Bl & i
BHEAIZEMN GRRE) ZMEmniE L. b, EBFO
KL 17°CT & 2 7z, MR R BKEEA DFEL, MRSV (Table 1)
B L OH BN SRR T - R (2009) ™ 12U s
Mol

#m R

TS A DEFRERICIE B RS v BRI S NN
(Fig. 1A), aBRIIRSNABMo/z. Tz, WITNOIH
BRIZ® Y /MK (ZA/NME, Yasumoto body (Y-body)) 7%
WO SNz, T I A PEROA LA F Table 212
R

HFERERIZTERE 8.0 ~ 12.0 um O MTEE /- IFHIE TH D,
Mg S ZOREE<, BidME» S~ Q5
EET) ThHH, HEMICCPRRIEL Tz, OREHE
HEM <, NEIORFERAESBE I N, IRWROE
1E MG B8 TR E L LD, G REAaBITU MGG 3
6T, FREOAERLEZ. BEAERTORELEMFITBW
Tl AR A A E L RRFAER LA VISMO
D AR Y & VN 2 MG BT, pHS.0 BE T pH6.0
DA, MEEERIIREA TH > 72 (Fig. 1B).

BRI M ELTIFHETERMNOS m LT TH

*ﬁ Ao e |

| ——

<

Fig. 1. Neutrophils of Japanese lates. A, May-Griinwald (MG) * Giemsa stain (PN 72; Sce Table 1); B, MG stain (PN 6; Sec Table
1); C, periodic acid Schiff reaction; D, toluidine blue; E, sudan black B; F, alkaline phosphatase; G, acid phosphatase; H, £
-glucronidase; 1, «-naphtyl acetate esterase; J, @ -naphtyl butyrate esterase; K, naphthol AS-D chloroacetate esterase; L,

peroxidase. Arrowhecads show Y-body. Bars=5 um.
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D, MIEIZTBL T, KERZWThOEED
Romanowsky T HAG 1T 00 T H IR A2 (630 & 7R X 9 B
TdHole v HERIIMIEEIZINHE TERS 0.3 um L
TTHY, MRECLEHEL T, RBRIEZWITNO
254D Romanowsky BIEIZ BT HHRFBEZE L. Y
NMEHTE, SRME, AR, —“HAR., #ike
EREBIUPRETELETHY, HEIRIFRIRT &R
7o TV, Y AMES R B S NGRWFFRERIZRD 5
Nishorz, F/MRZWTNOREEMITB N T HMERE
ERBICEHEAZR L.

WA (B 0.3 um LAT) 72HJE F 721 BRI O periodic
acid Schiff It (PAS) KMEMIKLAS, WINOFTERIZH
ZRHWRI N, NMBRELED PAS 5551 Th > 72 (Fig.
10 WIFND PAS B ® - 7 I 7 —FUHITL -

IR,

TEaiilge Lz, 7V 7 > I —3a TG IERALE
MEINhol. R 22T )h— (TB) BfEICLS

T, WIENOUPERIC O« DJEE (M), BT, #)7,
“HAW, MR &R E OB ERIA D
iz (Fig 1D). F/o, MIEEZBIIFIZOEME
Mk (B 03mLlT) MEEEDHLNBEEHIT, K

a X,

bERIN, 1INy FOBIXUXY VIMRETIE
B EE I NAMM o, L, XTI B
(SBB) A THEHMEEAIEINME (EF 03 umLF) @
G ER L EBE I N (Fig. 1B), MLEEESHG
MTHote FINHUKET+ AT 75 —F (AIP) EHIE
FFIME (BE03 um LUF) OBEMHERE L TEK
Iz (Fig 1F), F/z, HMIMEEED AIP 55T
Hole BT AT 75— (AcP) WEPIEEZIZIIM
T (ER05mmELTF) OBMEER & L TERBEEN:
(Fig. 1G)e B-ZNo =4 —+ (B-Glu) EEF 0.6 um
LLUF DM, SR E 345 O HR & U TR 61
7= Fig. ID)e -+ 7FNTET—FIXTI—F (a
-NAE), -7 7FNVITFL—FIAT7TF—+ (a-NBE)
BLUFI7bh—)ASDrOOF7ETF—hIZAFS5—F
(NASDCAE) W0 HER03 um LT OMTEE 358
Mz OBERR & L TEEM SN Figs. 11K, X
WAFF—E (POY (XINGE IR OB PR (&
OS5 umBLT) ELTHDSN, MEICHML Thk
(Fig. 1LY AZITIE PO M SO AR E e o 7z

