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ABSTRACT

The American cockroaches, Periplaneta americana L. was the most important worldwide pest species. It has been an
public health problems. We were determinated life cycle and extraction of crude extracts by chemical reagents from
cockraches (P americana L.). The extracted crude solution has been antibacterial activity to gram negative bacteria
(Pseudomonas aeruginosa, 6.44 +1.03 mm), gram positive bacteria (Bacillus subtilis, 1.88 +0.40 mm), and fungus
(Candida albicans, 5.61 +0.57 mm) using radial diffusion assay. We were analysed of up-regulation of Glutathione-S-
transferases (GSTs) stimulation, indicating that antioxidantial protein from various classes are simultaneously expressed
in a single insect upon infection or injury. The gene from Periplaneta americana L. were cloned, analysed sequence,
and measured protein expression by Real Time PCR (Polymerase Chain Reaction).
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v =8} (Periplaneta americana)y= 1625\ o}Zz]7}e]|
A o2 §4% vl F 224 (Bell and Adiyodi 1981),
Hold WA WA TR At s oG
= 2% AWE v 7)sl=(Sohn et al. 2012, Cloarec et al.
1992, Rivault et al. 1993) s|Fo2H4 A3, 84 5 &
717F @2 AaeM F2 AA S w- WA o3
sjZo]oH(Rust et al. 1991). ]2} FHHs}e] YJAYTF2l B}
Fell w3t WA AT-E v =3t wiE e WAE fAg
T A7} BE ok (Pai et al. 2003, 2005). 3} ¥k
Al el v F7F S, EM, Hi= 529 F7elA
= 21802 wo] o]4ET glon I 243} 7% )

A% A7 2o 154 B9 AFo R Jopd

T
HE]' 1| —

Cockroache, Blattella germanica, Antioxidant, Antibacterial, Crude extract

7AWk AFAFFo] weol WHEEIL QJeH(Chen et
al. 1994, Costa-Neto 2015, Durst and Hanboonsong 2015,
Yen 2015). 53] $79] Z$ol= <F 3,000 A¥FE =

Alg-0 2 3k g1gleH(Zhou 1982). o2 T 100
2ol A on F28 4TL k2 9lov,
A&Hog QA 7153 oz BA3 Ailx B
E5]%H(DeFoliart 1989, 1999, van Huis 1996). ¥}7]2]
Folle A S Aol SRSl 23
T 2] F¥] g At A Wby o] ek A gke] gl
AN 7154 Helekgoz e A A FA T ek
v Sk =(P americana) 71€F BHF] ol ¥]ste] =717}
I A F F b 2 uiele] Sae, 207 e vt
AFol Hlste] Abgo] Bolsted 7154 BA ATFE F
3 ulRle] o]l Mg AL AT Al wep

*Corresponding author. E-mail: kje2864@korea.kr

135



717L .

i

Ry

ATFNME v=HEF(P americana)®] 22| oF8- Al 2.9
kS $lete] ARS 2215 EI8kaL v]=HIE1 (P americana)
7} BHlshs gALEL g A A BAMEA A
F2e w2 7154 T ol o FE sl &
Ao] AejeF AANEHR w|=BIF (P americana)’t ©]-4-o]

Fse FAsas s
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LAY M=
A& el MASIAL Sl vI=HIE (P americana)
2 FETFATLAN Lol o aakgen], =

