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Ultrastructure of the Foregut Epithelial Cells in the Scarab Beetle,
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ABSTRACT

The foregnt epithelium of the last instar larva inthe scarab beetle, Allomyrine dichotomer waz obzerved with
electron microgcopes, The foregat epithelium of the searab beetle larva iz compoged of a single layered
squamons abaorptive cell. The luminal sarface of the epithelium iz coversd with cuticular intima. The free
surface of the squamous cell haz a irregular array of microvilli *“bmsh border”, while cell membrans cloge to
the basal lamina are infolded and a lot of mitochondria are concentrated in those proceszes. The cytoplasm in
the epithelial cells iz well developed miclens, mitochondria. And the basal region of cell containg large lipid
protein droplets and numerons glycogen granules. The bazal lamina is located between the basal membrane and
mugels bundle, providing barrier between the epithelium and the hemolymph. The epithelium iz surround by
the subepithelial space and mmscles. The subepithelial space, which iz composed of fibrons connective tizsue iz

innervated by many trachecles and axon,
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Fcrop) 2212 A4 (proventriculus) 522 A2 &
ol =ZA 2FHR avde] AR AN2s AAEH
Rz o=y S AHEAA &) AT ¥
2 FEHEA F2E sl

Azke] Wizkd W FEF S5 T 9 e
23 Az 54 w24 2oz AR o
A zA]s FAehale @) WAz ER o
Folged dHske "ol 7 wek A=z =
S5} 28R 4o] Hel7h 21 Chapman, 1985)

ol#qt AR HFF AT HA g Y- %
2 dFzH ZAAu B (Isoptera)?] Mastotermes
darwiniensis (Czolig et al., 1984), 3}2] B (Diptera) =4
H2]8 d3Fel Rhagoletis pomonells (Ratner &
Stoffolano, 1984) Z=] v &7 0¥ = (Coleoptera) 4
o] AdF9 Adregenus megatoma (Dunkel & Boush,
196815 ¢] BT H4ich =5 Gupta (1965 @
H 2 1= (Meloidae) % 3232 A 3k ¥
| HEE AFr g 3t gioh Azl 3 AT
Zole AH S 2T sle 7 2
o W5 2 sl wisieh Boudreaux (1980)% 11%
(Onder) 28] A9152) 7B A i
BT E v 2ule, @AY wEEU 8 Arthonomus
grandis (MacGown & Sikorowski, 1981), w|5F7]=-2]
E%7], Locusta migratoria (Hochuli et al,, 1992)2}
Pauling acminata, Marellia remmipes 252 Fe|Z 2
% (Bentos—Pereira & Lorier, 1992) W& T2 » o7}
sieh, 223 4=t A F2dale Helg 24et
o ez e 4P A (gizzard)d HE2
st H2e A ey FEE P (E)E 23
H ukd A e geiT gl 2] dEslge
=g o)z 3 A= ¢ FA 9} gl (Zacharuk,
1971; Chapman, 1985), 28] v #A72 273k 7he] 4
HEY A FHU5E delvR] 4ARE Bat ¢
282 F5E AT HFelddd AT 25 (Bayon,
1981)3 ko= ¥E F4m 240 UY=F E4
¢|ZH e EHEHZ W& (FZacharuk, 1971; Hanrahan &
Nicolson, 1987)5¢] wigk A7 Ho] 2w = v} gich

2 aFeldE A AFAEE AT F4FY0
$29 A% B A¥RE U Sl 249
)24 o) B 2wk ek
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B A e g (Coleoptera)s] dgal b
Fo o) (dllomyring dichotoma Linns; Dynastidag) & 23
£ G2AdA AFUelE U AR 23
$22 - 5 Fogel A2 etk

W) e AT ATA el AT 2
nus FHaesle] 2% paraform-glutaraldehyde (0.1 M
phosphate buffer, pH7 4) 270 (4°C)ef| 124]3F
AwAstEeh 20 & 4°C2) 0.1 M phosphate buffer 4
o g 3a7F Fot 335 MESE £ oA 1% osmium
tetroxide (0.1 M phosphate buffer, pH7 4) 2 24]7F F<t
ZuAsigd 23" A E5E ethyl acchold] =&
Z7127 HpstR, propylene oxide 2 A& ele] epoxy
resin (BEpon-812&5 )| ATA)7 =a)stgch 60°C
A 36417 Fab d F3AFA 232 Ao
o7 A2 ZF semi-sectiondte] methylene blus2}
basic fuchsin & & G8sts] FFHEMAses 222
FAstedch 283 LEICA ULTRACUT R2 o &3
70~90 nm=Z EHIF 2 uranyl acetats (2023}), lead
citrate (102375 <& 9485t A=A (Philips
CM200)2 2 SHassich

4 =

BrEYel 39 429 A% HUEAE TS
AZE2] vAF2E FL3 T G g

B3] A2 gy ooz oFeld A4HT
Helg AMabatn gler A HEsded syEH
o2 .4 Aot YU AIYEE JuE =4
< 29 dHAAEEe] G5 g olf X
slew A vuiee FEIZSe] " Sl3 71HT of
Aol T A dedd 1 FA B4
F5Zo] TAFH YA