Table 2. Summary of reactions of Japanese lates neutrophil to cytochemical

tests

Test

Positive site (shape, number and size)

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase
Alcian blue (pH1.0)

Alcian blue (pH2.5)

Toluidine blue (in distilled water)

Granule (round or oval, many, ¢ =0.3 xm); Hyaloplasm

Granule (amorphous (a few, equivalent to Y-body), round or oval

(many, ¢ =0.3 xm, equivalent to yG)); Nucleus

Sudan black B
SudanIll

Oilred O

Alkaline phosphatase

Hyaloplasm

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase

a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

Peroxidase

Granule (round or oval, many,
Granule (round or oval, many,
Granule (round or oval, many,

Granule (round or oval, many,

Granule (round or oval, many, ¢ =0.3 ym) ; Hyaloplasm

Granule (round or oval, many, ¢ =0.3 pm, equivalent to yG);

Granule (round or oval, many, ¢ =0.5 ym)
Granule (round, oval or rod, many, ¢ =<0.6 y«m)

$ =0.3 um)
¢ =0.3 um)
¢ =0.3 um)
® =0.5 um, equivalent to PG)

—, non detection.
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Table 3. Summary of Romanowsky-type staining characteristics of y granule in hagfish
and actinopterygians neutrophil

PN

Fish and number of y granules observed in each staining preparation'?

Eb Pe Sf Aj Ce Laj On Pt Sq

| b . . - . A+ = NT =
2 et - = - - - - = -
3 S - 2 = - ++ + - -
4 bt - = . - 4+ +++ - -

5 e _ A+ = - ++ NT NT -

6 P S " = - o - 5 =

7 = = S . - et + 2 =

8 - . . . . - - - .
9 : - + ; - T NT NT -
10 b - ++ e NT otop A NT o+t
11 bt + - -+ +++ ++ +++ NT Aot
12 et y + + NT ot NT NT ot
13 et - + o e et NT NT At
14 et + e + NT +++ + NT At
[5 et - -+ 4+ et e+ NT NT -
16 et . + - NT At NT NT et
17 et + + -+ ++ NT NT 4+
18 it - e ot NT oot o NT et
19 e - - ++ +H+ ++ NT NT et
20 bt . + + NT +++ NT NT et
21 4+ i +++ + e et NT NT 4+
22 et - -+ ++ NT -+ ++ NT et
23 SRS - o At bt it NT NT E
24 e - +++ NT ++ NT NT e
25 ot - ot A+ 4+ ++ NT NT -+
26 et - bt At NT o NT NT At
27 i e ++ NT 4t NT NT +++
28 ot = At e+ NT +++ NT NT bt
29 ot - ot ot NT +++ NT NT et
30 ot + +++ +++ NT +4+ e NT ++
31 et + +++ 4+ +++ ++ NT NT e+
32 e = - + NT e+ NT NT 4+
33 ot - R + = -+ NT NT R
34 bt - 4 bt NT 4+ = NT ot
35 e - b +++ +++ +t NT NT +++
36 ot : 4+ + NT +++ NT NT et
37 e + b + e +++ NT NT -
48 ot - o+t bt NT At At NT R
39 b + A b o +++ NT NT bt
40 4 ot + NT e+ NT NT +++
4] -+ - e+ o+ +++ +H+ NT NT 4+

'Eb, Eptatretus burgeri (hagfish, Kondo and Takahashi 2009'*); Pe, Polypterus endlicheri (Kondo and Takahashi 2009'Y); Sf;

Scleropages formosus (Asian arowana, Kondo and Takahashi 2009'?); 4/, Anguilla japonica (Japanese eel, Kondo and Takahashi

2009'); Ce, Cyprinus carpio (common carp, Kondo et al. 2002%); Laj, Lates japonicus (Japanese lates, present report); On,

Oreochromis niloticus (Nile tilapia, Yasumoto et al. 2003¥): Pz, Parapristipoma trilineatum (striped grunt, Kondo et al. 2004%); Sg,

Seriola quinqueradiata (Japanese amberjack, Kondo et al. 2009'").
44+, many: +, some: -, not observed; NT, not tested.

PN, preparation number (See Table 1).
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Table 3. Cont.

