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i E [BH] AU ERRIEEE AT & 2XEE/NE Blattella germanica I % H & bR % IR IR
AT RAE ARSI, A N TR R BT A AR S R [ AR ] BEEEATR S RN 5%, 25%. 45%
F 65 % 1 VR AR [ /NS, R FH 58 053 D601 B ok 0 A [ 28 11 o 5 R ol 71 /) i e 4T 0 A
( Superoxide dismutase, SOD ) &M FIN 1 5 & A2 ;. FIH RT-PCR W& IRIR AALAG . IREERM . JK
PETRT . RIS LA B Ay S R £ I DR AR b et [ 6 5R ] BB VRN 45 %28 11 5 VAR A 88 ]/ N e A 1
HRPY SOD 7 M 3 5 FHCE RN 5% . 25%M1 65%2E R IERL ( P<0.05), [HEEEIN 5%, 25%F 65%
B TR 0 72 R /N A B LR Y SOD i 1 25 52 R 3% (P>0.05 ) BUE NN 65% 2K A T AE ARk F 72 1 /)N e
FETERIAR, SOD &R R AR R ek e (IR, MR RS & i OR R . IRYEFR G . IRl
A BN & S Rk i demi o [ S50 ] o 1 B /NI A AR IR IR, 3o vos R IR PT-S S507 Fl/ N ee
AALREST TRE, AR RRRR

KR TEEV/NGE; BT R YU IRIR ST P

Effects of dietary protein content on oxidative stressand uric acid
decomposition in Blattella germanica (Blattaria: Blattellidae)

ZHANG Bi-Yao~ CHEN Jian-Hua LUO Xian-Mei WANG Guo-Hong "

(College of Life Sciences, Fujian Normal University, Provincial University Key Laboratory of Cellular Stress Response

and Metabolic Regulation, College of Life Sciences, Fuzhou 350108, China)

Abstract [Objectives] To investigate effects of diet protein content on oxidative stress and uric acid decomposition
pathways in the German cockroach (Blattella germanica), thereby providing a theoretical basis for the development of novel
cockroach baits. [Methods] German cockroaches were randomly assigned to one of four treatment groups which were fed
diets with a protein content of either 5%, 25%, 45% or 65%. Ultraviolet spectrophotometry was then used to determine the
superoxide dismutase activity and malondialdehyde content of each treatment group. In addition, RT-PCR was used to
determine the gene expression levels of the urate oxidase, allantoinase, allantoidase, urease, and glutamine synthesis enzyme,
genes. [Results] Superoxide dismutase activity in adult males fed the 45% protein diet was significantly higher than that of
those fed the 5%, 25% and 65% protein diets, but was not significantly different to that of larvae fed the 5%, 25% and 65%
protein diets P<0.05 . There was no significant difference in SOD activity between male and female cockroaches ( P>0.05 ) .
Cockroaches fed the 65% protein diet had the lowest survival rate, the lowest SOD activity and urate oxidase gene expression,
but the highest in vivo malondialdehyde content and allantoidase, urease and glutamine synthase gene expression. [Conclusion]
German cockroaches store uric acid under high protein conditions, which can reduce their antioxidant capacity and survival rate.
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EHRMERET M AEmSEYh RS =R
RE®, KirREHERAERKR AT SHEY
PR E RS IEAMHIE (Fischer and Fidler, 2000, 5
SCISE, 2013 ), — & w . ERERARYN,
AU R B AERAETLS, WRAHE K
Malacosoma disstria ( Despland and Nosewprthy,
2006 ), FRIM, —LLfF 5% R FAEY) A & wEAT
IR 2 [k &L Trialeurodes vaporariorum 5 HU7F
TERFHR N, DU B Bemisia tabaci (1)
HRKAE IR EM (Blua and Toscano, 1994;
Bethke et al.,2010 ), It4h, Casey il Raupp( 1999 )
PIBFFESS SRR, A A S B R A S el
1% Sephanitis pyrioides /73 % | 4K & & fE AL
AT ELW, ERER T ESNAFER, BR
MR E DN . ARG R e . U R | AT
AR IR, AR | WG /NI U
B RE R B R 35 4 5 (Jauset et al., 2000;
FAIREE, 2014 ), SRTTER /AT 5T 2 B U =
AP HAE BRI AEAE AR, ANTE AL Wi
Nauphoeta cinerea. K 3# 7 i Spodoptera eridania
/N Blattella germanica (L.)P A4 i
R P B I e Bl A DR L B S e R
[% ( Karowe and Martin, 1989; Raubenheimer and
Jones, 2006; South et al., 2011), FHEHKE
W2 S B LR % Manduca sexta 14 P 1fiL itk B
TS 2 1Y) T % ( Thompson and Redak, 2000 ),
A EE A G B ARG s, Wi L
RAHEFANIY . 5 (2007 ) 5T R
SR A N B A Al S PR BE R R AR IR R I [R] S
KE TG,

