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ABSTRACT

Fine structure of the cutaneous pigments in the black widow spider, Latrodectus
mactans are studied with light and electron microscopes. The cutaneous pigments are only
observed in epidermal layer just beneath the cuticle. These pigments are compactly
distributed around the spinnerets which located at caudal area of the abdomen. According
to the fine structural characteristics of the pigment granules, two main types of guanine
pigment granules-carotenoid vesicles and reflecting platelets - are observed in the cytoplasm
of the epidermal cells. Morphological features of these pigment granules are characterized
as the electron dense carotenoid vesicles and the electron lucent reflecting platelets.
Marginal electron density of the carotenoid vesicle is different from that of internal
region, whereas the reflecting platelets have laminated crystalline granules. Typical
structures of these pigment granules are very similar to those of invertebrate's chro-
matophores, especially erythrophores and iridophores. Moreover differentiation of these
pigment granules are also originated from the small vesicles of Golgi complexes similarly

to those of cutaneous chromatophores.
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(melanophore), WA A Z (leucophore), F44A)
X (iridophore), B &A% (erythrophore) ¥ 2}
A M) E (xanthophore) 503 ¥ 1 glo}h (Kawaguti
et al., 1965; Denton, 1971; Menter et al., 1978;
Bagnara et al., 1979).

g RAFFES] AP oI AaMEze &
Azl ekow F=2 AIME el FFE Y4
Holu}, Aol 553 F22RE 7|3 Aoz
B3 ek (Holl, 1987). FE|E2 oFolal 9
AL 712 Anle) AW IA = B A
A 5, gkt A JEA T lgel FelEed,
o3t MAx B Aol AA FdsA L= AY,
Az Wt AE veplle At ARG of
A% ALY ZIe F2 AEe iE Al
&3 FE|FY 547 Fx2HE ehdol
ok 2 9JAut (Holl, 1987), WA7|3 Fwe] =
g Fobd FHEe] HHE AdE Faf WiEHE
Aex Q= ez ¥ uHv (Blanke, 1972;
Seitz, 1972, 1978).

v Avle] Ma AA FolM 71 REA o=
ezl ASE Yrin] FFo HHeA HEH
guanocyte2A EFAN ] AF Araneus dia-
dematusol A B 15 3)}c} (Foelix, 1971). Hol& %
3 4% guanined A& F3 FUEE =Fl
guanocyteghs §3 M Zofl 23 o] o] A
Z2F YA, LS dod)e Aoz dEAa
Tt (Seitz, 1972, 1987). o|& AEx F=2 A9
ol & et widEe] gloem, Aol wet M=
o &5 Fobd ZAS] WiMEA ] AHoz Aol
H= 7Aex ¥yy v}l 9lok(Blanke, 1972; Holl,
1987; Seitz, 1987).

Aulel AN dye] Fesle I|H MAAAF TF
H3l7] i3t Ao dsteow o= AH YHHYES
oz AHe] 7z i) RExE vjm ¥
Mgt A, WAE7] FHe A FGiA Feld
Ayl e] Selgt B oFAo] HalEgiet. =IA
2o MzAd #xd AodAge] &4 AF7A
AnjFAM A3 B2y vl glevz B dFoA
t A ol Aande] vAF2E pul&e] Axl
Ao sy, o ojn] RIY WLHIE

a

2o A23Y9 Nw nRAA.
HE o

A gz A 7A-233AR (Latrodectus mac-
tans)e W)= FH Azl A G AF =,
)= oM visty FESFIAAM i ALRFal
& Asd A AE ez sich. FAIA
8E oAtgutaz mFAZ F AnjAdA g4
(160 mM NaCl, 7.5 mM KCI, 4mM CaCly, 1
mM MgCl:, 4 mM NaHCO;, 20 mM glucose, pH
7.4, Groome et al., 1991)% Al&3le] w7
BlellA] mlA] & Rt

AEd 7 w3z 9 B39 dA H4E 0.1 M
cacodylate buffer® 23&A|Zl 2% paraformalde-
hyde$} 2.5% glutaraldehyde &3tedl (4°C, pH 7.4,
Karnovsky, 1965)¢2 2A|7F 2t AnAsln =
o 3gdoz 33 AAIE. olodr 1% OsOs
(4°C, pH 7.4, phosphate buffer)®2 Z3133}%]e
v, oA Td 438N S ALgsle] FR3] AH3E
I, ethanol $EAS MR Dedlds. gt
Ty A8 propylene oxide® X|&3}l1, Epon-
Araldite o2 zwjsigr}.