25~28°C, 7] 12L: 12D, 55 60 + 5% 76| Al
AHE- sl AFSE71E 50x35x35eme] £ of=d
Aol Aol Fo] FHE o] 43 XX E FFIhaL AA
g B3 7158 AR (EE SASATIAE)E AHEA
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2. MASEY
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7] 273 12cem, o] 9em®| 93 Fekag Ao|AE o]
43ted 100t Abeld AL, Hol= 7158 (SA A7) AL
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A ARSI AL, -2 A= T 100708 7 Bl
217 9em A3 FTaE AR A &7z, FIEE
AR FEl o] F7) = HAE AR AE o83y
ZAed.
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o wet QA F AR 1 g5 AFATHA e FH sk
&5 FETl| Y FoEl2R A FE, 5] F
9] oEH| 22 FHkA7]a, 98 ~ 100°C AZ7| 2 el =
2 Wj74A] Axg F Agste] =AW TS AFES)
Aot 23 ARE =S A7) 24 600°Ce] 4L
2 o8 AIZF s 71Ed F i AlFAl e el A Al
22 A7) o & P07 At oAl 2412F
73 7rdste] 2z AEFslal o] 2AFS 3o d o
74 wHESlle AR vk AW Hel Y
FR2 el &7 550~ 600°Col A oAk 7k 3te] WA ~3]
Ay o] 5]fo] Aol wi7hx] A&t 33t B
7tdE A3 g AH 257 °F 200°CE =9
o dAlAIE el A A7l F AR FHw Z A
Fated A ] 3=k (%)s AFESHH
vl o] ofm]| At A2 Ohara®} Ariyosh®] el uwh
g2} £A3t o AR 5goll FF4E 718k homogenizer
(OGAWA SEIKI CO., LTD, JAPAN)Z wm}3j3}e] wulk
F HAEAA 100 mLE A §3le] A1 E2](3,000 rpm,
30 min)gt ¥ AFNE FH3led oIHsId L, o4 10 mL
o sulfasalicylic acid 25 mgs H7}sled 4°Col| A 4A|z¢
ot WA A7 F 9A1EE](50000 rpm, 30 min.)dke]
1]

5
T
KN

=2

Wzl =9 A AL, AANES 045 m membrane filter
2 o3t} AL NS A F 3oy olm| Al A}F

£ 7] (Biochrom 30 + Amino Acid Analyzer, UK)E &
st

A kAl B8 98] AlZ 3 goll chloroform-methanol =
FEFste] s AWA oF 100 mgS 7HAE &
gkx=o]] #3813l IN-KOHethanol 49 4 mLE- 4le] A
H-go] gloj wj7bx] wHAIZ] B 14% BF3-Methanol
SmLE 7hgieh. WA47]1E FAste] 587 80°Cel|A 714
3le] methylester3} 31933, o] 4ol NaCl £3589 3 mL
= 7Fekal, BHA] hexane | mLE 7Fste] E5o] Al F
Alg el $A AAFAL S EF3ke] T4 Na2SO4
T AL 1 mLE vialel AF3 F GC=
et B2 o e} 2.

el

SLA

Model Shimadzu GC-17A
SP TM-2560 capillary column
Column (100 m length x 0.25 mm IL.d. x 0.25 um

film thickness)

Oven temperature 140°C(10 min) — 4°C/min — 240°C(30 min)

Injection temp. 260°C

Detector temp. 260°C

Split ratio 1:100

Detector Flame ionization detector
Injection volume 3 pL
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5. §&SH(DPPH scavenging activity, %) S8

Blois®] Wl 3l DPPHell w3t 4 3o 32
ZAstoict. dAE %] A2 2mLel| 0.1 mM DPPH-&
(dissolved in 99% methanol) 4 mLZE 7}3}3Z, vortex mixing
ated 37°Ce] EAIA 10377 vEEAIZ] F 14,000 rpm
22 3R AL Fd ASAE AgAERF A
(Agilent 8453, USAYE AFE-3le] 517 nmE §3=5 &
A3l el A Age] 52 electron donating ability(EDA%)
= 2qel 33 B3 AR Qe AT AR

o2 o] AES.

6. &7 Y 54

v =7 (Periplaneta americana) %22 3 A4 7
A2 Disc diffusion test®} Radial diffusion assay® 273}
R, g G A AHEE FFE SRS
FPuAEFNA BFEE A2 & 13 o Disc
diffusion test:= Z+7te] FEHE HFY S filter paper
disc(8 mm, Toyo seisakusho., Japan)el] 100 pul S<A17] ¥
FoA 27 el AZRA vk, APE HahilA] &
ool wioFEl A|FTFAS 100 py HE3t] =i, A

Z F5AA filter paper discE vjA|ol] WA F 7}
Zko] 3 A&A 2002 10 ~ 18417k 5t vl <¥3F T paper
disc 2] clear zone A7 (mm)E &A3s}le] 3 A
< vlaak

u| =¥ (P americana) 222 ¥l A3t st 24
A F 22424 3l 5= (Minimum Inhibitory Concentration)
A& ¢l Radial diffusion assayS A-83tdch 24

Z TSB(Tryptic soy broth, Difco, USA) <} A vl %] of] A

woFatel A3 X171 - o831l o™ 50ml tubeol] Hi
oFEl T2 4°C, x 880 goll Al 1037t centrifugedle] pallet

