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H1e FH UF ERe FE T
9] =7V} FH (Rosenberger and Jones,
1960; Ravindranath, 1977), &3 Axxd
o 3383 54 (Gupta and Suther-
land, 1967; Ratcliffe and Price, 1974;
Ashhurst, 1982; Chain and Anderson,
1982) 2 HAEU A& ol &3 A2 mAF
Z(Jones, 1962; Devauchelle, 1971; Za-
chary and Hoffmann, 1973; Arnold,
1982) o 9slA Ao gtk 7 %
2R AFelv AH, Zd e o & HFY
2l 89 o oA Sz =d, BAE3
d d79 7o AdAERE, 9@ddA,
2884 59 MAEAH WIguhEo]l UM (Gotz
and Boman, 1985). °|% 2 AL
Zo) wat oA el YAINE plasmatocyte
9} granulocyted &M FaEEHo A= AL
2 984 %o (Gupta, 1986), Gupta
(1985) & °l¥ whgo #Ast= FFE HY
¥ F (immunocyte) 2 2 AF3A Tt
Ay 7o #3 Ao M wFE Y] (Pler-
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is rapae crucivora) ¢ R v (Blattella
germanica)® 7% granulocyte$to] HY
ko) #od s (Wago and Kitano, 1985;
Han and Gupta, 1988), =#FZu2](Dro-
sophila melanogaster) 9|4+ plasmato-
cyteZt HEwtgo #AgIn Haud 6k vk
(Rizki and Rizki, 1984). X%, Chang
(1991, 1992) & 5 &H %71 (Euprepo-
cnemis shiraki) & A3d AR A& 4
S F}AF olEA9 FFHA wet plasmato-
cyte9to] T+ plasmatocyte®t granulo-
cyte7t Hevbgo] TFAttn Busidct &
AT SHLUEZY AW AT o &F
of thallA HMEAY BIGo Bodsle HIY
T2 9383 plasmatocyte} granulocyte
ol “z719} HAA"E AdeEtE 71AE )
71 A& d+9 ‘Q@ii olge] e 2 uA
T2H EAE B € AAdEv|F oz #EE
7=
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ok 2] off A ¥7 (Euprepo-
cnemis shirakii Bolivar)E 4384 (25-27
C)ell A Ab&3ted mix( et gy &g AdA7te
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7] stdtEle] Z1RE ddsled A3 @
dx s 2% Aed94(0.45 M sodium
chloride, 30 mM sodi-
um citrate, 26 mM citric acid, 10 mM
EDTA) 7} 9 Sl& slide glasso] =%
Z, A%a Aol ez gEs

0.1 M glucose,

oA SEo|E N o

Ao 2 Wz AFHI EPIE 2.5%
paraformaldehyde-glutaraldehyde (4°C,
phosphate buffer, pH 7.4)7} ol
Eppendorf tubecl4 2000 r.p.m22 10

o A e

F AAEYAIA EarE 2e T 1A
ot A1 (prefixation)dtict, nFE 7

Folglz 4EEY9(4°C, phosphate buffer,
pH 7.4) 22 1083 33 AMAHegen, oo
A 1% 0s04(4°C, phosphate buffer, pH
7.4) 2 1AM &<t F 3% (postfixation) 3t
o 2¥E MEE 5Y gFgdoz £3] A
23 3. ethanol ¥% A+sEoz g434
oo, propylene oxideZ %3l epon-
araldite EF A g o3, 60°C AFH
zZ71A 3641 FEHE AR ¥vEd ¥
THoldle 2¥EAET) (LKB-2088) 2 =9
AHE Aste Fagol FRA2 o-g,
uranyl acetate®} lead citrate® o]ZgA
3t JEOL 100CX-118 F#ArnduAd o=z
80 kVolA #H3t .
FAIEAEO(E BE

A9 ARE 9o Wyoz 4, @53 o}
+, isoamyl acetateZ X @83 critical
point dryerdlA AZAAT. Azd ¥y
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olg]= JFC-1100 ion coater® AF&3le] 20

nm A2 =38 ¥, JSM-840AF FAtA
Adn Aoz 20 kvl BasiA)

Plasmatocytew Wi 3ol e @
EHEVE 94313 e T ¥y
I oUlen, MxEe Av|E Aol <
pm=z et ok (Fig. la, b, d).

