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Ultrastructure of the Neuromuscular Junction in the Mantle Edge of the
African Giant Snail, Achatina fulica

Nam-Sub Chang, Jong-Min Han and Sun-Jong Hwang’

Department of Biology, Molkwaon University, Taejon 302-318, Korea
"Department of Anatomy, Chungbuk University Colleage of Medicine, Chongiu 361-763, Korea

After the investigation on the fine structure of the neuromuscular junction inside the
muscle around the mantle edge of the African giant snail (Achatina fulica), the following

results were obtained.

A neuromuscular junction is of the spindly or iurregular shape, and that is a synaptic
cleft of 30 nm between the sarcolemma and synaptic membrane.
Three types of granules, such as round granules of high electron density (diameter 100

nm), middle electron dense granules (diameter 70 nm),

and electron-lucent granules

(diameter 70 nm), are observed inside the synaptic cavity. In the lateral side of a neuronal
synapse, round granules{diameter 0.2 - 0.4 um) of high electron density was found.

Some of the round granules of middle electron density were exocytosis outside the
synaptic membrane, and the consolidation of sarcolemma and synaptic membrane happened.

In the sarcoplasm,

coniractile proteins such as actin and myosin are irregularly

distributed and some cytoplasmic dense bodies are observed among them.
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dAEE gHoife AMAHAM @I dAie
Elo(1938)7F ¥ F (pulmonate) Lymnaea stagnalis2
F32 9 gz AAAS diez ¢ A7t AFRE o

g 9o A7t s HCook, 1966, Mol, 1970; Janse,
1974; Sonetti et al., 1982).
&3] Scharrer(1935)c A AMEE Opisthobranchia?l
M7AEuel A3 AFE TAGO(tannic acid-glutar-
aldehyde-osmium tetraoxide) S2HiL £a) 93l

8t 9lth ojo} Lever(1957)=  719FE(Basommato—
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TdA - B - FHE

phora) Ferrissia shimekiiZ A0 2 Joosse(1964) &=
Wob 2 (Stylommatophora) Lymingea stagnalisE thAk
o8 dhe] AQEMe] T ATV o] FojFH o, 3
2oE Wz g AAEmEA Py
T A4AE d+47r A8 olAHCottrell, 1977
Osbarne, 1977, Osborne and Dockray, 1982, Boer et
o, 1986).

Wendelaar-Bonga(1970)% Lymnaea stagnalis 4173
¢ H(neuronal synapse) o £ #H FHo
o3} A7 ¥ 8] Al Zineurosecretory cel)E 107182 e
up 9lo™, Plesch (1977b)= & F¢ ¥ NA4dAL

ez & wATz dydd AFdd e AEE
o G4, g, 27 a7 943 So oF AA
o H(neuromuscular junction)®l £HFE 97HA = U
of ¥Wd d ot

oz AT I A7 7} HRE Fol e
7 594, w1 29 £ 2%

59 H3 de A& E"15’4 AE2AHd
# dAFe e =R AAelth ol B A=
HE&or Mg Sl ohEEst Fdwol(Achating
Julica)E Ao 2 FD 2&5F AFH Fdsn
ZdH Ulfﬂl??ﬁ@r VA Zu A FH
? A8E AR}

r

19983 797 AR 20 AlEFoM dgoes
ol &S e otxF F2Hel(Achating fulica)E
HELAE &7 & A58 Agstgdrt

Aol E 30% ethyl alcohol® vl AL o g 9
Frre] 2R E e 272 Agd F 25%
paraformaldehyde-3% glutaraldehyde® 1A]ZF 30%
Angg 3tm, oA 0s0:2 247 Fn4L 3%
ot 1Ae] ¥y A=+ 0.2 M phosphate buffer(pH
732 33 HAHE &4, ethanol FEFLE A7
T F4HQA wdel 938ke Epon 8128 ¥nE &9
o 60T Hhm @ BoljA 4043 A A

