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300 n nuweBon pesepByap

Apis mellifera

306 — «MeaoBbIv XKenyaok», obpasoBaHue meaa
N3 HEKTapa C NOMOLLbIO CEKpeTa CIIHOHHbIX
xenes

LlIBaHBKMY, 1949



300 n nuweBon pesepByap

Anopheles maculipennis

[MnweBon pesepsyap — Crenoun BbIPoCT
nuwesoaa.

Boga v caxapucTble BewecTBa — CHavyana B
pe3epByap, 3aTeM B CPEOHIO0 KULLIKY.
KpoBb — cpasy B cpeHIOH KULLKY.

NULLEBOWN pe3epByap




MpOBEeHTPUKYNIOC — MbILUEYHbIN XeNyaoK

Periplaneta americana

- MexaHn4eckoe namernb4eHne nuLEBbIX YacTuml
(TapakaHbl, Ky3HeYMKn, Br1oxn)
- dunbTp (NYenbl)

Pulex sp. /
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crop
esophagus

longitudinal
muscle circular
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Figure 3.4 Foregut of a worker honey bee in longitudinal
section showing the development of the proventriculus. The
LUBaHBM‘-I, 1949 anteriorly directed part enables the insect to extract pollen
grains from nectar in the crop; the posterior part, projecting
into the midgut, forms a valve (after Snodgrass, 1956).

Chapman, 2013




CpenHAA KULIKa

= Anterior midgut <>  Middle midgut == Posterior midgut

Figure 3.5 Larval midgut epithelium of Drosophila melanogaster showing various segments and the intraluminal pH

zones. The luminal content of the anterior segment and the anterior part of the posterior segment is between neutral to
mild alkalinity (pH >7 and <8); the middle segment is highly acidic (pH <3.0); and the posterior part of the posterior
segment is highly alkaline (pH > 10). HG, hindgut; MT, Malpighian tubules. (b) Schematic representation of a cross-section
of the posterior region of the larval posterior midgut showing the arrangement of peritrophic membrane, epithelial cells,
basement membrane, muscle fibers, regenerative cells or stem cells (marked S) and serosal barrier. (c) General organization
of two adjacent epithelial cells, lateral dimensions compressed. The arrow denotes very small lateral intercellular spaces.
BEL, basal extracellular labyrinth; BM, basement membrane; CM, circular muscle; JC, junctional complex; LM,
longitudinal muscle; M, mitochondria; MV, microvilli; PM, peritrophic membrane; SB, serosal barrier; T, tracheole
(reproduced from Shanbhag and Tripathi, 2009). Chapman, 2013
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CpenHAA KULIKa
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Figure 3.7 The goblet cell and its role

in determining the physicochemical
conditions in the gut lumen of the
caterpillar midgut. (a) A goblet cell (after
Cioffi, 1979); (b) ion exchange mediated
by K*/H™ antiporter at the apical plasma
membrane (after Lepier ef al., 1994).

Chapman, 2013



CpenHss Kuwka — neputpodmnyeckas membpaHa
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http://www.entomologa.ru



CpenHss Kuwka — neputpodmnyeckas membpaHa
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CpeOHAA KULLIKA — NepUMUKpoBUnsapHaa memopaHa X000THbIX
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Silva et al., 2004



CpeaHasa Kuwka — dpunsTpaymoHHble KaMepbl Hemiptera

LLIBaHBMY, 1949
Pseudococcus

LIBaHBKWY, 1949




3aQHAA KULLKa — PeKTalibHble XeJle3bl U PpeKTalJibHaA aMnyrna
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Figure 3.10 Rectum. (a) Cross-section of the rectum of a grasshopper showing the six rectal pads. (b) Section through a
rectal pad (after Noirot and Noirot-Timothée, 1976). Chapman, 2013
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CnioHHbIe Xxene3bl

"il'_lll
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Prc. 30. Tpasas cironsad EeTesa Tapakasa Blafta orientalis (mo Miall, Denny. 15886):

1] — ofmee BEHEBOIHCE OTBEpCTHE CIIOHHBIX Eele3 H pe3epByapol, ] — oOIIHE BEIBOIHOH
OpoTOK CIFOHHEIX Eeled, 3 — [NPOTOK OpasoH CAIOHECH Eedestl, § — OpOTOK HpaBoTe
pe3epEyapa, § — pesepEyap, § — CAHHHEAR Eelesa, CTPeIKa — IyTh BHESIeHHA CEKPETa