Fish and number of y granules observed in each staining preparation'?

BN Eb Pe Sf Aj Ce Laj On Pt Sq

42 R + o+ ot NT ++ NT NT +++
43 ++ + +++ At NT +++ NT NT +++
44 +++ - +++ 4+ NT it NT NT +++
45 +H+ + +++ 4+ NT 4+ NT NT +++
46 At e + +++ s +++ 4+ NT et
47 +++ - +++ ++ +++ +++ +++ NT 4+
48 +++ - + + - +++ + NT -+
49 =+ 3 + + - 4+ + NT -+
50 +++ - + + - +++ - - ++
51 4+ = +++ + +++ e+ - NT -+
52 4+ = + = - +H+ NT NT -+
53 +++ - 4 = - +++ NT NT 4+
54 -+ = + + - +++ +++ : +++
55 +++ = +++ +++ -+ -+ +++ NT +++
56 A+ - + + - ++ NT NT 4+
57 ++ = -+ + + +++ NT NT +++
58 -+ = A+ +++ + +++ -+ ot -
59 +H+ = +++ +++ ++ -+ +++ NT +++
60 -+ e -+ 4+ + =+ NT NT +t
61 4 - 4 4+ + -+ NT NT -+
62 +++ = +4++ +++ NT ++ NT NT +++
63 - = et -+ NT +++ NT NT -+
64 +++ - +++ +++ NT Aot NT NT +++
65 +++ = +++ +++ NT +++ NT NT +++
66 ++H+ s + + 2 -+ = e 4+
67 e - + + +++ -+ - NT -+
68 +4+4 - + - = +++ NT NT +++
69 -t = + = - -+ NT NT +++
70 +++ ~ +++ + + -+ +++ - +++
71 +++ = +++ + -+ +++ - NT 4+
72 ++ - +++ + - +++ NT NT 4+
13 +++ - +++ + + ++H NT NT e+
74 +++ +++ ++ +++ +++ +++ +++ -+ -+
75 A+ +++ -+ +++ 4+ ++ +++ NT +++
76 4 - A+ + + -+ NT NT -+
77 =+ = 4+ +++ +++ +++ NT NT +++
78 +++ o +++ +++ NT ++ NT NT +++
79 ++ 4 +4+ +++ NT +++ NT NT +++
30 +++ = -+ =+ NT -+ NT NT +++
81 +++ - +++ +++ NT B NT NT +++

'Eb, Epratretus burgeri (hagfish, Kondo and Takahashi 2009'); Pe, Polypterus endlicheri (Kondo and Takahashi 2009'); Sf.
Scleropages formosus (Asian arowana, Kondo and Takahashi 2009'?); 4j, Anguilla japonica (Japanese eel, Kondo and Takahashi
2009'); Ce, Cyprinus carpio (common carp, Kondo et al. 20027); Laj, Lates japonicus (Japanese lates, present report); On,
Oreochromis niloticus (Nile tilapia, Yasumoto et al. 2003%); Pt, Parapristipoma trilineatum (striped grunt, Kondo et al. 2004%); Sg,
Seriola quinqueradiata (Japanese amberjack, Kondo et al. 2009'").

Tt many; +, some; -, not observed; NT, not tested.

PN, preparation number (See Table 1).
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AWFEDFERM S, 77 A DIFHRERITIE 2 FERE O FkI (B
KL v BERD &Y /MRDSERAT DI EMES M ERo T,

BRI INETICEHONME L L2 TOEE A
(zryryruavud, urF oA, 72, J—HFN1H
T4 Fa 2EF, (9%, 7, XFFY, FHHFN
A, TNh—F), ZAXF, EIAXF, FAUIAXF,
ADF, RNY, T, TU, EITA, bITY) T
O SN TS TR0 gk 2 S 0B HE B O B A
WIRFRHESNTNEXIUFFHEIETEZXITFF
Epiatretus burgeri %, WSERMi GO Y 7 U INA F 3
Protopterus annectens B X VEH AR E & HICLKEMICE
FN., FEEMOP TRHHENEEZ ST D kg i
R T FIVABIZET B Polvpterus endlicheri O gk Iz
VB BRI BB S N TR M

TERIIESGETR YT TOUd, O FE a0,
FAINTATET, A HFBIUTY OFFERICEREN
Tg WD F g BRI X 5 FF & P endlicheri
KHBHSNTWS Y, UL, AIEK OGEHET S
MITHEDZEMS (Table 3), 7 JEKLDRNEYCHEET
MHEMTRAERZEEZEND T, T HADMHRRIZS ¥
BRI I NN, ZORAHERABOWTNOAEED
7RI & B 5 T/ (Table 3).