Epon 33& LKB-V ultramicrotomed Apgste] |
um FAL HHHAL 9ED o] methylene blue®
dAgaT F gEv) A FEBE BYUE ¥
g o 2yE#Hg e 2WAEEE uranyl

acetate2}l lead citrateZ o|FFEME F 3 JEM

100CX-II A2 H o] H(BOKVI2 2 #stgidt

gado] Rl Fxd AAAE g4y YEs
e MY 2% Fof BXd yAdAdE A
(branches of visceral ganglion)23%E] 7|d3geH
olEe] ¥ A7IHoR FA A

58], & A¥AME A5H APy & R
(mantle edge)E AT P& EHEFY TEHA L
X8 254 7% F%{motor nerve ending)? A7 Z
=z o

FHoz BFeAt

dFTtel A4d 49z e F2 ARAFYIHAEE
B A sln, I st §e sIq%y FHE
TEAFE] by T2 duch 55 WAMNAR
2R BAE AZAREL UEH SSAE ¢
ZHAF AlelE nEA BEIAEAN olEd A3y
AAH

1. 28 ME(suscle cell)

AERE T3 e THALE vjuy 2 ¥
gAEzA B33 "“*‘éEM & #9% 73 gloith
e 3 £ AR 05 mAEY ddE Hao B
oo olFHMAEe nEA BIF ggon, 4

Fig. 1. A diagrammatic representation of the muscle

cell and muscle fiber are contacted with nerve
terminals of Achating fulica.
1, high electron-dense granuie; 2, middle

electron-dense  granule; 3,  electron-lucent

granule; G, mitochondrial-like granule; M,

mitochondria; Ne, neuropils; T, nerve terminal.
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Achatina fulica S} AATAH ol +2

e oldeN IS 4y oo 2 el v
x o

Tolet w3 Holvlw skt

HNE 50 nm F A N EE aAe o
TEEAM el BE elugo] RarojglE vy,
We F&o 2 90 nm AL o)A AE] B
23

AAFde] Rig TEAFe HEY S 53
Fiperpendicular cristae)ol wE® 7 ElgIge] oE
Frelolsl g& AEEAE 0 nm) 283 REE
ol A d wlgl 1 of9le MEY HoHE FFH4Y
gl el vl el vlAdfe gHET] Y
ok Eg ofE ARG Arelols AEZFEAH AL
(cytoplasmic dense bodyiZel I3 #HEIH7|TE 3%
=i ooled A 60 nm WE 2719} LML £

ZEHEY HEHYFES USR8 3 Ysarcolemma)
ot} 23 A (sarcoplasmic reticulum) B2 F 2 #o
=d ol dgd W #7de 7z 30 nme}

130 nm A x % cHFig. 2
AMH 2 WM (peuromuscular junction) 2
AAY

gutsfo] oJEGe Hid d4dHEe =¥y

b e e R e I B

2

Lo}
S M
nerve ending)®] th¥dt Helz Jd-=Ho 9l

NAZwe] THALY APY ¥UE GRE 27
43 FhE 2 2@, TRARY 4RI A
Y EAE gRE 93 JuE Ha YA I,
BHHY  AAREEY St ARAwEa

(neurotransmitter) =4 AAHE7F w2 24 100 nm
A% A7 F+ Hgd ARzt 5= A"
(27 70 nm), 282 AALET} G2 AHLF(HT

Fig. 2, The muscle cellMC) and nerve terminais(T) are contacted by the synapses between the muscle cells of

the mantie edge. Scale bar= 2 ym
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70 nm) F 3FF/F EAsH dded AAEESA = 2} & A neuropiis}
& AYPEL @e gAger Eddd gl 5HS ordte] §¥xg A49EELS T FA 16 um A
ERHFig. 3. 22y AATTe] FHAR[U F4E 2 7Hg 3 iRE SE4E ¥ S84 ES Yy
719} AFE 43E AAREFEE 0 nm A= FA Azl AAAE Folr viALTY 2E 59 HF
A4 (synaptic cleft) g F3 dd=H Ut 2 2B (neurotubule) ™ EF ¥ e nlEEzglo}l aglm A
Y7 Sels AxgEsE 2@ BAE i, ALE7t 22 A% 100 nmAE 2719 F3 P
o Hi A 971 FE¥esr PAHIR ZAGEAEC] 10 TAHYE U HFig. 7
sd. £ olg C&;S%%oﬂk’: A= 22 3. MAWAME(neuroglial cell)
H(RA 100 nm)# F559 FF(HE 70 nm)T F