YA W33E e plasmatocytes
AdAEr Aol A Fdo] ¥wA #F
HAL, FAAREDE AdeldEe B2E B9
7b H& Hlad v BdE dn i
(Fig. la, b). FHAXER A doA B2 A
Eo] &S wet 4o fAEn Az, Al
xHe d¥7t &3 NELEVE Y3
7 YUH(Fig. la). AEZdE nEZS
ol ZHATA7F FEEHAZ, v 4%
(phagocytic vesicle) E°] 2HAl5o] QU&=
o, 4% yRede oln A23td o]EAR A
2 e FH = HE FEHA gL
2 azgd EAFN £ SAHAAM FAHdE FA
Feo] v AdAdd (Fig. lo).

& 9 plasmatocyter A& 0 A A
A A 27E obdul ez FEAHJD, FHA
AP0 AN e AED Edd 2 Axz
E718 Wi Jdden, AXAE7s a1 Aol
7b A xS AARAA 2L Az #AFACH
o B meoR AXA Fdo A
I dueH, AMxAde AEEE7 §3el
oajA FAE Ao= Holy Ui X5
multivesicular bodyEe°l A= Ut
(Fig. 1d). AM¥&713e %433 plasmato-
cyteBth o doEo] glded, Axd A9
of 2x fleB$o] EAtn dheH, &
2AY HLazxg 9 X Eo #|FAHUZ,
ok A E ol vlHhdo] aAHo 9l
A} (Fig. le).

Granulocyte 12 27°] < 10-12 ym=
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Fig. 1. Plasmatocytes. a: Transmission electron micrograph of a plasmatocyte showing concentric nucleus (N). Bar
indicates 2 um. Inset: Phase contrast micrograph of a plasmatocyte (PL) in a whole blood mount. b: Scanning electron
micrograph of a plasmatocyte showing spindle-shaped. Bar indicates 2 pym. c: Part of a plasmatocyte containing
phagocytic vesicle (PV) filled with digested material. G: Golgi complex, Arrows: lysosome. Bar indicates 0.5 ym. d: A
polymorphic plasmatocyte with numerous cytoplasmic processes (CP) showing nucleus (N}, phagocytic vesicle (PV) and
multivesicular body (MB). Bar indicates 2 um. Inset: Phase contrast micrograph of a polymorphic plasmatocyte. The
peripheral cytoplasm of this cell is extended in the cytoplasmic processes. e: High magnification electron micrograph
of a polymorphic plasmatocyte. The microtubules (arrows) are located at the periphery of their nuclear membrane. L:
lysosome, M: mitochondria. Bar indicates 0.5 ym.
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WEE 7o deot dF WFFE e

dEHPeH, FAAAAT BN AME &

We FFo| M £HEEI RS sta 9l &

Az, AEF Fdol E2Astn de HS 4

o g wxn At (Fig. 2a, b). AExA sHdenFEre d7e 9y A F Y
= =77 < 0.2-0.3 um FAEY AAdxe o Fgd nAdpxA zteld f#@iA prohe-
7} etm FAZ APEe] EAstn A, mocyte, plasmatocyte, granulocyte T,
olge Axd Hde HAA abAEo]l U granulocyte II, spherulocyte, oenocy
wak, dA wxEe] s 2ULEA G EA toid® TFE=E o ¢t+d (Chang et al., 19
A Sol A whdrlo] glgen, FAAL A 90), °EF H+F FAAM plasmatocyte,
Ao M 2E MA"E e FAGSol EAEn  granulocyte I, granulocyte 117F HRbS
Adth(Fig. 2¢). AEe fgzavzn AAZ o ¥zt oz HE ‘W 9k (Chang

o FE REolE o mh Bt Yoz

ol o] Eeidtn ded, olse AxH

A ArEle] Rejx wdad ohEE #dsta
gk, mAlAg ohte oF 30-407F F =9

v Ao R s AL, ulAidEe] A
AL % 20 nm =2 #FHJR(Fig.
2d).

