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Proteome profiling reveals oothecal function during embryogenesis in the

American cockroach Periplaneta americana
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Application Research Institute of Insect Science and Technology School of Life Sciences South China
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Abstract: Periplaneta americana as a world-wide sanitary pest has amazing adaptability to the
environment and strong fecundity. Its strong reproductive ability and ootheca occurrence are the internal
reasons against pest control. In this study the nondabeled quantitative proteomics were employed to
compare the differential proteins of oothecae between D1 and D20. Briefly extracted the proteins and
detected them by HPLC/MS technology. After identified by MaxQuant software and labelHree quantitative
analysis the differential proteins were further performed with GO function annotation and KEGG metabolic
pathway enrichment analysis. The results showed that total of 754 proteins were identified of which 157
proteins are significantly different. Among them there were 102 up-egulated proteins and 55 down-—

regulated proteins. These differential proteins were mainly enriched in immunity water retention ootheca
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formation ect. These data would provide a scientific basis for both ootheca function and the biological

control of American cockroach.
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Fig. 1  Morphology of oothecae of Periplaneta americana
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Table 1 Parameters searched by MaxQuant

Item Value
Type of search ( ) MS/MS Ion search
Enzyme ( ) Trypsin/P
Fixed modifications ( ) Carbamidomethyl ( C)

Oxidation ( M) ; Acetyl

Variable Modifications ( ( Protein N )
rotein N-term

Database ( ) pame. OGSI. pep. fa
Instrument type ( ) Q Exactive
Peptide Spectrum Match Level FDR 0.01
( FDR) '
Protein Level FDR (
0.01
FDR)
Quantification ( ) iBAQ

Others ( ) Default
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1.4.4 GO KEGG ( middle) . Pa_o_m3 ( middle)
P <0.05 FDR <0.01 18 882
4 324 754 (1% FDR  2)
o GO. Pathway 40
Blast2GO GO 111 67 .
KOG KAAS D1 D20
. GO 90
1 41. 11%
GO 1
. Pathway 41.03%
KEGG (24 D);
21 ~40 kDa
° 41. 11% 0~
30 kDa 27.78%
2 21 ~
40 kDa
2.1 41. 11% 41 ~60 kDa
1 20 26.92% ( 2B E);
3 2 6
Pa_o_pl ( primary) . Pa_o_p2 ( primary) . Pa_ 8 ~16 aa ( 2€C F, 3
o_p3 ( primary) . Pa_o_ml ( middle) . Pa_o_m2 o

2

Table 2 Identified proteins from one-day-old and twenty-day-eld oothecae of Periplaneta americana

Sample name Identified proteins Identified peptides Identified spectra

Pa_o_pl 90 638 2 062
Pa_o_p2 99 655 2147
Pa_o_p3 90 622 2012
Pa_o_ml 156 812 4119
Pa_o_m2 158 791 4162
Pa_o_m3 161 806 4380
Pa_o 754 4324 18 882

© Pa_o_ Pa_o_m Pa_o . Note: Pa_o_p was

the prophase of P. americana Pa_o_m was the middle period of P. americana Pa_o was the total number of proteins in the prophase

and mid-term of P. americana.

3

Table 3 Differential proteins between one-day-old and twenty-day-old oothecae of Periplaneta americana

p/m Number of P specific proteins Number of m specific proteins Common proteins

Pa_o_p_VS_Pa_o_m 40 111 67
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Fig. 2 Basic situation of ovarian protein in different periods of Periplaneta americana
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Fig. 3 GO function annotation of Periplaneta americana egg sheath protein
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Table 4 Analysis of the KEGG pathway of Periplaneta americana oothecae proteins

Pathway Proteins with pathway Pathwa;?l_)
annotation ( 106)

Metabolic pathways 25 (23.58%) ko01100

Protein processing in endoplasmic reticulum 18 (16.98%) ko04141

Phagosome 16 (15.09%) ko04145

Longevity regulating pathway 16 (15.09%) ko04213

Ribosome 13 (12.26%) ko03010

Lysosome 13 (12.26%) ko04142

Spliceosome 11 (10.38%) ko03040

Carbon metabolism 9 (8.49%) ko01200

MAPK MAPK signaling pathway 8 (7.55%) ko04010
Endocytosis 8 (7.55%) ko04144

Peroxisome 7(6.6%) ko04146

Longevity regulating pathway-worm 7(6.6%) ko04212

Galactose metabolism 6 (5.66%) ko00052

Drug metabolism 6 (5.66%) ko00983

Pentose phosphate pathway 5(4.72%) k000030

Pyrimidine metabolism 5(4.72%) k000240

Tryptophan metabolism 5(4.72%) k000380

Glyoxylate and dicarboxylate metabolism 5(4.72%) ko00630

FoxO FoxO signaling pathway 5 (4.72%) ko04068
- Autophagy —animal 5(4.72%) ko04140
Hippo Hippo signaling pathway 5 (4.72%) ko04391
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4 Continued table 4

Pathway Proteins with pathway Pathwa;?D
annotation ( 106)
/ Glycolysis / Gluconeogenesis 3 (2.83%) k000010
Fructose and mannose metabolism 3(2.83%) ko00051
Purine metabolism 3(2.83%) k000230
Glutathione metabolism 3(2.83%) ko00480
Other glycan degradation 3 (2.83%) ko00511
Biosynthesis of amino acids 3(2.83%) ko01230
Ribosome biogenesis in eukaryotes 3 (2.83%) k003008
RNA RNA transport 3(2.83%) ko03013
Calcium signaling pathway 3(2.83%) k004020
Phototransduction 3 (2.83%) k004745
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6 GO

Fig. 6 GO enrichment of differential proteins in Periplaneta americana oothecae on dayl and day20

7 KEGG
Fig. 7 KEGG enrichment of differential proteins in Periplaneta americana oothecae on dayl and day20
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8

Fig. 8 Cluster analysis of different proteins related to oocyte formation

754



144 Journal of Environmental Entomology 44

. GO 754
84
( Catalytic activity) ( Binding)
. KEGG 106
27 o
Label-free
2 220
Pa_o_p-vsPa_o_m
157
20 102
55
KEGG

( Metabolic pathways) . ( Lysosome) .
( Longevity regulating pathway)

( Carbon metabolism) GO

( catalytic activity)

( binding)

label+ree

A} A S A

~ o

2019) .