z 2 uto] 35 o Eﬂ-ilaagg_,} N EXEES T ARARALE F2 AZEFd 2 (bundle of nerve
HNE o2 Ae Rtk E£d EIAL FuUmo) fiber) $HE PAR AU, G FFo| BE
o AATAE FdddE AFAA B2 mnm oy B U EHIIE e
9= 7 02-04 um A% 278 AAUE} =ol AALE7E ol B Roj= 4 SdlE 2 - 3
wole 9% #AUSol BAHUHFigs 3, 4 ana O NFFMEZCN T FollE UK Y A
5). FE A N Y9k

Fig. 3. Magnification of the Fig. 2. arrow,

granule; arrow-head, electron-lucent granule;

synaptic cleft; asterisk,

nucleus; Ne, neuropils; T, nerve terminal. sc

sarcoplasmic reticulum; G, mitochondrial-like granule; M, mitochondria;

ale bar= 1 um
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high electron-dense granule; open-artow, middle electron-dense

two artow, cytoplasmic dense body; large open arrow,
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Achatina fulica S50 A A SAH o mid+2

Fig. 4. Two axon termimals are contacted by the Fig. 5. Magnification of the Fig. 4. scale bar= 2 jim
synapse between the neuropils (Ne} of the

mantle edge. arrow, nerve terminal; N, ) . “ )
neuropeptidergic 4174 # 8] 4] & (neurosecretory cell) &

nucleus. scale bar= 2 i 5 287 2Asn 922 oln ¥ dAA Y AR

ol ch{Luchtel et al, 1997). £% neuropeptidergic 7%

AL elFRTER R2A X ARl B e o J5e BAT AZEA AEHY BERE

e, 7ol mebMe e W d8d 25g E AA P Hr|dAe AGsE 71EFHA 715 (Viieger,

At 1981)°1 9] neurcpeptide® M43t 715 5 e
AzAe a2 vieksiA 79 & A 342 tt 1 & g vhH(Boer and van Minnen, 1988),

A e, tha ¥ H(multivesicular body)tt Rz 7t Lymnaea stagnalis) 7% neuropeptide T& 23

wobA o5l Bol A7 100 nm 2718] T HH Rgae|a wEo|xu(Fisher ef al, 1988 Heumen

Sl =87 ?_%Q‘}iﬁ(?igs, 6 and 7). and Roubos, 1991), ¥ 7H] neuropeptide geneol

N £ o el neuropeptide® ¥4I (Scheller and

< # MC Allister, 1983, Geraert et of, 1988, 19910 Smit et

al, 1988) 22, ¢ 7Y SAF 7o & & A

AATEe AMAMEE acetylcholine, epinephrine, o} A7 A g2 A (negrotransmitter) & A S} FE=

dopamine, bicamins 22 3 glycined & AF &M He A2y #Holu) DNATTE, peptides] ©EF2

Fulsl B85 $-H(conventional neuron)¥ peptidergic 8 4 whe (Cottrell, 1977; Osborne, 1977; Osborne and
AEzres ddeit Y 2T MIIARNTY Dpocluay, 1982 Boer et al, 1986) FolA Beiz AA
(neurohemal axon terminal)}¥& FIA Fulst: A 2L Fed LNy A2 g8 2R AAAY
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BAL 4 22X §td, MAITIHAAN 3FF i 89 tHBogusch, 1972 Heyer et al., 1973).
o tiE AAAGE Ao wad 2 43E s olE AXY AAL 50 - 100 nm Axolz, AHT
Zoc}, “{synaptic cleft)& 20 nm ¥52 &g v gico
REFEH AAFAE FEHLR ObE 7 sed ¥ AAdqME A£F9 FZo 70 - 100 nm
g 2EAE HAAX 53 AHE ¥ A5 R ol AREL 20 - 30 nmE BHHo A vl
Eld ¥lal neuropeptidergic 7% ot X ARg 2ech a8y NF A "7t Helisoma
el dafste] MAZEZE 52 BHl3le 548 Y duryi®) 9% %{mantle edge}2 ZARZ ¥ Saleuddin
Ehdtha 3 cH{Wendelaar-Bonga, 1970). 7} Dillaman(1976)¢] d-telAe Ao & d¥d]
gaiojgolr] Z&AEge] AHAFL ol HHF AV Bgdgez #Ad o o dddels fu2
(Pulmonate)?l Al ZHA 472 ¥ U™ (Nicaise g ¥ Ao 4Fd £t S HeE AFHo