#33 10mM cold sodium phosphate buffer (pH 7.4)=
washing & ¥ bacterial pallet2 5ml2] 5 buffere] et
AAH . AR EFFE=AE o831 620 nmellA ODZH
ZAste] HHEE 4x10°cfumlE ZH3o] "
underlay gel(100mM sodium phosphate bufffer, 1% low
electroendosmosis  agarose, TSB) 10mlell wiofs®
(4 x 10°CFU/mI)S &3}8te] 10 x 10 mm APZHEE) o] Eo] -
o] =3} Underlay gelol] A& 8§ mme] FH-S o] AR
E 55, 200, 49, 8ull, 1681, 3260 E 3] A 3te] 40 uiA
Tl WAL, FEEo] FAEESF 37°CollA 3A17F viek
gk &, 2 9ol overlay gel (TSB, 1% low electroendosmosis
agarose)S F-o] =38l ok 37°Col|l A 1847} F3t wieks}
ATt o] F clear zone®| 7|5 SA38le] t S WL
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Table 1. Strains and growth conditions

Strains Media used Growth conditions
B. subtilis ) .
(KACC 17047) R2A Medium 30°C, 24 h
S. auriaris ) .
(KACC 13252) Corynebacterium agar 37°C, 24 h
ko LB Medium 28°C, 24 h

(KACC 10005)

P aeruginosa
(KACC 10232)

C. albicans
(KACC 30004)

NA (Nutrient agar) 37°C, 24h

YM 25°C, 24h

7. Total RNAS| 22|2} First-Strand ¢DNAEHY

Total RNAYX v| =8} (Periplaneta americana) | 35
AANALZ FAAZ] Aefel A mFg F SV RNA
extraction Kit(Promega)2] HhHel| ule} F-alslgon,
222 50 uL RNase-free waterell elution 3}31c}. Total
RNA %+ 260 nm/280 nm &34%= 7o v|&= AAs}
Ao} E2]3F RNAE oligo-dT primer®} ¢cDNA Synthesis
Kit(Promega)ol] 2|8k SH A} 40HE- PCR(RT-PCR)S &
3] First-Strand ¢cDNAZS- A sleic}.

8. Q-PCR (Real time PCR)

B Aol|A u|=FulF (Periplaneta americana)?] A5
7ol w2 Aks) 3 ezl e] sk v wE 93l
ARE-E e A} AW 2= ExicyclerTM Quantitative
Thermal Block(Bioneer, Korea)S AHE-3lglom], S35 Ak
=2 A% SYBR Greeng AH&-3te] 5431310t Real-
time PCR <& 918+ A primer annealing &=2]
28 9l5le] temperature gradient PCRE- 53 3}3ic}. 2 real-
time PCR-2 F%-& 20 ul& 3}o] 2 x Prime Q-Master mix,
7} 10pmole primer® ZAJ3}9] o, uF-8-Z71 L 94°Cel| A
1057} pre-denaturation*] %] -, denaturation 94°C, 202,
primer annealing 50 ~ 65°C, 202, DNA extension 72°C, 203
Z 40cycles =3835}93 21, o] F melting temperature analysis
S 45~ 94°Col| A 33} TH2°Csec).
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1. O/ =03 4EAL
B Aol AVE-H w|=8F] (Periplaneta americanay= 3t
N FES} FF 25709 &S Eakela 9lem, 14.57
o] ote] F-3hate] oF 67%2 F-IES Holow, 7H7te]
23S 27 04, A7 0.86 mme] =7]E 7HA| 3L Q)T
& 2. 1SS 44 AGEAL TR Slae o



S ZARE AF), 28°Cell A AbeEA 7] 7be] 8
AE A2QEI ARRAI 7R 3585, F3hEo] 14.26%, &
717k 36.62A 17k 2 7MY BEA Q] AR 7} 28°C
2 = AekFE 3). F-33t v|=8F (P americanay= A
717 F 133715 AAEA s ad ).
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Al ﬁ_%]_g_ UJ 0] __]:.9_
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I, AU E F el
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Table 2. Characterization of egges about P. americana

Hatchability Size of Oothecae (mm)
(%)

No. of
emerging

No. of eggs

in Oothecae Long length Short length

145+0.54 67.4+0.19 0.86+0.03 0.40+0.03

21.5+1.00

Table 3. Characterization of Oviposition at different temperatures of
P americana

o L Time of 1 No. of Period of
(°C) Preoviposition . .