5[] /]\ij Blattella germanica (L.), 3 & 2 W
H Blattaria # ¥R} Bladerdae /NiiJE Blattella,
JE— U N i B ) T F A ( Nasirian,
2017 )o  HHIR T 78 = /N A 5 2R th e TS
] /NI (%) 25 W 258 S 24 PEAILAR , X7 /N ek
EFRRED (AW, 2015; FEOE,
2018 ), AN D EMIFRE T H A TR KL
EWTEE/NRAERK LT | Far . AL
HUR N A BE PR Y52 ( Hamilton and Schal,
1988 ; Raubenheimer and Jones, 2006 ; South et al.,
2011; Mullins, 2015 ), FE[E/INge™ A= 1 JRIRTE

PRIRE AL ( Urate oxidase ) AY/E T #A ALK
PR¥ER, Ik — P AEIRPEZR B ( Allantoinase ) [
VEF T MK IRIE SR BERR ; B, IREFRTE IR %
i ( Allantoicase ) FIMEFH T, KMEMURE ; JK
FtE AN b ) & B AN M, F7E 5 ol 240 Rk
KA ( Urease ) YERI MBI Ait—H 5%
R 1 A E N A B Glutamine synthetase )
o L EERI S E B ( Patifio-Navarrete et al.,
2014 ), P, FRATHEN 65%H 5 F 1 /N
S FEAE PR IR , Tiasd /&0 A9 PR R 5 S LA A T A
WORAS o B RO TR 2 e 0T ] /) g e ol
HAE B ) R PR T A I3 [ T 5 A R .
I, AT S AN [F) &5 2 2 B kL, B
FEAN IR AR 5 5 a1 PR AR %o 7 ] /N e b 4k g
73, IO E PRIR 53 80 (2 v PRI B ALl . IRER
fitg . PRYEFRME . 4 2 e & Bl FDR B 5 A2 P
(2R 5K, SRR/ N i 2R AR 1 I 4 it
pLiifroe 2

1 MRERE

11 HBAFSHMES

FiEok 2584 (2019 ) A7 ke 35 7 /) Vg
THRHED J5 1 W Hamilton %5 (11990 ), By ski%
DLBRIHSESE (2019 ).

12 RERAASMF

TransZol Up Plus RNA Kit Ity it 5t a4
Y AR AR/ F] | Hifair® 1 1st Strand cDNA
Synthesis SuperMix for qPCR ( gDNA digester
plus ) 14 H LA YR A RS . Regular
Agarose G-10 W HVGHESA biowest #1105
FastStart Universal SYBR® Green Master ( Rox )
I H 2L E Roche Diagnostics /A H] ., Dream Taq
Green PCR Master Mix ( 2x ) 14 | 32 [E Applied
Biosystems 2\ Fl .

W38 PCR fX ( Gene Company Limited J&[A]
ARRAFE] ), LR E 8 PCR X (7300 £, 3
[ Applied Biosystems /A F] ). JS-680B [ st/
BAEAL ( B ERHECA AR ). Ik (4
Wi S—ANER) ) Ml Thermo MR /EIEE T

( 22[# Applied Biosystems A ] ),
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13 HFigENNE

P T A 32 T B A S 5 A B[]
K, MERTETCHEREY, 25 ARG INTE, X
DIGRAERE AR —0PE | AR SCRERREEAE BT
X G VIHFBR IS TE R O W o 4 10 K WIRIAL R
7152 ] /NI e ORI LSS A 1 g AR Y K
& (240 mm x 140 mm X 95 mm ), 1 g {HR
BN 5% . 25%. 45%F1 65%FEH L, LA
TAANFRN 5% . 25% . 45%F1 65%H T4 .
S B 1A /N, R & E IR LAk
WA A 12 WIRGY . g AR R Lk
24 h ( HEgfk), B0 MER 3 K, BRE
A SRR /NIRRT AR, B2 65% R M BT 2H A A
HAaseT, W E TRER (2621) °C, Ot
JEIA R 121« 12D WOLRREE A R T,
TEGH = 188 B8 x 100%.