PYHKLUNN:

- PepMmeHTbl AN
nepeBapMBaHNA NULLM
(TapakaH — MYLUMH U
dEepPMEHTHI)

- PepMeHTbI Nu3npyoLne
00O0NOYKY KNeTok (Tnn)

- AreHTbl 06pasoBaHus rannos
(Tnu)

- [MoToYHbIe Xenesbl N4yen



depmeHTbl HACEKOMbIX
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ke here endopeptidase carboxypeptidase proteins by different classes of
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BHekulle4yHOe nuweBapeHue

- BbiBeaeHne crntoHbl Hapy»Ky Yepe3 Xob0oToK

- dHTUKOArynaAaHTbI

Troilus sp. Asilidae Empididae



BHekulle4yHOe nuweBapeHue

- BoiBegeHune HapyXy nuiieBapuTernbHbIX COKOB U3 CpeaHEN KULLKK
Myrmeleon sp.

Carabus sp.

Dytiscidae gen. sp.
@i p

O Siwoa Panley 2007




BHekulle4yHOe nuweBapeHue

- PacwenneHne MbillL, 3a CHET NPOTEONUTUYECKUX (DEPMEHTOB B 3KCKpeTax

Calliphora sp.




[MTaHMe Lennna030ou

- TnuTaHMe COBCTBEHHO ApPEBECMHOM 3a CHET SHAOTEHHbIX L,e/1/110/1a3

Watanabe and Tokuda, 2010:

- Hawm 3HaoreHHble Lenataasbl y

TapakaHOB, TEPMUTOB, }KYKOB (ycayen u
/IMCTOEA0B), MPAMOKPbI/IbIX (CBEPYKOB)

- Hawau reHbl-kaHAMAATbI, OTBEYaroLme 3a
CMHTE3 Le/1/110/1a3 27 BUAO0B U3 6 OTPAAOB

HAaCe€KOMbIX

Table 1 List of insects reported with cellulase genes

Cellulolytic Systems in Insects

Hirofumi Watanabe! and Gaku Tokuda?

"'National Institute of Agrobiological Sciences, 1-2 Owashi, Tsukuba, Ibaraki, 305-8634

Japan; email: hinabe@affrc.go.jp

*Tropical Biosphere Research Center, COMB, University of the Ryukyus, Nishihara,
Okinawa 903-0213, Japan; email: tokuda@comb.u-ryukyu.ac.jp

Insect species Common name Family GH family | Function GenBank accession no.
Orthoptera
Teleogryllus emma Emma field cricket Gryllidae GH9 Endo-B-1,4- EU126927
glucanase
Blattaria
Polyphaga aegyptiaca Egyptian desert Polyphagidae GHY Endo-p-1,4- AF220583, AF220584,
cockroach glucanase AF220585
Blattella germanica German cockroach Blattellidae GH9 Endo-B-1,4- AF220595
glucanase
Panesthia Cockroach (no Blaberidae GH9 Endo-3-1,4- AB438950, AB438951,
angustipennis spadica common name) glucanase AB438952
Panesthia cribrata Australian Blaberidae GH9 Endo-p-1,4- AF220596, AF220597
cockroach glucanase
Salganea esakii Cockroach (no Blaberidae GH9 Endo-3-1,4- AB438946, AB438947,
common name) glucanase AB438948
Periplaneta American cockroach | Blattidae GH9 Endo-3-1,4- AF220586, AFF220587
americana glucanase
Cryptocercus Cockroach Cryptocercidae | GI19 Endo-B-1,4- AF220590, AI220589,
clevelandi glucanase AF220588
Mastotermes Giant northern Mastotermitidae | GH9 Endo-B-1,4- AJ511339, AJ511340,
darwiniensis termite glucanase AJ511341, AJ511342,

Watanabe, Tokuda, 2010

AJ511343, AF220593,

AF220594

/IncToes XpeHoBbli, an 6abaHyxa
(Phaedon cochleariae) - umeet
COBCTBEHHbIE Le//110/1a3bl

https://vreditel-stoi.ru



NMutaHne gpeBecuHoOMn

- NnTtaHne cobcTBEHHO APEBECUMHON 3a CYET Lenmntonas

Cerambyx cerdo




NMutaHne gpeBecuHoOMn

- NMutaHne knetyatkon 3a cyet cumbunoHToB (Hypermastigida, Trychonymphidae)

TepMunTbl Cryptocercus sp.