Granulocyte 115 @8 £ @339
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A7l zta AL (Fig. 3a), w533 &7
AAol H: 25 pme AVIZ2 #EEHAL
(Fig. 3c), #& AEFE Fdd Hxstx
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(Fig. 8b). A ZzAdE =77 <F 0.5-0.8
pme #YPFo] AxAe] RS AL
A=,

ABPEo e giE 73 F
g AAYEs A9 pEed 232 AYA
A A, HE271%E granulocyte |
Bl oy d wdd dez aEEda, 8
Aol e BHE Atold wEFZE=eotEol
A go] gllen, FARAG AE §= EA
sl e Aol #AHUG (Fig. 3a, o).
ol Ze AIAE FHstd WHFr] WIH
Fo] A7z EAE X 19 b

et al., 1991).

Plasmatocyted %o &3 AFeM
Raina (1976) & &4 # (Pectinophora gos-
sypiella)9l plasmatocyte® WFE 7 AL
A E7E Zan e dde g2 FE&ES
i, Gupta(1985)= th& 3 (polymorph-
ic)& st 2+ plasmatocyted] ¥&F A
1 41 & 7] (micropapillae), ¥ (filopodia)
Ty EiEd A E2H &7 (irregular pro-
cess) & zta vk Haskglch

B AEey g7 AYA XM £3}
Ho] dadzg AY wEyHe ez =
plasmatocytets 539
on, ol% dF FdM MEA E7|E
Z U B39 plasmatocytes %
plasmatocyte’t €dZE Fste A7 F
ATl Fulo Be AEAEE A 32
2 Azteed, Cartersd Green(1987) ¢ ¢
8% Tipula paludosa f%°lA 4339
plasmatocyte®}t otul¥ld plasmatocytes
ool A% Watdcin AFg Bk AU

Plasmatocyted vlA 723 54L& dvkA
o8 % YHEn nEZcgol, ZHAEA
59 MEa7)Eo] A weEo| gitH{Beeman
et al., 1983, Han, 1989). Brehelin &
(1978) 2 =3l 5 9&FFel &FAA pla-
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AAA dm o' FHAE HEEe s
FeEttn Bnd v len, Gupta(1985)+=
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Fig. 2. Granulocytes 1. a: Granulocyte 1 with lobed nucleus (N), small granules, rough endoplasmic reticulum,
mitochondria and vesicule. Granules are 0.2-0.3 pym in average diameter. Bar indicates 2 um. Inset: Phase contrast
micrograph of a granulocyte I. b: Scanning electron micrograph of a granulocyte I showing irregular surface. Bar
indicates 2 ym. c: High magnification electron micrograph of a granulocyte I. Note the presence of long curved rough
endoplasmic reticulum (RER) and Golgi complex (G). Bar indicates 0.5 pm. d: Part of a granulocyte 1. The marginal
bundles of microtubules {arrows) appear to encircle the cell and are suggestive of a cytoskeletal function. Bar indicates 1
pm. Inset: Marginal bundles of microtubules about 20 nm in diameter are loosely assembled in close proximity to the
plasma membrane of the granulocyte I. GR: granule. Bar indicates 0.25 ym.



410 Korean J. Zool. Vol. 35, No. 4

B C

Fig. 3. Granulocytes II. a: Granulocyte Il with eccentric nucleus (N) and conspicuously granular cytoplasm. Granules
(GR) are 0.5-0.8 ym in diameter and occupy much of the cytoplasm. Bar indicates 2 um. Inset: Phase contrast
micrograph of a granulocyte 1l in a whole blood mount showing numerous phase light and phase dark surface. b:
Scanning electron micrograph of a granulocyte Il showing oval-shaped nodulose surface. Bar indicates 2 pym. c:
Transmission electron micrograph of a spindle-shaped granulocyte Il. N: nucleus. Bar indicates 2 pym. Inset: Phase
contrast micrograph of a granulocyte Il in a whole blood mount.

Table 1. Morphological characteristics of Euprepocnemis shirakii immunocytes.

