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Abstract: Insects are the most successful organisms on earth
in terms of their diversity and adaptability. Insect biotechnol-
ogy using this insect resource is an emerging area for future
biotechnology with various applications. Insect resources have
long been used to make food and/or functional food, feed,
cosmetics as well as medicine and industrial ingredients. Re-
cently, one of the most well-known industrial material from
insect is spider silk that could be commercialize in near future.
The insect cell lines have been used to express recombinant
proteins that were difficult to be functional expression. For
public purpose, while, the insect could be good amenity source
and plant farming, so leisure resource. Only the interdiscipli-
nary research will guarantee the successful story for insect
biotechnology. And biochemical engineers should used insect
as a bioresource for new products with applications in medi-
cine, agriculture, and industrial biotechnology in near future.
This review will cover state-of-the art of this field and the
research and application areas of insect biotechnology and the
possible role of biochemical engineer for the development of
the future biotechnology using this bioresource.

Keywords: Insect, Biotechnology, Biomass, Biochemical engi-
neering, Spider silk, Interdisciplinary work
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1. INTRODUCTION
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WA AA A Aol e Ao bt glnt.

23. 2% FARYY &8

2.3.1. $FF B4

nEZEZ ol FHAAES T8 AFATl &t
TFE2 w5 ZHs] o] Foj A ghout i E ] A9 HHE
g A= (RNA, Cytb, COI, NDI 5)9] F-Z24]¢]
ARk 7HA| AL o] Foj A firt. A7 M B R4 5=

o] F&ERE WHSIHA HLo|= vEZE g of A A
AGolu FAA i E A E o83t 7]Eo] A A
of fjzo] Agsto] AFEE A5t thfrt Al =50l
el A qlct. £t @ | HA7AA T S nEZE ot
AA 44 A71- o] Hexl FHFEFES 1095 A=
urol 57 ghgront Az EubgoR 27eka Qo 1 5
N = PEH o7 wo] gzl EFto] AAFEEA oF
25301 F0] dtt[16]. AA7HA] oF 14052] 25 | EZE 2
of A FAA| 7} b 3] s =5 QAL WA H Y Hol A= 16
Zol aj == et o] 52 g ' & = 2 Polyphage, Myxoph-
aga, Adephaga, Archostemata]] 435}= E& 0|0, o] Fo
A Fr o] o} 9] Cucujiformia®} Elateriformia®] £8}= £0|
Wol| vk A Q1 a1, Pyrocoelia rufa, Rhagophthalmus lufengen-
sis, Rhagophthalmus ohbai®} Pyrophorus divergensE 3 3$Fs}o]
49| FAA 7 A sHA sl == Tk [17-19]. 54 LOEWE
center for insect biotechnology & bioresource 52| 49
A cherat 23AEe] ] 243} o] 218 Folct
(http://www.insekten-biotechnologie.de/en/start.html).

=)
o
S|

A

Nl 2> e

232 REXNHY EY

L= S A of o gt A= 20001 of] Drosophila melanogaster
TN ASFom A ZRAETL hRY o]F AR
A= Qe Aoz gpofw Al Qlek. A 71A] A Al A 2 2
2 A3 Zo]AY &= E genome project 7] 4= 2007 7]
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gaster) genome projectE A| 2O 2 D, pseudoobscura, A. gam-
biae str. PEST, A. mellifera, B. mori, 12| 1L A. aegypti®] 52
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Hepo| = A2 W I A A o] Thofst= thakt
0| o] 3k ol 7| & o] §E o2 =1], o]
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Table 1. SWOT analysis of insect biotechnology according to the application area

Application Strength Weakness Opportunity Threat
Natural enemy National policy Weak intervention Strengthening market High cost
Enl t of
Pollination Enlargement of demands =~ Weak support of the policy frargement o Low results

technical transfer

Remediation Strengthening market Ineptitude in insect uses Climate changes Insect library
Pet Enlargement of demands Uniformity of pet Support of the policy Excessive supply
Drug and Food  Enlargement of demands Lack of popularity Legalization Dislike
Tourism Expanding will Lack of program Succession case Similarity of program
Feed Substitution Weak interest Support of the policy Lack of application

Bioengineering Global potential

Others Activating R/D

Weak support
of a government
Lack of advertisement

Government support policy Short term support

Future promising technology Lack of popularity

SWOT: strength, weakness, opportunity, and threat.