( Asano et al.

( Dittmer et al. 2004; Gorman
et al. 2008; Futahashi et al. 2010; Wu et al.
2013) ;

o

Lipocalin

( Guo et al. 2016) .

( References)

Ali SM  Siddiqui R Ong SK et al. Identification and characterization
of antibacterial compound ( s) of cockroaches ( Periplaneta

americana)

101 (1): 253 -286.

J . Applied Microbiology and Biotechnology 2017

Asano T Seto Y Hashimoto K et al. Minireview an insect-specific

system for terrestrialization: Laccase-mediated cuticle formation
J . Insect Biochemistry and Molecular Biology 2019 108: 61
-170.

Avila FW  Sirot LK Laflamme BA et al. Insect seminal fluid proteins:
Identification and function ]
2011 56 (1): 21 -40.

Bell W] Adiyodi KG. The American Cockroach ( Springer Science &
Business Media) M . Holland: Kluwer Academic Publishers
1982.

. Annual Review of Entomology

Brunet JBC Kent PW. Observations on the mechanism of a tanning
reaction in Periplaneta and Blatta ] . Proceedings of the Royal
Society of London 1955 144 (915): 259 -274.

Barbara S Abram K Roth LM. Calcium oxalate in the oothecae of

cockroaches ]

1960 53 (1): 79 -86.

. Annals of the Entomological Society of America

Courrent A Andre Quennedey Nalepa CA et al. The fine structure of
colleterial glands in two cockroaches and three termites including a
detailed  study of  Cryptocercus  punciulatus  ( Blattaria
Cryptocercidae ) and  Mastotermes  darwiniensis  ( Isoptera
Mastotermitidae ] . Arthropod Structure and Development 2008
37 (1): 55 -66.

Dittmer NT Suderman RJ Jiang H et al. Characterization of ¢cDNAs
encoding putative laccase - like multicopper oxidases and
developmental expression in the tobacco hornworm Manduca sexta
and the malaria mosquito  Anopheles gambiae ] . Insect
Biochemisiry and Molecular Biology 2004 34 (1): 29 -41.

Futahashi R Banno Y Fujiwara H. Caterpillar color patterns are
determined by a two — phase melanin gene prepatterning process:
New evidence from tan and laccase2 ] Evolution and
Development 2010 12 (2): 157 -167.

Gorman MJ Dittmer NT Marshall JL et al. Characterization of the

multicopper oxidase gene family in Anopheles gambiae J . Insect



145

Biochemisiry and Molecular Biology 2008 38 (9): 817 —824.

Guo Hong Foncea Rocio OByrne Sheila M et al. Lipocalin 2 a
regulator of retinoid homeostasis and retinoid — mediated thermogenic
activation in adipose tissue J . Journal of Biological Chemistry
2016 291 (21): 11216 - 11229.

Lake CR Mills RR Koeppe JK. In vivo conversion of noradrenalin to 3—
hydroxy4-0-3-D glucosidobenzoic acid by the american cockroach

J . Insect Biochemisiry 1975 5 (2): 223 -229.

Maya VJF Valiente E O~ Callaghan J. Study of ultrastructural details of
the ootheca of Periplaneta americana ( Dictyoptera: Blattidae )
using scanning electron microscopy  J Inierciencia 2002
27 (5): 243 -246.

Pau RN Acheson RM. The identification of 3-hydroxy4-O-beta-D—
glucosidobenzyl alcohol in the left colleterial gland of Blaberus
discoidalis ] 1968 158 (2):
206 -211.

Pryor MGM  Russell PB Todd AR. Protocatechuic acid the substance

Biochim  Biophys Acta

responsible for the hardening of the cockroach oothecal ]
Biochemical Journal 1946 40 (5 -6): 627 —628.

Sugumaran M Nellaiappan K. On the latency and nature of

phenoloxidase present in the left colleterial gland of the cockroach

Periplaneta americana ] Archives of Insect Biochemistry &
Physiology 1990 15 (3): 165 -181.

Willis JH Brunet P CJ. The hormonal control of colleterial gland
secretion J . Journal of Experimental Biology 1966 44 (2):
363 -378.

Whitehead DL. New evidence for the control mechanism of sclerotization
in insects J . Nature 1969 224 (5220): 721 -723.

Whitehead DL. Haemocytes play a commensal role in the synthesis of the
dihydroxybenzoate required as a precursor for sclerotization of the
egg case ( ootheca) in the cockroach Periplaneta americana ( L.)

J . Bulletin of Entomological Research 2011 101 ( 3):
251 -258.

Whitehead DL Brunet PCJ Kent PW. Specificity in wvitro of a
phenoloxidase system from Periplaneta americana ( L.) ]
Nature 1960 185 (4713) : 610 -610.

Wu X Zhan X Gan M e al. Laccase2 is required for sclerotization
and pigmentation of Aedes albopictus eggshell ] Parasitology

Research 2013 112 (5) : 1929 - 1934.