Zold %22 LKB ultramicrotomeo 2 WA &
&3 A (semithin section)& A|=}sled 1% borax
o *=4al 1% toluidine blueZ hot plate (60°C)~ol
Al Gk ohg, Fee| ez FASGAG, o
Al ZubA ¥ (thin section)& A =Fale] copper grid
off BAAZ & uranyl acetate?} lead citrate®
o] fAsled JEM 100 CX-1I¥ FE}AA 07
(TEM)2o.& 80 kVellA Fastgdct.
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A BEle] Y FA4E w1 glon, By WAE
7] FellME o] T8 L] Eofe] FAF N
o HHoz AAF Awe F2e vFH FE
F23 7 Fo Az oA Ytk FE
FZole AN wda #Hd Aoz FASE 3
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FEE FR7F 4% FEF e,
< Al 9 57E]ZE (exocuticle) & FU3 =2 X
Y F7A$ WFe]F (endocuticle)Zo] FEE
(Figs. 1A, 1B).

ﬁ—q*ﬂi— g Re] 23 ATl dHelz 3
A=A, 9o wel Hgygos wWHPH
E3) FAHAY (Figs. 1C, 1D) ) kg
+ I8 AL nMrxE FdnAon I

SELLE

(=

19 A, ARl A% s 7E2 ok 9
A8 3BT B, AR e

15 V‘i“ ohege] Madg el AF
Hoz —v—EEM et (Figs. 1E, 1F). °]& A&
HHo 2z A E7]9) oA RBME AdHS
u}e} %-LW]E% Wie] FAsA BxHel gl
(Figs. 1G, 1H).

A2 E TR oz H2 dute) g9
ol Algh F3 mi efd¥elx, A AU}
& Holw], aAup F9fe) oA P e] A
ZF x5 U FEEETE] ARl 9%
Aake] Ak gglo] WAFHAT, 7HHel M
A7 FAS A AzEaT)HE At
o] A3 #AH GolgitFA} & FHRoM &
3 EE] 3L, glycogen YAED v|EZ=
of7b Mzl Ao A FUFA TEHA AR
o} (Figs. 2A, 2B).

AL =st & Az Azale] i 7}
2E|xole Ang F{T 7tEExol= AT (caro
tenoid vesicle)® o] AAYFRE AWl WAL
(reflecting platelet)o] XA A gt
o] AMAaNFe FRHHE FEF FRE] v
Asx 3 3}7'%5]7‘]“} Ee] As Y A%
Hell £ e A7t didelge. o F9]
o] MEzAddA e *ﬂ—x—-‘*]""d-J FrHlzrt vwd o
I AL He] 2 g He Qe W, &R
7 Aaggle] 2xEEr FoliA AlxAl
Rl MaAgEz AP A= (Figs. 2C,
2D).

Az e ¥ 2IME 71A R AL W

AEEE 53 FrE Ha 471EAe] AxAe ¥

- ©
e

53] EAste =W £2AY f] JRER "’ﬂ

2 AZA e B IEEY e X EEAE
3l 2& BuldozEyn AY e Mi F3 o °]—r
oA e Aoz {AFNG. Madgde #AU=
Golgi cisternaezHE] "oz 1} A %9 ojntog
el AA BlEo]X ™, Golgi vesicle?] g3l 23
#59) =7)7 S7ste d4= FAFUS (Fig.
34).

CRRELE 1 d sl B3he A
of BEET 79 Adeza, FY) Agwe) o)

<

2 o ﬁ7191 Jr"dtol BAHGS. TR E] o]
= HYe v 541 249 T2} A=
mebM ohekat FelA ot A=, A
=7 w2 34 =30 2F A3 F99 AAd
=rh iRRT 22 A3 FYEe] FIAZ Wl
A BAbEe] RS s AR Hd A
2 oF 2pumel] FeholE, THE FFe Al v
Sl AAbd st vlamg gohor, AFe] siakae]et
TAYE AAd=r} fds] 7RH A (Figs. 3B,
30).

b AR o) e
, AN gy 72 ot
AL 72 gled, *Eiﬂr%—ﬂ Ch
uhet oheak Pelsh FAEAS. ks
purine AAA 2 o]FolH Yx AHE& d
WAL Holw] R 97} ARl A, Hi
Hoz BHT M= E3) ALHAS 2A 2t
A% Zeole o 5~10um A== Helr} Alslge

ARA Wl E o F2EE FEEHA|

%sket (Fig. 3D).
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A A FFR Aoz dAA AT, AR
o AAE BEel HAA e T Gekn FR
7 geHT Q. AvFE 253 shKe
F2 Age) F98 Ao 94%%}714 Aoz =
% Faesd dshie, 1 24 =% ALE
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B3 AE BedT i eAE feldte 59 5§
el 71%5-¢ 4ok Sk (Holl, 1987).