Ape] PuiEe BT Gl 7T (S5 o 1
um FAZA S B4R A B
=3 (epicuticle)df AL =7} ol vFA| Bo|= W3
£5] (endocuticle) 2 FA= ¢l (Figs. 1, 2). gk A=
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T AAY =2 PR A e E 2YE F
et e (Fig 2, #42), FHE3Y H¥y2s A7

e Ho Wlaae 55z AE2EHw 7 ]*"é%”ﬂ’

B8] A sl Egoz FFFHYS &
HAegAulg ol vx sl AuAErs feid ﬂz‘é‘“““—?
o] mlAME=2 W H e “bruzsh border’&
ol sled, mAlEEIt dx EEA wid"
Z(Fig 1)FF 1.5~2pm Aoz AA AFd=« =25
THHoZ widE A (Fig 3)¢] HA= gt A=
o #2 =ZA dEEgles F2 7ASY HA
o} 18] 3 FHe A (mitochondria)r] g
stgen i4AF & (lysozome)T= FHF =Hyd (Fig
6). T AFgAES ZA dEEiyi e (Fig 5),
FHY $9F oz N (Fig. 4), 7145 (Fig. 9)%
Az AA=Hez =4 2xge] T4l Fig 4
dA By wbep el F M=z At sle S¥
32t (lateral plasma membrane)2 F3-¢] Ay
oo, Ay 225 FHubd A (septate junction)S 3L
sle AR =r 37 #FFH A Fig 4). 22 A

22 el 425 $de Zu e e Fe
Z #A= e 53] Fal¥ (glycogen granulss) o]
WA 51" Aol A5 FAFGG =3 Axa
v SRl =718 9% (vaccuole)w e 4lalet
(Figs. 7, 8).

A ES AARAEE SAT 8 (bassl
infolding)®] & “canaliculi”, “basal labylynth*& 4k
ot (Fig. 2, %) 71A%Y F52 B =5 73 o
Bod 2 Aelde A SR YA el B
57 8190 1A o (basal lamina) A& o= 7)7
2 (basal sheath) 2] 22 FAT 2 7o Exleld], 7]
Hohe 8~1229) Fo2 WA TAL o 200~500
nm =2 A (Figs. 9, 10, 11). 715 W =
S AT ok @R del SRR (e
cheole cell}2} AIAAME (axzon cell)Eo] AT 2T
AAAZES A2 713A AlEZhedA S
(Figz. 10, 113, Fig. 115 3ke] S5 7|3 718 3
% 5 gl vdel AHE 2oz oleeld 241
=7t Fob ZeA #AR Y 5] dEow £
S (tanidinm) o] B0 2 HLHPLE BAY >
slgdeh

{microvilli)=.

Aeetza] oS 6~8um §7]8 ZS5PE
o] FZ= e z-4 (z-line, BEE)F 24 HH 2
Fdpm HA=2A APHA FAZT F2F 32 514
o (Fig. 12). eFZ ¢ 7 A2 (circular muscle)e] WFRE
Zd = FFZ(longitudinal muscle)e] ¥id= 4ot

] &

2 A daudgs st gedd s d3a
FpE o] (Allomyring dichotoma Linne; Dynastidae;
Coleoptera) 52 S FHH ] AHEstoict 2%
dele F24170e ozt A2 et Baj{gr] o
oA A FEUH, HZA e B FoE dFY
1% et o gEER ARSETE St FF ]'3}-
TF AL AN HE, & Jey
Gu9 Som ARAAT <59 =] 9 25 A=
© Aol 2R weh bbb (Gupa, 1965
Yu, 1980; Tarjees et al,, 1988) 23 H 2 T2 Bz
H3 A FEAld e A2 2 &
e wiE =A dEeigon, A2 Ay ade
o] Fof FHow B AFels TEAT AT vz
GRS Atk deidel s $g Ram AR
Helo] gb2 FEE o= Fesle] Helg AAFst
3 2arle] HAgat F2E sk gl 53 Ay
Hel| 7hA] =2 AAFL=E BHS 4 (Fig 2, 34
=) 2Hd Axk] Hel okE sl LR
ZZ4 RUlFe AHEEL Helo] B B of
2 AFste Ae W] H B0 £ =ZA 2=
sper 28" 98 82 B7)Z Boudreauz(1980)2
FEA1E d=3q] “acanthus’®} 39T, MacGrown &
Sikorowski (198115 Hochuli et al, (199213
spine” 12]31 Bentos—Fereira & Lorier (1992)%
“testh, spine”e|2} SH4eH I HAr|ot BofL 234
Apel7b slgdet E24 AME Fitte FEIEES
A | (epicuticle), 427 (exocuticle) 22T &)
(endocuticle)% 35222 F2Eu (Chapman, 1985), A
A fiw S Axgly FEEES A= e 2
Fo2q FHYY 2122 F4FY o9 2o] B
2o] BE Holg 4T 2REE AzE] ¥