14 BSWHERS&E

FEICE 21 d ASTR)ER BT P ARk 74 1 ] /) e e
WHZYURAE L 24 h J5, BB, RFELERR
H, Rk h TR (g) 5B (mL) AL
B2 1 108G, KRS, BT 8000g, 4 C
B0 10 min, B EJERRN; R EEEE 5 IR

15 BEAYEXBEETIR_BEENE

H A ALY B AL ( Superoxide dismutase,
SOD ) 71 — ( Malondialdehyde, MDA )
B PR R N RS A= B R A R\ i A= 7
BRI & (9054398 SOD-2-Y Al MDA-2-Y )
M
1.6 2 RNA BJIRE

R RER R ATORE Y ESPANL i 9 R Y GBS iy

¥rarh ( HA% 50 mm, 15 250 mm ), 29
Bl 5%, 25%. 45%F1 65% 1R 2L iR
21 dJEYlk 24 h, Bk, BAH, FIH®R
RN AT HLBHE, MR TransZol Up Plus
RNA Kit $#2HUE RNA, A4 5 MREA

1.7 R¥EFRHAH cDNA F—

#% Hifair® II 1st Strand cDNA Synthesis
SuperMix for gPCR ( gDNA digester plus ) BBl
PR R 1 FARR 2, BARPRINT .

(1) JWiRZ 1. 5xg DNA digester Buffer
2 uL; g DNA digester 1 uL; & RNA 2 ng; Jll
RNase free ddH,O % 10 pL,

(2)R%), 42 CE.L 2 min, JUH 5 E TIK
A

(3) JMifRZR 2. K% 110 pL; 2 x Hifair®
I SuperMix plus 10 pL;

(4)IR5], BL . B HE T PCR AU, 25 C

(5min) —42 C (30 min) —85 C (5 min)
— - 20 CLAAFEH

1.8 ELHIWEHER PCR

PRIREACH . IREER T . IREEFRIG . 75 2 Wt
JHie 5 1L it R DK il 1 5 40 4 DL 3R 1 ( Patifio-
Navarrete et al., 2014 ), WK% : SYBR®
Premix Ex TaqT (2x ) 10 uL, PCR [~ FiiE5|
¥ (10 pmol' L") % 0.6 uL, cDNA ##z 1 pL,
KINZE 20 pLo WS ECH: 95 C, 30s 1 M
¥; 95 °C 30, 55 °C 30s, 72 C 30540
E¥; 95 °C 155, 55 'C 1min, 95 C 155,
60 ‘C 15s 2l . BAFREE 3 1R
Lo RJH Ct HbEink (2725 1 ) X SEue 4 kAT
A A 7 b A

®1 IHKHKEERPCRIIMFS, FIBARKERBNERE

Tablel Real-timePCR primer sequences, amplified fragment length and annealing temperature

54 S5 5'-3

Primer

Primer sequence 5'-3'

HBAREE (bp) BKiRE (C)
Fragment length (bp) Annealing temperature ("C)

Urate oxidase-f
Urate oxidase -r

Allantoinase-f

5'-TCTGACAGCAGAAACCTGTCACCA-3'

5'-AAATCATTGGTGGGCTTCGTGGTC-3' 98 55
5'"TCACGTCTGGCAACGTTCTGTACT-3'

125 55
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43R 1 (Table 1 continued)

S5 5'-3

Primer sequence 5'-3’

519

Primer

H B (bp) BKiRE (C)
Fragment length (bp) Annealing temperature ('C)

Allantoinase-r

5'-GCTGCCCAAAGACGTTCCTTGTTT-3'

Allantoicase-f 5'-GGAATTATGCACCTCGCTTCTCTC-3' 88 55
Allantoicase-r 5'-CACTCCCTATTCTACTGTTCCGAC-3'
Glutamine synthetase-f 5'-TACAAAGATCCATTCAGGCCA-3' 100 55

Glutamine synthetase-r

5'-CACGTATGCCTTTGATTTGTGG-3'

Actin-f 5'-GCTCCAGAGGAACACCCAAT-3' 182 55
Actin-r 5'-GTCACCAGAGTCCAGCACAA-3’
Elongation factor EF-Tu-f 5'-AAGGAAGAAGGAGGACGACACACT-3' 159 55

Elongation factor EF-Tu-r
Urease-f

Urease-r

5'-TAGGCTGATGCAATTCCACCTCCA-3’
5'-GTCCAGCAACTGGAACTATAGCCA-3’

165 55

5'-CCTCCTGCACCTGCTTCTATTTGT-3'

19 HEHLESSH

S E G LI Y E £ bR iR RN, R
SPSS 22.0 A% £ HE 21 7 B R 3 5 22( One-way
ANOVA ) Z3#r#ll Dancan’s £ H#, P<0.05
FREFBE,

2 GREHSH

21 ARAEARSEEMTEER/NEESR RE

R

Wi 5 ] WL ST (1) F 2 8 ] /) g e ol e A7 T
RBE A TR R T A T R N R
65% M T TE 25 d B, FAIEHR A 20%, 36d
IHAEBAET . 21 d J& 65%% A RALAE IS R B %
fiR( P<0.05 ), Rt 2 J5 SC B kb 3 (] 24740 28 21 d,
45%3F 205 FE/NBRAE 21 d IFFETS R AT 3k 80%,
HAE 35 d BIAATE R T RES] 50%, 5 5%H1 25%%K
HEd 2T RE (E1).