aying egg emerging egg
22 2470+1286 9.73+1.78 1487+1.46 87.07+3.92
25 1570£11.95 6.95+£3.94 13.07+3.25 5027+1.55
28 8.00+429 3.58+0.78 1426+1.94 36.62+1.36
32 11.6+£9.78 627+335 12.93+£3.65 34.09+1.55
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americana)®] AWAL e BA AAREE

oleic acid

(C18:1n9¢c)7}F 28.91%, palmitic acid (C16 :0)7} 19.06%=

Table 4. General component of Periplaneta americana

Moisture Inorganic Crude fat  Crude protein
(%) compound (%) (%) (%)
60.11 1.36 1.05 33.49

Table 5. Amino acid composition of Periplaneta americana (%)

Amino acids (%)
Cystine 0.01
Methionine 0.17
Aspartic Acid 0.03
Threonine 0.38
Serine 0.38
Glutamic Acid 0.66
Glycine 1.63
Alanine 1.38
Valine 0.33
Isoleucine 0.15
Leucine 0.33
Tyrosine 0.23
Phenylaanine 0.15
Lysine 0.34
Histidine 0.52
Arginine 1.46
Proline 0.77
Essential amino acid 237
ratio (%) 26.6

9 (10

¢

&ﬂﬁ&fcixt

X

®
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(11) (12) (13) (14) (15) (16)

Fig. 1. Life cycle and size calculation of female and male. Ist to 13th instar of P. americana.
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Table 6. Fatty acid composition of Periplaneta americana (%) £o] 9l A upAake 2 oteyx] g)ch(Harada et al. 2002).
Fatty acid (%) o9} zre] w|FHIF(P. americana)s =< WA FTF
I Ao R TAE AEUBEA ARl T d

Lauric acid (C12:0) 0.28
Myristic acid (C14:0) 1.43 Aoz A=A
Pentadecanoic acid (C15:0) 0.16
Palmitic acid (C16 : 0) 19.06 3. Ol=uty F&=2| st 27
Heptadecanoic acid (C17: 0) 2.71 |5 8\F] (Periplaneta americana) §7371% A 8.2 7 &
Stearic acid (C18: 0) 2.94 v FZE=2] DPPHel| 2|3t free radical Al715& ZHAL
Arachidic acid (C20: 0) 2.38 s, A AN EE T3] AR Al
Heneicosanoic acid (C21 : 0) - AAHDNA, RNA)YS 313, o8] 717 847|558
Behenic acid (C22 : 0) 0.32 Asate] A (G =3he SA3. o] AP A
Lignoceric acid (C24 :0) 0.14 gk 2 gkl Zel 1,1-diphenyl-2-picryl hydrazyl(DPPH)S-
Saturated 29.42 o]-g3le] AA RO A LN wlLed| 2]ste] DPPH
Palmitoleic acid (C16: 1) 2.49 g Zbe| b4 A TS BGATA| 2 =24 3le] 71 H
cis-10-Heptadecenoic acid (C17: 1) - o2 A29 k3 FAL =A3)= vl et} u|ZulF)
Elaidic acid (C18: 1n9t) 341 ZAAZ A B 7F fuE =2F9 DPPH U7 47
Oleic acid (C18: 1n9c) 2891 %2 free radical inhibitor®2A] THETFZ o] 43k Vit.C(0.1%
cis-11-Eicosenoic acid (C20:1) 0.12 ascorbic acid)?} B XS W ZF59} MeOHFZEo||A]
Nervonic acid (C24:1) 0.23 87.46%3} 89.29%Z W58 o]l
Monounsaturated 35.16
Linoleic acid (C18 :2n6c¢) 23.02 4. O|2HF 2220| 5I7 =4
ci‘s-11,1'4-Eic‘osadienoic acid (C20:2) 6.15 n] Zu}2) (Periplaneta americanay= %3 % o wFza
L_m(ﬂemc ac1‘d (C1§ : 3?3) ) 063 (DW) ¥ 2+ §7] 8wl (ethyl acetate, hexan, ethyl ether,
c%s-S,l1,14-E1c.osatr1.en01.c a01.d (C20: 3n6) 0.58 E{OH, McOH)Z 2Zale] 747t 2EZE] AT Q)
cis-11,14,17-Eicosatienoic acid (C20 : 3n3) 0.69 s 51200 Zax ols oxF] p )
Arachidonic acid (C20 : 4n6) 435 = T IS S sl 29 SR P aeruginosa,
E. coli®} 13 ¥l B. subtilis, S. auricularis®} Z 1+
Polyunsaturated 3542
Ql C abbicansS WAL 2 AA|E) disc diffusion test®] 2
71w wFe] Apake z ERIEUHER 6). BFulE] ¢ 3}, ethyl ethers o]-&3te] FE3 2FEF0] Al AHE-
A 7P W S ARk §lE palmitic acid:= 4z B zbzbe) FA|FFol| dste] B subtilis 1.88 £0.40 mm, S,