“micro-
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At A7t sl Fig 24l Mg o] 3 v 7k A
w2 AdEe] AR ol wiv|ERl Fuscelidus
variegatus (Cheung & Purcell, 199315} Tetraponera 7
7] (Billen & Buschinger, 2000) T4 = AdSe] F
AT &S Bkt

¥ o] Azl A oy dsants 24
Hslxz st " wdgrz FAHYAT
(Figs. 1, 3}, AR <l 287 d3ddMe 23 %
F5 FH=Z FEH AT (Bayon, 1981). A2+ =
Fig, 7, 8 A1ef Zeo] Z717F kst Aot s
Hg Tely FejEAdl dAEe] A5 #EEg e,
vhepdd dPal
19703 A== d3F¢l Onymacris plana plana
(Hanrahan & Nicolson, 1987352 A} A=A 4
Az 2y Heed AFBAY =) B
23t go= olF AABAL st AzEE
By £ AAge] A B2 o] o] FolMek
¥ Aoz AmdEc Az S5 d9gaAdwy 4
43 T T JAMHAYY JAY FEFE 3
A £2 FFH FA o[ (Chapman, 1985,
Lehane, 1998), A=A £ Z|A7HA Hekm 313 715
ha B 28 7| o372 bazal sheathSef 2 25
= A R (Tudy & Gilbert, 1970), 3134 e| &
(Harker, 19992 o] ¢ 200 nmPA & ddwhe =z
2 A dE™d 2HAY Fig 9, moq],qglr Thol

Metarrhizium anisopliae (Zacharuk,

ASI3S A 398 Ao $3 Ae 03
A 48] 4o 2 AL
= Az

F24 3E7|HE 73 (trachea) 224 BXuolh
Z-F (apiracle] L 2R B #o| Eof s} Tt o8 G2
Sl B 5 22 2EAA Dt A} 2
14 A7) 1 oI5 S AR (rcheoleh

e, 71848 HEe gAz 2HE e 57
o)
TEERA S A 5 o) 5 AFiEE

e fALL HE2 oA T =Y AL =
oo (Snodgrass, 1935, Wigglesworth, 1972), 2 Zh4-
Feold] &= HYH] FHLY FERE U
slom Fatdsl o] LR E I Fig. 12).
FTEL A H 4 2R 4 FoR HHE S

7] s 22 FolEt # A= Helg 4 4
Hote FEAl71e A Aol siab e
e S Y 28R 1 e A, 2T,
B 59 vz fo 4271 2 Aol nald
{Tudy & Gilbert, 1970; Suzlki & Ando, 1981; Kighimoto
& Ando, 1986). Weka] Lstdhe TSl = Au=z
Ao Hg AT HA Az vzdTE A
oA F Aoz Almdd
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FIGURE LEGENDS

Fig, 1. The foregut epithelial cells are coversd with endocuticle (EnCu), and epicuticle (EpCu). Apical plasma membranes are mads
of the microwilli (MV) “brush border™. Lu: hamen. Bar indicates 1 pm.

Fig, 2. Detail of cuticular intima of foregut epithelial cell. Epeuticles are formed into spines (arrow), Ba: bacteria, Lu: lumen, Ear
indicates 0.5 pm.

Fig, 3. Microvilli (M+) of foregut cellunder subcuticular space. EnCu: endocuticle, Bar indicates 0.5 pm.

Fig. 4. Apical Zone between the adjacent cellz of the foregut epithelium. Which shows mimerous mitochondria and lateral plasma
meambrane (LPM) are made convoluted speptate junction. Bar indicates | pm.

Fig, 5. Numerous mitochondria (Mi) are seen in the cytoplasm of foregut cell. Bar indicates 1 pm.

Fig 6. Showing the large nuclens (MNu), lysosome (Ly) and mamorons mitochondria (M{) in the foregut epithelial cell. Bar indicates
1 prm.

Fig, 7. Large lipid droplets (Lp) and protein drolpets (Pr) in the basal region of foregut epithelial cell. Bar indicates 1pm.

Fig. 8. Vacuole(Va), lipid droplets (Lp) and glycogen gramules (G are aeen in the foregut epithelial cell. Bar indicates 1pm.

Fig, 2. Bagal portion of the foregut epithelial cell, The bazal plasma membrane are made infoldings, formed basal labyrinth *3, BEL:
bagal lamina, Mi: mitochondria. Bar indicates 1 pm.

Fig. 10, Thacheolea (T1) and axon(4x) are asen within the basal lamina (EL). N nicleus. Bar indicates 1 pm.

Fig, 11, Longitudunal section of the tracheole cell, showing the spiral thickening of the intima called a taenidium (arrow). BL: bazal

lamina, Va: vacuole. Bar indicates 1 pm.
Fig, 12, Longitudunal section of the circular muscle bundle (M), Arrow; 2-line, Bar indicates 1pm.
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