Immunocyte Cell shape Cell Granule Other
type size (um) size (um) charateristics
Plasmatocyte Spindle or polymorphic 7-14 Spreads out and forms
cytoplasmic process
Granulocyte | Spherical 10-12 0.2-0.3 Well-developed marginal
bundles of microtubules
Granulocyte 1l Oval or spindle 11-25 0.5-0.8 Cytoplasm packed with

large granules

HEel EMdoz AEAe) ZUAEAY 2 B o vt AFEC] FAPH UL, ol F
gxlo] dx, FAAY iz EAFtn  WHdE 2azxgEo AAH JYdon, 5
Bastgdot, 2 H¥AM plasmatocyted Al A X Eo] FHEHo FHE AR Hole
¥ & Brehelin $(1978)¢] BEx% ul9} 2 multivesicular body7F & #EH T}
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Granulocytery A EXAd %e 3¢ (gr-
anule) & %3 $led, Hagopian(1971)&
vt# oA melanosomed ¥]£3 FTZRE 7}A|
o e HAYPL Fdo] FA4E EH9 melan-
izationd| A= oy FE3gon, Hu
W (Galleria mellonella) 2] granulocyteo]A
2730l 0.2 ym FxQ FHE vidizy H
3 TR YA don, Ao dAgde
TASH gz Bad" v Aok (Neu-wirth,
1973). E3, Schmit 5(1977) & wHijtoly
2AHIEAN A F AHEY A& RAHE
stedl, ©]x-2 polyphenol oxi-dased %&
I BAE & Aolgkn Baky

2 A¥9A granulocyte I# granulo-
cyte 9l 2717 242 0.2-0.3 um ¢} 0.
5-0.8 ume FHYEo EAsz glod,
Shoura(1986) 7} =7 (Argas arboreus)
dFdA B AP go] AP} FF
T FEXER FAEHY da, olE9 75 o
A Chang §(1991)< 3yeo] Es=dEA
Azt 8o FAZTT Ho 3 ouk gley, 3
Hel A& oid Ay sty A3 ¥y
ofe} grtm AlmETH

Baerwald$® Boush(1970)% ©]Z@nutH
(Periplaneta americana)® granulocyte
AN HEFES Fadd e vHdL#@ &
AME Bl Aol EAZIR de AE Hg &9
89 1, Hagopian(1971)2 utd (Leuco-
phaea maderae)® granulocytedld A ¥
9 spgateld s AEE Zan dn ®Bast
Ao, Chiang $(1988)2 Hul#| (Blatt-
ella germanica)°l &% AFAA gran-
ulocyte® AMETA FH wlAig ohd (mi-
crotubule bundles)< ztx AT H15H
th. £ d¥dAM granulocyte Il EAsn
Ae PALTE AXE gateio A wiA L
g ¥Adstn slied, Chiang % (1988)
o] Hm3l ute} o] MFeo AT ZAd
A A EI olEY 7T e HF9
P M FE2E (Baerwald and Boush,
1970), #3¥ A (Han and Gupta, 1988),

Chang et al. —Ultrastructure of Immunocytes of Grasshopper 411

el A (Akai and Sa-to, 1976) 2 A
Y EARA ¢ EAS4F (Hagopian, 1971;
Raina, 1976) %o #ddttn Bud H 3l
=, ¥ A3A granulocyte Iowt &3}
I e vAAT ohde dEduty AHg &
Aol EAzta e A2 Hol MFEel meks
EHFA | #A3 = Aoz F2HY, WY 7
ol #dste AE FAHA @ik
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Ultrastructure of the Immunocytes of Grasshopper,
Euprepocnemis shirakii Bolivar (Orthoptera: Locustidae)
Byung Soo Chang, Myung Jin Moon, *Sung Sik Han, and Sung Moon Yoe (Department of
Biology, Dankook University, Cheonan 330-714, Korea; *Department of Agricultural Biology,
Korea University, Seoul 136-701, Korea)

Morphological and ultrastructural characteristics of immunocytes from the grasshopper,
Euprepocnemis shirakii Bolivar were described using phase contrast microscopy, scanning and
transmission electron microscopy. The immunocytes are of three types :plasmatocytes,
granulocytes | and granulocytes . The plasmatocytes are spindle-shaped and polymorphic cells
which show numerous cytoplasmic porcesses on the cell surface and they have lysosomes and
vesicles that may be involved in phagocytic function. Especially, muitivesicular bodies are observed
in the polymorphic cells. The granulocytes 1 are spherical-shaped cells. They are characterized by a
number of electron dense granules measuring 0.2-0.3 ym in average diameter and marginal
microtubular bundles which are always in close proximity to the cell membrane. The granulocytes
I are oval and spindle-shaped cells. They contain large electron dense granules measuring 0.5-0.8
pm in average diameter. Their cytoplasm is filled with numerous granules.



