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Morphological characteristics of neutrophils in amphioxus
(Cephalochordata) based on the literature review

Masakazu Kondo ™ and Shinya Yasumoto

Abstract : Based on the findings of past literature, we speculated the existence of two types of stratified [two-layer;
inner layer (LO) and outer layer (L1)] granules in the neutrophils (granulocytes; blood cells) of amphioxus
(Cephalocordata), especially Branchiostoma japonicum. Type 1 neutrophil granules (NGla) consist of chromophobic LO
and chromatophilic L1. Other type (type 2; NG2) have chromatophilic LO and chromophobic L1. The L1 of NGla
and LO of NG2 show metaazurophilic (purple to blackish purple) in Giemsa staining preparation. Ultrastructurally,
these two granule types will not be separately identified. These granules contain intragranular particles (granulons,
g) in the LO of granules. At least, three types of granulons (g-1, g-2, and g-3) are recognized in a granule and
localized in LO. Two of them form an agglomerate with short rod shape and two layers (inner layer consisted by
g-2, and outer layer by g-3). The agglomerate have been considered as tubular structure or microtubule
(misinterpretation). Neutrophils of cyclostome (hagfish and lamprey) also have NG1 [NGla or NG1b (chromophobic
L0 and L1)] and NG2. Further, neutrophil granules of cyclostome also contain granulons (without forming of

agglomerate).
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Fig. 1. Comparison of two types of neutrophil granules from amphioxus Brarchiastoma japonicum [present report;
according to Usui (1922)° and Shima (1933)"], hagfish Eptatretus burgeri'® and lampreys [larva (ammocetes) and
adult of Lethenteron reissneri'™®; adult of L. camtschaticum (Lc) and L. kessleri (Lk)™]. NG1, type 1 (NGla & NG1b,
subtypes of NG1); NG2, type 2; L0, layer 0O (inner layer); L1, layer 1 (outer layer). [ ], chromophobic; H,
chromatophilic. In the figures (Giemsa stain) of Usui (1922)° and Shima (1933)", L1 of NGla and L0 of NG2

show purple or blackish prple (metaazurophilic).
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Fig. 2. Schematic illustration of neutrophil granule of amphioxus. A, three type of intragranular particles

(granulons). B, arrangement of granulons in the

granule. g-1, g-2 & g-3, granulon type 1 to 3 [g-1:

high-electron dense (HED) inner layer, low-ED (LED) medium layer, and medium-ED (MED) outer

layer. g-2, MED inner and outer layers, and LE
outer layer]; TS, transverse section of granulon

D medium layer. g-3, LED inner layer and HED
agglomerate (GA); LS, longitudinal section of GA;

GM, granule membrane; Border, border between inner layer (LO) and outer layer (L1) of granule;

IH, intragranular hyaloplasm.
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e BIZIE, g2 LA BRI T60° DAL & &
X I2RDEMEGE, HEM L KOG IALD
B, MMOg2B=AB LIS W H D, 5
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Moller & Philpott (1973012 & 2 B A A 7 7 & — &
(AcP) Heft L 2> 2 2%, By Mk A2 12 B 9 5 Moller &
Philpott (1973b)" DU XA D 5o 9% 5 1E APtk
AL A BT BEMSE CHIZ L ChB ) OhSEEMEREILHE L T
W), BRI /M vesicle: TV VT H B & HiE:
L7z K (fig. 8a) [TIZACPB /M & & b IZ2HiH o i
THEN7ZAcPBEMEOHME I REN TS, £72, fig. 8b
IR/ E TV IR D B AcPBtED/NNIO KR E
S, 2MMHEOBHEONERLEF U TH D, 2O B
BEROKRE S HWICHKT, T (MTIXAL KL K
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TIIB& il AR CTIEB/MELIER), 45 IEawY <, &
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RS L7z, L L, JR & FRO/NMIReB/MNLICET 5
FLHRA eV, AcPIZIF R ER DS A L72BERTH D, AcPy
PN BN TH D I (BN IR 2SR
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F A7 T A FHOU R IRIZ2HE O R (NGla&d NG2) 2%
AT BT ERR LTz, AR EB/MuIZZhEN2EHO
BROLELLPITHLE T 200 Lk, AcPlti/hi
E2HHOBR O EL S5 0—HTh o L EbINL,
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Moller & Philpott (1973b)™ i3 Ifil % P9 12 #E A L 72
[7x)F v EWETHERN L F D 4 —¥ HRP)] A5k
I AAEF 2L EELTWS, LAL, 5OHRP
BT 2 EBRICIIMEN D 5. 1S IZARPO M
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ENENEISRP SBRWAXZEE LTna. L L,
FHRERABHNREDO RV F 5 —8 PO) HL TS0
il LT vy, F 7z, HRPO BUGHT SN K EPO % B
EF LU AT 5> T vy, HRPOKH R TIENE PO
HHRP & [ Bk SUBEW DT T %0 S IZHRPA/IME
Wi sz e LTI (fig 6) ISR L7z Mg e 20
FEAMN B RO % 7% R AR H % o it fil ¢l
B E N EE DO ICBROHEOMER D ), Bt
B E Z OMEEE OB IS S NG, E72, MO
ELBICWENRTB Y, WO BT & 4 8 h Bk
B % 733 R T- 25380 5N b o O o iR 2 35
VT B B VEERALE, R T OB ARSI (B RUER T 13
g3) WM T L EEZOND, TOLEDIE LTI,
DI DBy A 812 B 2 B PE R T b g-3% % 5. Moller
& Philpott (1973b)" D fig. 613 RTEPOD [FELR % 2 L
TWwWabEEZHN, FHERIC X 2HRPOELY A AR REIX
FREDLETH S,
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Hilton (1943)"284f BRIl Bl (7 A —Nih) % Blge
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AR R BIEE L2 LT & 230D 5, Silva 5 (1995)”
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Watd 272012, B. platae® I\ 72w D0 0iRER% LT
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PRI R WAIRAE E 52 THH ERLL, RS0
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(1973a, 1973b) "2 X » CThtib S M7z NEMILTH 2 & L
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FRA7 T FAHOIFHEROF LRI T 2 WG D
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HHERAVETE L 7RI 2 S L7 LR S 0D (FrhEk
PARBEIZIRM T A 2 EEEEH 2 Tw i v), Moller &
Philpott (1973by™IZ 1M MICHEA Sz 7 =) F ~ L HRP
DIFHERICE Y AT NS E LTWwb, Moller & Philpott
(1973b)”® & » E#i1Rahr (1981a)”, Zhang® (1992)",

Ruppert (1997)”3 X U*Monahan-Earley & (2013)*\Z 4t
KB SN TE . LA L, §TICELLA L) ICHRP
DY 5AAIZEED Lo Hand 2010713 e HyFx2 ¥
T FCO N O N REC R L 22 75 2 B Vibrio
parahaemolyticus?s, W JE PO MEHNOWEZAINLIC X - T
FESND LW Lze T/, MIGERR O PR & 3
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TR O BIRE F5 12 AR IE R D 5 4 v ) — A RRIME L B2
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