Y /MK R E T FF% P.oendlicheri & & B IT&FEE
BHOHPERICERENTND Z &5 Y [Nk
REEOHFRICIET AMEMEEASNTHBO
T HADIFPERICS Y NMEBBRENZ I EEFIDEA
EXFLTNWS,

AL E BN S 7 7 A HPERD BRI B L TY /)
KOGy 2 RO K DITHEE U e, PAS B BRIE B Tk
EEREINRAD, v RSB ERSRZS. Hz, PAS
MPEkiL - 7 2 7 —PIC K D ERITHLENZ Z &M
5, JUd—FUEERTETIMENTHSLLEELSN
%, SBBIBMEEKIZHIKB LI ULKRESI NS B AR ST R
B, YERIODEMNEN ENS, MEEKA SBB
TEFRITH B LT F AR, TBHRMAIZK > THL4 DOFE
ZRT HEOHARTIRE S & & BIT, MR s Aok
PRk SR I N, IS ORI RS,
5, AIEE Y /IMEIS, BEE r BENCHS T 2 L Ebis,
AP BPERLI TR, K E I B LUK v BRI & HiR
LTWBZEMS, ABFHIL y BRICHETT 2 & EbN S,
AcP BHVERERIIS v BERL &1 IBARAS, B ERKI & EA s D

B -Glu B MEERL 1 BRI SRR S IE IR ERE IR
%%, £7z, @-NAE, «-NBE B &L f NASDCAE g 4§
KLDKRESBIUIBIRG v TR S HBIL TW B3, ik
KOBEMNENZ EMS, TNOBEOHFEIEIIIME T
E78W. PO B FRRLE M £ 7= 1358 F B THIBE I Fe i
LTWa I EMS, BHERICHHTLEEEASID,

INETIZ, BHEAFEDIFPEROMII ARV RN
S5NTWSAH (Table 4), [HtEFIGDEEEMAHEE SN
TWhWab0E . Lnl, BRI 28E (7
TruvFr, wFF, v, SN0, RI, AF
Y, Th—F), AXF, EIAXF, ATF, INY
YA, TY, BETA, NI TY) TiE, KERA PO
UTHBEEZLNTND B 7 HTBNTH
B YERI T PO DR & Tz, PO TSI D RBAEHL DB NN S,
HEBEONMBHIN-A S (/Y2 NA0, T—F),
AXF, EIAXF, ATVF, BT A) EL-B#E (72,
AT, AFH, TNF) KM INTH0 Y jiHETIE
PO YEMEVE B RIIC, B & TIL POTEIEA B HEI D BT 5
TRICOHMHEINTWS, 7 HADHREROEIL PO &l
ThHol

YNEEFTHEHE (XY T FF P oendlicheri, 73
FrUOF, wFE, 7a, ) —HF N0, K5, AFY
TW—F), ZXF, EIAXLF, AVF, INY, 54
T, BT A, hTTT) T, BN TBEIETH B
EEZSENTNG ST 7 H BN TH Y MK TB
[HPETH o725, v RO KSR Sz, Ly
U, vBRzEdD5X5DFF, P endicheri, 7277
074, UFF¥BIUTUTIE, 7 8EEIC TBBBERIGIE
EH SN TR 297,

AWFRIZE ST, 7 HADURERIZIZ 2 FEEOER (8
BRI, 7 HERD &Y /MAMEIET BT &L BHALICIE PO
M,y RN AIP & TB BEHEME AL, Y /MAICIE TB B
HHEDTFET DN SN e, TNETIZ, #F
&5 S EE A LT P ER N DR R DBV S 3 FRIC
KBIUTERED, 7HAIWTNORICHEI RN &n
5, THADNFHETDH-aHEE L TIVEEERITZ 0,

&}I

¥

KB SR U T2 12D oK BER R E W A e 2 R
IR MTPEEE TR OLALET,



Table 4. Comparison of cytochemical characteristics of neutrophils from various fish species