Table 7. Analysis of DPPH scavenging activity for differential solvents

(Unit: %)
Vit.C DW E.A* E.E* MeOH EOH Hexan
90.11 £ 0.29 87.46 +0.11 3535+ 6.12 59.67+ 791 89.29+ 0.11 42411371 44.68 + 13.02
Vit.C: 0.1% ascorbic acid, E.A: Ethyl acetate, E.E: Ehtyl Ether.
Table 8. Antimicrobial activities of extracts from Periplaneta americana
Clear zone on plate (mm)
DW E.A* E.E* MeOH EOH Hexan

B. subtilis - - 1.88 £ 0.40 - - -
S. auricularis - - 7.78 £0.76 - - -
C. abbicans - - 5.61%+0.57 - - -
P aeruginosa - - 6.44 £ 1.03 - - -
E. coli - - 7.55+0.74 - - -

*Ethyl acetate (E.A), Ethyl ether (E.E).
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Table 9. Results od radial diffusion. MIC(Minimum inhibition concentration) value of extracts from P. americana by Ethyl ether

Clear zone on plate (mm)

Bacteria
Stock 10-1 10-4 10-8 10-16
B. subtilis 0.98 £0.19 - - - -
S. auricularis 2.11+0.29 1.98+0.74 0.91 % 0.08 - -
C. abbicans 439+ 0.49 3.86 £ 0.69 2.34+0.10 0.49£0.18 -
P. aeruginosa 7311042 7.04 £ 1.42 6.00 £ 1.05 482+ 3.64 2.25+0.81

*MIC (Minimum inhibition concentration) value by Radial diffusion assay.
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Fig. 2. PCR and cDNA sequence of the Pa-gst genes. (A) RT-PCR of Pa-gst from P. americana. The cDNAs were synthesized by RT-
PCR. Lane 1 is the PaGST. The amplified products were electrophoresed in a 1.2% agarose gel, stained with ethidium bromide, and
visualized under UV light. Lane M is DNA size markers (100 bp ladder). (B) Nucleotide sequence and predicated amino acid sequences
of partial-gst (Glutathion-S-transferase) and cDNA clones numbers at the left indicate positions of the nucleotide and amino acid.

auricularis 7.78 £ 0.76 mm, P. aeruginosa 6.44 £ 1.03 mm, E.
coli 7.55+0.74mm, C. abbicans 5.61 £0.57 mm<e] clear
zones AN A7 w5 AAE Assh= AS &
Qlslglom (& 8), ©|23t ethyl ether £F252] MICHHS
ZA13)7] $13le] AL2-% radial diffusion assay2] Z3}2=
FE5 YR B, subtilisg 0.98 +0.19 mm #3132
), FEE2] 10 oA S auricularis 0.91 +0.08 mm,
107X P aeruginosa 2.25 +0.81 mm, 104X C. abbicans
0.49+0.18 mme] MICZte] Eel=ATHEE 9).
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u]| =8} (Periplaneta americana)’} 7FA L 3)= 3HAks}
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cloningdtxl @74 d& FAsIATHH 2). AEE GST
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Reverse 3’-TTATTTCATAAATTGTTGCAGGAAAGTCTT
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Fig. 3. PaGST expression profile in the adult body of P
americana by heat-shock. RT samples (Oh) were used as
controls. Total RNA from P americana adult cockroaches
treated with 4°C and 37°C was isolated from hole body at
different time points. Induction and suppression of PaGST in the
P americana bodies was analyzed by qRT-PCR. The B-actin
gene was used as the internal control for qRT-PCR. Relative
mRNA levels of and PaGST during the differential time (4 h) in
37°C and 4°C (nt: not treat, RT: Room temperature).
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