A w7 AHG WLeAFEEY A, AR
249 F5E 2 Fol@ AL EE] 3|
22 £, e} Aol e o
v AzHzoL steExdest F42
(lipophore)3} ®)2) ¥ (pteridine) o] FA &4l
(pterinophore)o] 24#x AT, AlA =2z FY
AZ el F AFe Mavlt FEIHT U A7
gong s Asfe] wel 342 E (xantho
phore) 2} A *“_’}:*ﬂi(erythrophore)i o] Rz
3 9)v} (Bagnara and Hadley,, 1973).

wal 1;}]3:]_,] purine AR A o] vlALAsho] A 4T
Yoz o9 Z &M Z (iridophore) 2 (Taylor,
1966, Ide and Hama,  1972; Rohrlich and Porter,
1972), 43¢ WA (leucosome) & 742l o) F
9 ““*“iﬂ]i(leucophore) (Fries, 1958; Denton,
1971) & AHH ] F4%el Fobd (guanine) ol
7] m}]—r—fﬂl 3-7'?5}03] guanophorei 27l 3o
1965;. Setoguti, 1967; Menter et al.,

LS RS

(Kawaguti,
1978).

Aol gHd Mo JAs
=4, 23fel A4, dEe ra

1 9let, Avige] A ommochromes
2831 purine’ §-%A ¢l guanine®to] A2 o

bilins,

I e Aoz #HdET o (Seitz, 1972;
Holl, 1987). &4A19 #A& Hal= 3=

wHayg '?7‘5]%-4 %ﬂ"‘%ﬂ FE2RE 7 °1'5]'”4
o B/ AR dode AEE Axn 9\1“
7%= 3]} (Culter and Richards, 1972).

AeHRrn g AHe v|Fd FelE5 & F
o] mIMZR o]FoA gIgla, FEIESE AA
Py HHY Aoz FAFHE 23 FEE 7=
7F 4y FEFgIc AT WSS A 9 E
Z (exocuticle) 23 F43 Y=g Xd HFEF
(endocuticle)&e] FEHE= AFo 2 v]Fo] 23
HATL] BRAX RAHE T FEHEA FA=
2IM 2 34 MAode HxR it FEF
o) TR RE 7|dsh: HAor FA50

7nle] =R AL FEF ol mIME
AT FhHe AN, BIHEZAE Fl2E|xcl=
Aes Aas PR FheExcls AjT B
ATz AW e 5, 5 7Y Hady
HEo] HAEFHY. olHF % = "EH%—% CEE
Ho FFel et Alx 2R} T 5
o A AA ws) 33 V# A Aoz

A, AaT=e] Frelt WhE Folrt 9
ol dH st
Szexols AL e 279 Axdge) ]

3 AALwst vjwA Eghow,
xﬁl—‘?—ﬂ AAL =7t F43

TE] A% AZ el 2F4E VepllE 43
—4 3 A4S VA 4 Wy o
a8A 3, A FHAHL AAA dF"
v gl2)gk, W39 carotenoid MiE $93] Rz
FE|e Fgol 9E3T 9ol dEA st (Byers
and Porter, 1976, 1977).

H2HFF 2 ML Z L Fl2E| kol 7
37} 7 pterinosomeolels AATYo] EA)sle
9, Yasutomi®} Hama (1971, 1972)% A-8Ake] Wf
HIZE A= A 13, A" SALA lamella
25 7Hx A 3%, 283 F2b Feol A 23e
O wg 9AE 23 vl vl Bagnara &
(1979)% pterinosome® o2 A AHE} wpzls}
2z 3o gdte] WA A7) AXZHE FIE
o3 ey, BoldtA Ar|e I AN EAME
pterinosome®] #el¥#] 93k

Tn) ok 72 Bombina orientaliss Ao 2 &
gAY Aol ozl Ao} AL Wl 9
RoA TIHE Wl FlzElxol= AT pteri-
nosome?} T AAzpge] EgEo] EAg o] %ﬂ?‘%
U, AL ZAME 7tRE] ] = A7 o],
2l31 A AN T M pterinosome©) ’2}“]123.9_1
2 B2xUxE X gz B3 (Moon ef al.,
1986, 1987)E%d.out, Awle] A ‘”“ﬂ‘:‘-ﬂ"“/‘i“
7tz e xole HAF o] HRALAR A EEFH 3l
%131, pterinosome= A& FlH7A] ok Ho= 7|
Fol HFFE e YLy wadsh Aelgt A

2 FA.

ft -IJ



Moon MJ : Cutaneous Pigments in the Black Widow Spider 507

g, FHE A TLE B By it
Awje] AL ojet dASHA widD AAAS] 7=
2 vehts, ZAA S YR ME Aud F2EE
FAHA Aottt HHFFEY T EAM =
s dEe] MAIgel dhrbade] FAFE,
purine ZAHAZE o] Foz |83 AAF2E F=E
Wg AA|A Tyndal AFRFEAE dods Floz
o2l 9} (Taylor, 1966; Ide and Hama, 1972;
Rohrlich and Porter, 1972; Taylor and Bagnara,
1972).