(Functional)
Food, Feed,
__ Cosmetics

Medicine, Insect Insect cell

Industrial | | line culture, |

ingredjry Bwte‘:hndy‘ Bioresource /

\
\\

\ Amenity,

Pet, Public
resources /

Fig. 1. Research area of insect biotechnology.
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Table 2. The foreign study on the insect attractant and repellent with insect chemotaxis

Research Institute*

Research Project

Nature of
the research

USDA, USA (2005)

CSIRO, Australia
DPI, Australia

Specificity of codling moth (Lepidoptera: Tortricidae) for the host plant kairomone,
ethyl (2E,4Z7)-2,4-decadienoate
Ecological engineering for pest management
Development of Insect attractant and repellent for agricultural pest management

Scientific Research

Commercialization
Commercialization

*USDA: U.S. Department of Agriculture, CSIRO: The Commonwealth Scientific and Industrial Research Organization, DPI: Department of

Primary Industries.



266

Korean Society for Biotechnology and Bioengineering Journal 30(6): 257-267 (2015)

ol 5 DB, 242 71127} A 15 o] FAlslo
g Aoz malth ofoh HEo] BEHAY A AT
= aﬁ@ﬂwiﬂaﬂ°oﬂumﬂﬂiaﬂqm
ARl BT Tl o) A2 e A ol A Bl 9
o A elct. 2ot ARSI BT ok

o
4 Qi Aes )
1. 0)

2
r&
ne
Mo

FARY 1, )
ﬂﬂ&&m@qaw%wzw
ofol 4 4

ofl 02 ox x M @ flo O o
Me
i
HE
mﬁ
>~

reh N A
ox

Acknowledgements

H 3= 2015 gH=+AY
FoE YR

REFERENCES

1. Rural Development Administration of KOREA, Submission of
manuscript. http://www.rda.go.kr. (2011).

2. Korea Rural Economic Institute, Submission of manuscript. http://
www.krei.re.kr. (2007).

3. Yoon, H. J., S. E. Kim, Y. S. Kim, S. B. Lee, and 1. G. Park (2005)
Comparison of colony development of the Korean native Bumble-
bee, Bombus ignitus and B. ardens depending on pasturage time
and place at field net house. Kor: J. Apicult. 20: 133-142.

4. Chung, S. H.,, M. S. Kim, and K. S. Ryu (1997) Effect of silk-
worm extract on intestinal o-glucosidase activity in mice adminis-
trated with ahigh carbohydrate-containing diet. Korean J. Seric.
Sci. 39: 86-92.

5. Kim, Y. S, K. Y. Kim, P. D. Kang, J. Y. Cha, J. S. Heo, and Y. S.
Cho (2008) Effect of silkworm (Bombyxmori) excrement powder
on the alcoholic hepatotoxicity in rats. J. Life Sci. 18: 1342-1347.

6. Ryu, K. S., H. S. Lee, and S. Y. Kim (1999) Effects of Bombyx
mori L. extracts on carbon tetrachloride-induced hepatotoxicity in
mice. J. Life Sci. 9: 375-381.

7. Cho, C. H.,, W. S. Cha, and J. S. Kim (1989) Effect of tempera-
ture, time and pH on the extraction of protein in a chrysalis of silk-
worm. KSBB J. 4: 65-68.

8. Kang, G D, K. H. Lee, S. G Do, C. S. Kim, J. G Suh, Y. S. Oh,
and J. H. Nham (2001) Effect of silk fibroin on the protection of
alcoholic hepatotoxicity in the liver of alcohol preference mouse.
Int. J. Indust. Entomol. 2: 15-18.

9. Yun, E. Y, S. H. Kim, W. S. Kang, B. R. Jin, K. Y. Kim, H. R.
Kim, M. S. Han, and S. K. Kang (1997) Molecular cloning and
expression of the novel attacin-like antibacterial protein gene isola-
ted from the Bombyx mori. Korean J. Appl. Entomol. 36: 331-340.

10. Ryu, H. Y, J. C. Heo, J. S. Hwang, S. W. King, C. Y. Yun, S. H.
Lee, and H. Y. Sohn (2008) Screening of thrombin inhibitor and its
DPPH radical scavenging activity from wild insects. J. Life Sci.
18:363-368.

