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ABSTRACT

Hemocytes of the spider Araneus ventricosus were investigated with histochemistry, density analysis of
percoll gradient, and fine structural examinations using transmission electron microscope. The hemocytes of
this spider were classified into two major groups: granulocytes and non-granulocytes. The granular hemocytes
were subdivided into three subtypes according to their histochemical properties which are eosinophilic
granulocytes (EGs), basophilic granulocytes (BGs) and cyanocytes. The EGs, which have small granules within
the cytoplasm comprise about 5% of the total hemocytes. However the granules of BGs are larger than those of
EGs. The cyanocytes were characterized to contain hemocyanin granules in their cytoplasm. On the other hand,
the non-granulocytes were divided into three subtypes: hyaline leucocytes, oenocytoids, and molting hemo-
cytes. The hyaline leucocytes are the most abundant and the smallest hemocyte type in this spider. The
oenocytoids that have 10~ 15 pm in diameter are mostly found at the marginal region of the myocardium in
the heart tube. The molting hemocytes, which only appeared during the molting period, contains plenty of

glycogen particles in their cytoplasm.
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£ A5y, 75 FHIET APEF, @7
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2o =238 ZF methanol2 14 3}32 Wright-Giemsa
2 GAsle) 7 MM et 7 f8E 78
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1965)8} 1% 0sO, (4°C, 0.1 M phosphate buffer, pH
74H2 A 9 FuAsgd. 2] B Az 4F
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per gridel] ¥-2A)7] ©}2, uranyl acetate$} lead citrate
2 o]& 9AMsle] JEOL 100 CX-113 (Japan) 534 2}
o7 oz 80kVelA AT

oo

0L

1. Percolle| Y =1ujE o|8st g7 &

W79 f9g et AN B A2D A
=g ulg] Az3 60% percoll gradientE E3] U4l
F2ig Az, el oA mF 34 W=r)
HA= o (Fig. 1A). —'?"a]ﬂ fg:l"“ﬂ_‘_:i—“i—ﬂ percoll
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Giemsa G S AT H3h, 43 U 423 3
saAs) B4 PAEe oE FR) F= BB
A gsiT B F20A 80~90%2 AP P T2
10~20%2] F2Hd77} A&AFom (Fig. IB), 8}
Z M 70~80%2] FAHG T 20~25%9] FH]
a2z g3 A7l B S e 5~10%8] &
837 =l U (Fig. 1C, D).
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Fig. 1. Separation of hemocytes using percoll gradient. A:
After centrifugation hemolymph and 60% percoll gra-
dients mixture resulted in 3 bands. (upper; 1, middle; 2
base layers; 3). B: In the middle band, 80~90% gra-
nulocytes (GR) in total hemocyte counts group have
observed. C: In the base band, 70 ~80% Hyaline leu-
cocytes (HY) in total hemocyte counts group have
observed. D: In the base band, about 5~ 10% molting
hemocytes (MH) have observed. All scale bars indicate
10 pm.
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AtgtAn el 7= AEAy e E4 f5E
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philic granulocytes)?} 97]3A1 %8 (basophilic
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=3 F-(oenocytoids), 18] T "I A]7] Tt &=
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Table 1. Histochemical properties of various hemocytes during
the molting period of the spider Araneus ventricosus

EGs BGs CYs HLs OEs MHs

Deep
Wright-Giemsa Red Blue purple Clear —  Clear
or black
Periodic acid
Schiff (PAS) + - L
Sudan black B - - - - - -

EGs: eosinophilic granulocytes, BGs: basophilic granulocytes, CYs:
cyanocytes, HLs: hyaline leucocytes, MHs: molting hemocytes, —:
negative or no reaction, +: weak positive, ++: moderate positive, +++:
strong positive reaction

1) =3 ¥ (Granulocytes)

AbzA ARG AA 7Y o 5~10%F AA
e, 78 = dygoz AL of 10~16um A
=2 #FFE P2 PFoz A9AA 9 HE
2 Ao AAE) e APEL 2] 0.2~03um
¢l BlwA A8 FIIHPER Wright-Giemsa G4
o) Aoz FlslA AASE AR H2e
A AkEA AHETE 97134 AHETe] Al
vjs) Aoz AL =st whom Az e
f2 grgo] AEe] lgo] FEFNS (Fig. 24,
B).