Aule] A, Ag¥oz FHE upe odAT, #
g ot ebds fA3 Aadelet, AAA
Rl we} v)wA w27 AP Fe A AAws)
I #4553 rtedez AgHe A AN

Witz TR 53] A Az Az
&3 A2EAE o]FAZIAU, MATHAHEY
2ok WA oz vehtrd, E o ¥
o] Aoz FHEHE oz U3 Ut A
w2l A w3 F2 BFzz o, wHelel 22
WA gl o5 WAshed, B Ao A" A
2R AN ] A= ARAZEE] AA We s} A
Agt Zloeg ¥ rd v} glo} (Maretic, 1965).
GRS 7]% 2 FAAARA A A FeRA
AL TAZ & 329 DA el Zilm
e AAAR, F2 EALME] MAHRFC

melanosome?] Al T3 o)) A]
A el AFAZE FASFA2RE JdHe
Z7} (Seiji and Fitzpatrick, 1961; Seiji et al.,
1963) 3} A A9} FAERFA o §fel o3t =
& (Turner et al., 1975; Turner and Taylor, 1977)
oz 4EHIT UH.

Aule] A4 YL v §RE Fi F4d
AN A71Ede] moM =z FAEPAE F8 ¥
A= 3, BAanFe] AR Golgi cisternae® 5
Bl 7]¥ge] #AFHGEH, Bagnara 5 (1979)2
pterinosome® & MAAYHEI PRI E =9
4%A (rough ER)eIA A" 32| e FA|
SHA 7199 axEo] PPz whERTHT
s} en, Menter $(1978)& iAo} A 2ts}
I e ZlEEkes AL FFIT, oHE Ai

U3l ulhell s,

¢

SHR3e ge) WA gk Tleelno=
cEA 23 S A u Qe

AH=

z B

AR AR Hefdhe 7 Y4t
A miAFEE A5 g A Aoz BRI
o vl ¥R AoARL FEZ ol AT =
A ZA M7 FARHL T, 53] H5e) WHEY] F

Fol] WEH o] gl mIM =] Mzl i
g AaA]E I AT B w243
A, 7tzE|xel= #A|F} uhAtawe) ¥ FHE

FEHAUG. HSHFFEL A A g Ee, o
£ AaAgHE FUAE el EIH 2] &
A=A,

Fl2E]xol= AR AL EE vkAlhdel] v&)
vlZd gokx, 53] Ay FHRY AE=st F
NRe) Rz Bds o oy
Agdet, Bk AR =) g2
F2E olF3 9lgew, pterincisome?)
o]ﬂx] ol.c}dq;} ,\u/\_‘,].%]_,] z-]a]x—lo] F-F=
F5ESY IF AAzelA Bud A3t AL
Sgon, A4dRe) Liag 94 H33Ee) y
aA zA M ik g2 FA] BZA A fe"
£x2RE A2ty o] FAH o

oX

b Jlm
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lr Hm o
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FIGURE LEGENDS

A~H, Photo micrographs of the cutaneous pigment depositions of the black widow spider,
Latrodectus mactans. The cutaneous pigments are only observed in epidermal cell layer which
located just beneath the cuticle. These pigments are well distributed around the spinnerets of
the abdomen. Arrows indicate distribution of the pigments along the integument of the spider.
En: endocuticle layer, Ep: epidermal layer, Ex: exocuticle layer. All scale bars indicate 5um.
A~D, Electron micrographs of the cutaneous pigments of the black widow spider, Latrodectus
mactans. Pigment granules are accumulated within the cytoplasm of the epidermal cell.
According to the fine structural characteristics of the pigment material, two types of main
pigment granules-carotenoid vesicles (Cv) and reflecting platelets (Rp)-are observed in the
cytoplasm of the epidermal cells. Bf: basal infoldings, Mv: microvilli of the apical surface, Nu:
nucleus. All Scale bars indicate 2 pum.

A~D, Electron micrographs of the cutaneous pigments of the black widow spider, Latrodectus
mactans. Fine structural features of these pigment granules are characterized as the electron
dense carotenoid vesicles (Cv) and the electron lucent reflecting platelets (Rp). Marginal electron
density of the carotenoid vesicle is different from that of internal region, whereas the reflecting
platelets have laminated crystalline granules. These pigment granules are commonly originated
from the small vesicles of Golgi complexes (Go). Arrows indicate glycogen particles accumulated
in the cytoplasm. Mi: mitochondria. Scale bars indicate 0.5pum (C) and 1um (A, B, D)
respectively.
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