11. Ahn, M. Y,, B. S. Hahn, K. S. Ryu, and S. I. Cho (2002) Protec-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

tive effects of water/methaol extracts of cricket on the acute hepa-
tic damages in the ICR-mice induced by administration of CCl4.
Kor: J. Food Sci. Technol. 34: 684-687.

Han, S. M., S. H. Lee, C. Y. Yun, S. W. Kang, K. G Lee, L. S. Kim,
E. Y. Yun, P. J. Lee, S. Y. Kim, and J. S. Hwang (2006) Inhibition
of nitric oxide production by ladybug extracts (Harmonia axyri-
dis) in LPS activated BV-2 cells. Kor: J. Appl. Entomol. 45: 31-36.
Heo, J. C, J. Y. Park, J. S. Hwang, H. C. Park, S. W. Kang, S. J.
Hwang, C. Y. Yun, T. K. Kwon, and S. H. Lee (2006) Comparison
of in vitro antioxidant activity and cyclooxygenase-2 promoter inhi-
bitory activity in Harmonia axyridis Pallas and Coccinella septem-
punctata Linne. Kor. J. Food Preserv. 13: 513-518.

Morota, A., H. Isawa, Y. Orito, S. Iwanaqa, Y. Chinzei, and M.
Yuda (2006) Identification and characterization of a collagen-indu-
ced platelet aggregation inhibitor, triplatin from salivary glands of
the assassin bug. Triatoma infestans. FEBS J. 273: 2955-2962.
Kim, H. A,, S. H. Lee, Y. C. Choi, K. H. Park, J. S. Hwang, N. J.
Kim, and S. H. Nam (2013) Comparison of fibrinolytic activity from
Korean indigenous insects. J. Seric. Entomol. Sci. 51: 147-152.
Boore, J. L. (1999) Animal mitochondrial genomes. Nucleic Acids
Res. 27: 1767-1780.

Amoldi, F. G, K. Ogoh, Y. Ohmiya, and V. R. Viviani (2007) Mito-
chondrial genome sequence of the Brazilian luminescent click bee-
tle Pyrophorus divergens (Coleoptera: Elateridae): mitochondrial
genes utility to investigate the evolutionary history of Coleoptera
and its bioluminescence. Gene 405: 1-9.

Bae, J. S., I. Kim, H. D. Sohn, and B. R. Jin (2004) The mitochon-
drial genome of the firefly, Pyrocoelia rufa: complete DNA sequ-
ence, genome organization, and phylogenetic analysis with other
insects. Mol. Phylogenet. Evol. 32: 978-985.

Li, X., K. Ogoh, N. Ohba, X. Liang, and Y. Ohmiya (2007) Mito-
chondrial genomes of two luminous beetles, Rhagophthalmus lufen-
gensis and R. ohbai (Arthropoda, Insecta, Coleoptera). Gene 392:
196-205.

Cho, Y. H. (2008) Construction of insect sequence data base and
new pipeline system for expressed sequence tag analysis. Ph. D.
Thesis. Jeonnam National University, Gwang-ju, Korea.

Zhou, Y. and L. F. Landweber (2007) BLASTO: a tool for search-
ing orthologous groups. Nucleic Acids Res 35: W678-82.

Friedrich, M. and N. Muquim (2003) Sequence and phylogenetic
analysis of the complete mitochondrial genome of the flour beetle
Tribolium castanaeum. Mol. Phylogenet. Evol. 26: 502-512.
Adarsh Gupta, K., Kazuei Mita, Kallare P. Arunkumar, and Javare-
gowda Nagaraju (2015) Molecular architecture of silk fibroin of
Indian golden silkmoth, Antheraeca assama, Scientific Reports 5:
doi:10.1038/srep12706

Fernando E. Vega, Stuart M. Brown, Hao Chen, Eric Shen, Mridul
B. Nair, Javier A. Ceja-Navarro, Eoin L. Brodie, Francisco Infante,
Patrick F. Dowd, and Arnab Pain (2015) Draft genome of the most
devastating insect pest of coffee worldwide: the coffee berry borer,
Hypothenemus hampei, Scientific Reports 5: doi:10.1038/srep125
25

Katie Shanks, S. Senthilarasu, Richard H. ffrench-Constant and Ta-
pas K. Mallick (2015) White butterflies as solar photovoltaic con-
centrators. Scientific Reports 5: doi:10.1038/srep12267



Tkl

SUE S| Hxliet MY

267

26. Kang, D. H, H. H. Kim, W. H. Nam, and H. S. Kim (2015) Stabili-
zation and antifungal activity of isolated symbiotic bacteria from
entomopathogenic nematodes. KSBB J. 30: 132-139.