97154 AFE7E AA 79 o 15~20%F
2R T, A2 5" AR Ao ARZA
= Foll vls] o3 o], Wright-Giemsa 94l 3+
Aoz s GAENT d7|sAd AP A
A7 B W3, v ey oz FEFH-
o), ikFge] A4 Ao Zo|x FHI 25umel| &3
o, Y& 33 w= gllg oz Az Faodl X3}
Ao} (Fig. 2C, D). AlzAde 818 =+ 34y 3
HEo] AAlE e e, 93¥AE ot WA 2AHE
o s PR cheFst =719 AxER FAHYH
(Fig. 2E, F). €} g2 A% A&2] Zeol= o 12
um= 2T A 2d Aol A" 0.7~ 1.5um
=719 choFgt AAUEE A HYPEe] HAFHH
(Fig. 2G). =3} 53] &A|7)& AFste] A2 A
AMEst HAE] RolA= Ae=w JEEH (Fig
2H).

A 79 0.5% vtz £ LT

F2 JeolA|ut, 71 EAR Rojor s HAEd
o} (Fig. 3A). M| ZA-2 Wright-Giemsa G0 A& v
gl oz g FAE vede o8 Z7|e
@E, Aol 2 12, 24umE £FETF F oM 2
H7l Aoz FlFsint AzAel= HEA7)He]
o] mlofallw, Tefdt 3719 4Lz EI Yk
HmAjold AAA o] g o] R 9lFo] FUH
St} (Fig. 3B). ol 52 ot ddelA e} shefr}
iz g9d Pz RS oM, Hd DM
Z73o] ¢k 150nmelal FH 7} ¢F 80 nmel) 3l &
A%e) A7z B2 (Fig. 3C. D).

2) 2283 (Non-granulocytes)
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T2 W2 Azl FokRe] A3 o] HA A
o] Bg AR Aez MEA W3t e v
Eo] 2 5AS A UL A ZAeE Fo] &
79 HA ARl T A dobr Fetn| 3}
oA AlzAe] A {FE L AR AL o]
45 vl 2] A MzA Ade] AX =9
LA 9} fr] il AFHe Qi) FUHY
ALe) AAEE det SAdes W mAe
Z (marginal microtubules) = 2= 2]} (Fig. 3E, F).

A=+ PzZoM A 79 1% vtz
F235 25k 7o) Al (heart tube) W7Fl A= oF
70%9] vlE&2 231 glSo] HEFNUS U=
A=z AAe] 10~15umz AN, HF 5
um =719) el Fpuelx BRI Bz
Hof|= o]2 A (heterochromatin)o] =k wie}
Fx=o] s, & idd qlol FAFYA A&
A dE MEzAde fel 2EFe] Ao
U, AR nEZ=e]ole} ZHAXA Fo] T
=gk (Fig. 3G, H).
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EAMor 3 Ay 73 d7=2A #42 o
2 g37e vsd Z27] Sum)elA|uh A=) A AL
I5~18 umel] Hah= 3o Mzie] &AHAUH
(Fig. 4A, B). Zstgv] sl M M =2AL Y314 &
A= G, v S o438 vA TR HFeA
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Fig. 2. A-B: Electron micrographs of eosinophilic granulocytes (EG) in the spider A. ventricosus. Most of the eosinophilic
granulocytes have numerous small granules approximately 0.3 um in diameter. Nucleus of each eosinophilic granulocyte
appeared at the eccentric region of cytoplasm. C-D: The basophilic granulocytes (BG) have large granules with high electron
densities approximately 0.5~ 1.5 um in diameter. They have well developed Golgi complexes and cytoplasmic projections.
E-F: Some of the circulating basophilic granulocytes have granules with diverse electron densities. These hemocytes contain
some of phagocytotic vesicles within the cytoplasm. G-H: During the molting period, the electron density of the granules
within the basophilic granulocytes is changed to a lower state. At the vicinity of the nucleus, well developed rough
endoplasmic reticula are observed. Scale bars indicate 2um (A-E, G) and 1 um (F, H), respectively.
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Fig. 3. A-B: Electron micrographs of the cyanocytes (CY). The cyanocyte contains many hemocyanin crystals and few vacuoles
within the cytoplasm. C-D: High magnification electron micrographs reveal the lattice sub-structure of the hemocyanin
crystals with light and dark areas. E-F: Electron micrographs of the hyaline leucocyte (HL). The nucleus of the hyaline
leucocyte is relatively larger in comparison with its cytoplasm. Microtubules, free ribosomes and well developed rough
endoplasmic reticula are observed in the cytoplasm. G-H: Electron micrographs of the oenocytoid (OE). The oenocytoid
contains cartwheel shaped nucleus and eccentric nucleolus. Each oenocytoid has rough endoplasmic reticulum and
mitochondria within the cytoplasm. Scale bars indicate 2 um (A, B, E-H) and 0.1 um (C, D), respectively.
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Fig. 4. Electron micrographs of the molting hemocytes. A-B, During the molting period, a characteristic molt-related hemocytes
(MH) appeared in the circulating hemolymph. The molting hemocyte has a large volume of cytoplasm with normal sized
nucleus. C-D, Nucleus of the molting hemocyte is located at the central region. In the cytoplasm of the molting hemocyte,
only a few mitochondria can be seen near the nuclear membrane and plasma membrane. E-F, The molting hemocytes which
contain small vacuoles also have free ribosomes, glycogen particles and pinocytotic vesicles along the plasma membrane. G-
H, High magnification electron micrographs reveal mitochondria (M) and microtubules along the plasma membrane. On the
7th day after molting, numerous glycogen particles (GP) are accumulated near the edge of large vacuoles. Scale bars indicate
2 um (A-F), 0.5 um (G-H), respectively.
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dots) QAo F40o) RxY Yye) vj=zee)
sl AW B, ohe ATarIBe) B vl
o} (Fig. 4C, D).