Fish and type of cytoplasmic granule®

Test' Eb Pa Pe Sf Aj Pla El Mc Ch Laj Lm Lj, Ll Es N Gp Pm Po T
Y P al,a2,y  aBy o By B B B B B,y B B B o By B o B B o B
PAS +(H, G) +(P) +MH.G) +MH.G) +HG) +HHG +MHG FH.G +MH,G MG F+MHG FHG +HHG) +MH.G +HG +HG +H.G +HG)
PAS-0A — +(P) - - - - - +(H) +(H) — — - +(11) - - — - —
AB pH1.0 — = - — - - - - - — - — - - — - - —
AB pli2.5 - = - = = — — - - = - — - - = - — —
TB +N,Y)  +N, P HNY) HNY) +HNY) N YY) +HNY) HS), N, Hs)’ H H\‘,\;‘ ¥ +(N,Y) +(N,Y) H;I)' N, +N,Y) +NY) +NY) +HNY) +NY)
SBB - = +(al) +(G) +(G) — +(G)  +(H,G) +(, G *=M.G)  +(G) +(G)  +H.G) +(B) +(G) +(B) +(G) +(G)
il - - - — - - - — - — — - — — — - — -
ORO - . = — - = — — - — — — — - — — - =
AlP = - +(al) ~ — = - — - +(H,y) = - +(H,G) +(B) +(H, G) - - -
AcP - +(P) H(ul) - +) - ) +(G) +(G) +(G) - +(G) +(G) +(G) +(G) +(w) +(G) +(G)
B-Glu — - +(al) - +(G) = +(G) +(G) +(G) +(G) = - +(G) = — +(G) - -
«-NAE — +(P) +(al) +(G) +(y) = +(G) +MH.G +HG  +G) — +(G) +(H.C) +(y) +(G) +(a) +(G) +(G)
«-NBE +@) +(P) +(al) +(G) +(v) — +(G) — +(H.G)  +(G) = - +(H, G) - — +(G) - +(G)
NASDCAE — +(P) +(al) +() +(G) — +(G) +(G) +(G) +(G) — +(G) +(G) - - +(w) — +(G)
PO = = = +® +(B) T(N.B) +@® TN (N, B) +B) +® +® TN, B) +B® +(B) +® +(B +®

'PAS, periodic acid Schiff reaction; PAS-aA, PAS after a-amylasc digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; SII. sudan II; ORO, oil red O; AIP, alkalinc phosphatase; AcP, acid phosphatase; B-Glu,
p y g p phosp
B-glucronidase; a-NAE, a-naphtyl acetate csterase; u-NBE. a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chioroacetate esterase; PO. peroxidase.

2Eb, Eptatretus burgeri (hagfish, Kondo and Takahashi 2009'); Pa, Protopterus annectens (African lungfish, Kondo and Takahashi 2010'); Pe, Polypterus endlicheri (Kondo and Takahashi 2009'%); Sf, Scleropages formosus (Asian

arowana, Kondo and Takahashi 2009'); 4j, Anguilla japonica (Japanesc ccl, Kondo and Takahashi 2009'%); Pla, Plecoglossus altivelis (Ayu, Kondo 2006%); El, Exos lucius (northern pike, Kondo ct al. 2008'"); e, Mugil cephalus

(gray mullet, Kondo et al. 2011%); Ch, Chelon haematocheilus (redlip mullet, Kondo et al. 2011°Y); Laj, Lates japonicus (Japanese lates, present report); Lm, Lepomis macrochirus (bluegill, Kondo et al. 2005%); Lj, Lateolabrax

Japonicus (Japanese seabass, Kondo et al. 2007'"): L/, Lareolabrax latus (scabass. Kondo ct al. 2007'"); Es, Epinephelus septemfasciatus (sevenband grouper, Kondo ct al. 2010'); Sq, Seriola quingueradiata (Japancse amberjack,

Kondo ct al. 2009'™); Gp, Girella punctata (rudderfish, Kondo ct al. 2005°™); Pni. Pagrus major (red sca-bream, Kondo ¢t al. 2009'%): Po, Paralichthys olivaceus (Japanese flounder, Kondo ct al. 2005™); Tr, Tukifugu rubripes (tiger

puffer. Kondo et al. 2007”); «, eosinophilic granule; «l, o type 1: a2, « type 2; B, chromophobic granule; v, basophilic granule: P. panchromatophilic granule; Y. Yasumoto body; H, hyaloplasm; G, granular; N, nucleus; —, negative; =,

weakly positive: =+, positive.
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