27. Rural Development Administration of Korea, Submission of manu-
script. http://www.rda.go.kr. (2007).

28. Tomita, M., H. Munetsuna, T. Sato, T. Adachi, R. Hino, M. Haya-
shi, K. Shimizu, N. Nakamura, T. Tamura, and K. Yoshizato (2003)
Transgenic silkworms produce recombinant human type III pro-
collagen in cocoons. Nat. Biotechnol. 21: 52-56.

29. Jarvis, D. L. (2003) Developing baculovirus-insect cell expression
systems for humanized recombinant glycoprotein production. Virol.
310: 1-7.

30. Toshiki, T., T. Chantal, R. Corinne, K. Toshio, A. Eappen, K. Mari,
K. Natuo, T. Jean-Luc, M. Bernard, C. Gerard, S. Paul, F. Mal-
colm, P. Jean-Claude, and C. Pierre (2000) Germline tranforma-
tion of the silkworm Bombyx mori L. using a piggyBac transpo-
son-derived vector. Nat. Biotechnol. 18: 81-84.

31. lizuka, T., H. Sezutsu, K. Tatematsu, 1. Kobayashi, N. Yonemura,
K. Uchino, K. Nakajima, K. Kojima, C. Takabayashi, H. Machii,
K. Yamada, H. Kurihara, T. Asakura, Y. Nakazawa, A. Miyawaki,
S. Karasawa, H. Kobayashi, J. Yamaguchi, N. Kuwabara, T. Naka-
mura, K. Yoshii, and T. Tamura (2013) Colored fluorescent silk
made by transgenic silkworms. Adv. Funct. Mat. 23: 5232-5239.

32. Nakade, S., T. Tsubota, Y. Sakane, S. Kume, N. Sakamoto, M.
Obara, T. Daimon, H. Sezutsu, T. Yamamoto, T. Sakuma, and K.
T. Suzuki (2014) Microhomology-mediated end-joining-dependent
integration of donor DNA in cells and animals using TALENs and

33.

34.

35.

36.
37.

38.

39.

40.

CRISPR/Cas9. Nat. Commun. 5: 55-60.

Hinman, M. B, J. A. Jones, and R. V. Lewis (2000) Synthetic spi-
der silk: a modular fiber. Trends Biotechnol. 18: 374-379.

Moon, M. J., H. Kim, and J. G. Park (2012) Biomimetic analysis on
the spider silk apparatus for designing the nanofiber-spinning noz-
zle. Korean J. Microscopy 42: 67-76.

Xia, X. X., Z. G. Qian, C. S. Ki, Y. H. Park, D. L. Kaplan, and S. Y.
Lee (2010) Native-sized recombinant spider silk protein produced
in metabolically engineered Escherichia coli results in a strong fiber.
PNAS U.S.A. 107: 14059-14063.

The publishing of Parkmungak. http://terms.naver.com. (2015)
Park, I. G H. J. Yoon, M. A. Kim, K. Y. Lee, S. B. Lee, and S. J.
Jang (2013) Effect on pollinating activities of honeybee (Apis mel-
lifera), bumblebee (Bombus terrestris) and masonbee (Osmia cor-
nifrons) in Japanese apricot field. Kor. J. Apicult. 28: 303-311.
Breznak, J. A. and A. Brune (1994) Role of microorganisms in the
digestion of lignocellulose by termites. Annu. Rev. Entomol. 39:
453-487.

Heo, S., J. Kwak, H. W. Oh, D. S. Park, K. S. Bae, D. H. Shin, and
H. Y. Park (2006) Characterization of an extracellular xylanase in
Paenibacillus sp. HY-8 isolated from an herbivorous longicorn
beetle. J. Microbiol. Biotechnol. 16: 1753-1759.

Kim, K. D., D. S. Park, D. H. Shin, B. N. Han, H. W. Oh, Y. N.
Youn, and H. Y. Park (2006) Characterization of a ligninase pro-
ducing strain, Serratia marcescens HY-5 isolated from Sympetrum
depressiusculum. Kor. J. Appl. Entomol. 45: 301-307.