FRe ok e ATl WY} e
Wae] 9 xr} B BAse) glgel B (Fig.
4E, F), A9 @) Qe mlasze H5g
o} (Fig. 4G). @) 879 S D317} Lelupr] of 39
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F3-2] A 23}3}H3 (Fenoglio et al., 1993; Hernandez et
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#FH¥F= 293 (hyaline leucocytes)9} HE=HT
(oenocytoids), L&) 3 Ho|sHAl B At et
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S TR REPEY
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X (phagosome)7} A= glFeo] #A=E, ol
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1% 4 2lgivh(Yakoo et al., 1995; Tojo et al., 2000;
Lowenberger, 2001). At 4] A8 7= x= 383
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o] =] UL, AAERA A oA} Thol
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g Al FHe) AP =r} v 2 ez HaElg]
om, 79 $x GIF 1YRE 7U7A FHAA o
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o] Deevey (1941)= AAE 4AY HE Ay
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£9lo] FHQH ¢} (Anggraeni & Ratcliffe, 1991;
Lowenberger, 2001; Lavine & Strand, 2002). 523}, 2]
715k BB ARSI GobAls Hoz vlFel
guA Aze Fe2e AAHRGE BT Aoz
NEEES

ALY TE 22 BEXo2 njRe] FA9
#5e a3 g7 FAE ge] AR
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=T 48 BTG FARE slEAebd AAA
Aow waizch(Paul, 1992). Aule) ML= 2
AA 7 A9 Felz MEA Lo FHHe] v
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Gupta (1979)= 22| AP TE Hxd 7o) W
2 ez 29 o Y] e BETe YAs
79 gAA AT HHe & o WUR A=}
Qed Zes A7,

oYY dwde 87 43 FALFE 3
A BA WP F oF T0~80%2 AR B v
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e P T2 Bl GA|F ©@
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Zdlgon), &g e A FE FFEY £
Iobx] & sk RelA] sk
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Wagend gogTel WiRge A o=
290 e dos Bay SEETel wHAT
#2= Sherman (1973), Pech & Strand (2000) 5-i| £}3j)
Ry =A83 7 (plasmatocytes) 2t F-ARE BA&
7HA3 gl EelEl g, Deevey (1941)9} Seitz

o g%

(1976) 3= ©9)Al7)o] FAFPT2 AzAde] Aot
2 2zt A7 EA Dl E3hEEt 294
717} B ohA) EEE 72 goky B b ok
A=Y FYPIFR =77 20, F3HAeH
oz e Axae| ozt ¥ Held 5
9] A o] 279 vt AAHA o2 A= 3
ou} drrel A AP oF 1% w|toz &4
3= Aoz dex v (Miditum & Jensen, 1978).
o] 279 75 AFAEE A gon, vt &
S8 FFo)X|RL, in virro AFelA GA L= 9
o TEsly] gz 2o (Gupta, 1979). A
SN AP WP £ NI &
S FolA 23} fARH AA F 1% w)ue 2HA]
stz KA Ay W 22l 2838 o)
WA Fe] gleb= el B3 (Choi & Moon, 2003)
o] = o2 o] & Hoz FAEM, o4
3w AL BAjo] Hed oz Amdd.
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