_ NMutaHne gpeBecuHoOMn
Evangelista et al., 2019

Symploce sp.
Loboptera decipiens
Blattella germanica
Episymploce sundaica “Blattellinae”
Asiablatta kyotensis
Paratemnopteryx couloniana
= Lobopterella dimidiatipes
Ischnoptera deropeltiformis

Nyctibora sp. Nyctiborinae
G Gyna lurida
Panchlora nivea

Blaberus atropos

© Schultesia lampyridiformis Blaberidae
Nauphoeta cinerea
Princisia vanwaerebeki
Diploptera punctata
Balta vilis
Ellipsidion sp.
Sundablatta sexpunctata
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L Pseudophyllodromiinae

Supella longipalpa
Euthlastoblatta diaphana
Cariblatta sp.

Anallacta methanoides “Blattellinae”
Ectobius sylvestris Ectobiinae
(optotermes sp.

Reticulitermes santonensis ‘
Prorhinotermes simplex |
9 Incistermes marginipennis soPtera

Zootermopsis nevadensis '
—r— Mastotermes darwiniensis

- Cryptocercus wrighti Cryptocercidae
Lamproblatta albipalpus Lamproblattidae

Shelfordella lateralis
— L] /;eriplaze.’ta t;r:;’eri(ang /
eropeltis erythrocephala 5
Catara rugosicollis Blattidae
Eurycotis floridana
Methana parva

L= Tryonicus parvus Tryonicidae
Ergaula capucina
Therea bernhardti

o Eucorydia yasumatsui Corydiidae
Polyphaga aegyptiaca

Tivia sp.

Nocticola sp. I Nocticolidae

eapone|g

epunly

oaepiojle|g

eapolIe|qUIN|OS




NMutaHne gpeBecuHoOMn
- MnTtanue rpubamu, KOTOpblE Pa3BMBaKOTCS B APEBECUHE

Scolytidae

UGA0007011




NepeBapuBaHue cneunanbHbIX BelecTB

Dermestidae

Galleria melonella

L3




OpraHbl BblaeneHus: nadbnanbHble OpraHb|

Thysanura (Lepisma saccharina) Collembola

LLIBaHBKY, 1949



OpraHbl BblaeJrieHUs. MmanbrnnurneBbl CoOCyabl

Puc, 411. Pasmuunsie GopmMbl MajIbTHIHEBBIX COCYNO0B. A — JIHuMHKa Komapuka Psychoda
alternata; B — umaro nucrobnowku Psylla mali;C — myxu Phora pallipes; D — nuuuHKH
myxu Mpyiatropa florea; E — 0alouxu nyesmHof monu Galleria mellonella; F — »yKa
Melolontha vulgaris; G — wywka Oedemera dispar; H — NHYUHKA MYpaBbHHOro /bBa

Myrmeleon formicarius.

LLiBaHBMY, 1949



OpraHbl BblaeJrieHUs. MmanbrnnurneBbl CoOCyabl

lumen of tubule

—__microvilli

folds of basal

plasma
membrane Figure 18.2 Structure of a typical
basal Malpighian tubule. (a) Cross-section of
lamina a tubule. (b) Detail of part of one cell.
(c) End of a Malpighian tubule of Apis
hemolymph showing the spiral muscle strands and

the tracheal supply (after
Wigglesworth, 1965).

Chapman, 2013



OpraHbl BblaeJrieHUs. MmanbrnnurneBbl CoOCyabl

MexaHn3m BbiNageHUsi B 0cafok MOYEBOW KMCNOThI y kKrnona Rhodnius
K a -—-—'m KHCD
WY + H, - KHCO, + 14,0
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LlIBaHBMY, 1949



ManbnurueBbl cocyabl: 406aBOYHbIe (hyHKLUN

Micromus tasmaniae (Neuroptera)

Kykonka B KOKOHe