and Amsellem, 1983), ¥ d7AMR 439 M e Hg 195, 53] Z5AEY 459 K
(Achatina fulica) 91%% & 24 T&AXd Fx3 el = AX2] HlE ¥ Hexocytosis) = TETO,
AZALZLE 2 defof W T3 FHY FTH Roubos 5(1981)7% Schmidt® Roubos(1989) %5°l

..»..«

2 Azld] $3& Fn BEIEY. Lymnaea stagnalis® 273 ¥4 EoA] fgzd A=
AP A MNAAFZFDL Hoj= Fe Fo 4 ¥ fEHAS A48 & Ui
(vesicles)E o] B0 4AF oo AAFHGEE 1 AAHN Y Eolggde] wjZHAL Roubosst

553
= Az 2Rl Al 9lo] At od ¥ujdh Vander wal-Divendel(1980)e] TAGOYE *H £ °] &,

Figs. 6 and 7. The neuropils are surrounded by two neuroglial celi(Ng). arrow, neurotubule; open atrow,

neurotransmitter granule; M, mitochondria; N, nucleus; Ne, neuropils. scale bars= 2 um, 1 pgm



Achating fulica &) %2

4BEL AALETt £ 242 BANA B2 o)

ek,
vodgeld B2e dns¥e 44050 52 4
4 3R By 12n ARSI} FuHe 4%

T 3FFE B2 8 e Lymnaea stagnalis
{Schmidt and Roubos, 1989)0lA = ¥ 9AFEE 49
¢ 2%F, 2831 Salenddin® Dillamen(1976)ell A4 &
s HEE AdY 23 Fwel 47 "o oz
9% atel g ®el v AEH ole F9 aloldA oE
oY Aew Azt
T AEAETYE FHAA B2D 02 - 04 pm
5 arle 5 5249 AL HFYEL nEZSgo}

gt weg AL oy #EFE 2= BG4 cristae
7h Ay BEHA g w13 57 oA P A
lg_rir_ E;Q}.O XF_. g}_}éa}z olgl.p’n:i

@oz ALK Azt ety @ Holg.
T Jgydold ARE I B Ao AT
A4" THAEY L3 A(sarcoplasm)E oA} AE T

oA wAdREe] N2 EAsA wgEe U
I, 60 nm 2718 HEAAY AYAH(cytoplasmic
dense body}® #AHe, 15 FEANMY F3FHA vy
dEATAE s gE F4E REed, ol Limax
maximus(Davis  and  Shivers, 1987)%}  Lymnaea
stagnalis(Plesch, 1977a)l A& @3 5 »} giaic),

2 ¢

otiel7t g ol(Achatina fulica) 95 “Hmantle
edgelll 2% %9 AFIAY B ATFE 47
Afe og&® g

AR2ARHEDY Yev wWERdolAy HiFA ol
Rom,  dAdedy S Ewitol A H 7 (synaptic
cleft)9] ol 30 nm =7 ehytcl,

dHAEdE AALR 22 52 FEEA 100
N AH(AY 70 nm) 182 ARYE
(A% 70 nm) ¥ 3FF7F dEHYoy
02 - 04 pm AEA7]9) A2
go] &A%t

. 52 AY F dRE 4
Beg ﬂ%“(cxocywsm) gooen Az o
] "%‘iﬂ He das ARE

¥ Alsarcoplasm)oll 4 FEA T A dAela

o
2 8

[+

AAEAH] v x
nle e wiEge Bidsided, Axayd 2w

Aleytoplasmic dense bodvihe Rz}
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