22 AREFHREEEMXEE/NFESR R
SHENHF M

B AR (5 & 2 MRS, A ] /)N e e
BCRARPY SOD 125 5 B 3 (F=13.12; df=3,8;
P=0.002) (& 2: A), fEE/NERAARN SOD
i 5 AL R B B Y e A TR R R
S TSN 45% 1 2R 1 0 PEARH 174 58 ] /) i e

100
90
80
70
60
50
40
30
20
10 -

0 1

HIER (%) Survival rate (%)

1 Il

1
0 7 14 21 28 35
fflE] (d) Time (d)

E1 HEARZEARSEMERY
EE/INEREE Y R TR R
Fig. 1 Effectsof protein contents on survival
rate of Blattella germanica adult male

K bR A R/ ING g2 7 []— I ) AS ) 25 1 5
SR RFEZES (P<0.05, Duncan’s ZIALK ),
Data are mean + SE. Different lowercase letters indicate
significant differences between different protein
groups at the same time at 0.05 level by
Duncan’s multiple range test.

AR SOD TP 2 5 THCE I 5% . 25%
H1 65%E F SR, HIEIRIN 5%. 25%F0
65% 2 1 ST PERH %) 7 ] /N g A Jl L AR ) SOD {if
PESARE (F=13.12; df=3,8; P=0.002) (¥l
2: A), FEE/NEEAN MDA &85 SOD %%
AR, BUET AN 65% 25 1A o P Ak (%) 1 ] /)N e
IR HL AR DY MDA 55 2 83 = T ECER N 25% .
5% 45%8E H R R (F=25.42; df=3.8;
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P=0.001 ), 45%%E H it 4] H & ) MDA & i 5 AIK, 1Ry, ] NI PR R AR AL I S TR 1 TR T A
5% 25%8 H 4L AR MDA 7 &0 3 2% BOOTERM 5% . 25%F1 45% [ B R o) 7 ]
5 (P>0.05) (K 2: B), JINUER A R R TR SR AL B R DR ) ek T I 3 2

A 00 O ‘/‘% -
23 FEEERSEREE R EE MR AR /j\;%ﬁz B g?%iﬁé@ﬁ%?ﬁfﬁi%i
B4 fRiE IR E E A R BRI (F=6 }58_ d=3.8: P=0.015) ‘

M 3 (A) wIAL, BEEMEE A& 2T Bt R S A B e, PR
0.22 ¢ 0.025
. 020 A - B
o2 _ 018} S 0020} I
w37, 0.16} a £8 b b
BEE 014t ! EERYI ‘ c
250 012} : Y e
33 2 0107 b b =S g 0010
o 55 008 3 s E
858735 006f -
Q& 0041 T 2 0.005
0.02 + ey =
oLL— - : - oLl ' :
5 25 45 65 25 45 65
HRIEHFEE (%) Dietary protein content (%) 'ﬂﬂﬁ H & & (%) Dietary protein content (%)

E 2 AEZEBREEMNERREE/NRER R W8 R IE
Fig. 2 Effects of feedswith different contentsfor the antioxidant capacity of Blattella germanica adult male
A.SOD Fgifitk; B. WS &, H BARA A FV/ING FRERR R R B & ]
fEfE i EES (P<0.05, Duncan’s ZHH ). &l 3 [,

A. The activity of SOD; B. The content of MDA. Histograms with different lowercase letters indicate significant
differences between different protein levels (P < 0.05, Duncan’s multiple range test ). The same as Fig. 3.

8 %
> [5] ]
g 2107A - 6B 225/ C a
* § o sl ) 2
%gs «§ 3 X § 20
28 RZ 41 RZ sl
% & o 8 3l = § '
S84 g E & 10|
5 5 .
<l 2o 2 29 |
S0 B2 o e o
ﬁ% 2 5 25 45 65 i 8 5 25 45 65 kg 5 25 45 65
5 TRERRERE (%) < TRERRER (%) 2 TERERRER (%)
Dietary protein content (%) Dietary protein content (%) Dietary protein content (%)
I
835D ﬁg 35 E
02 3.0} w8 83.0f
K §a2s| B 325}
K220t & 5520
%QLS R 9'z15¢
25 10f &g £1.0t
E 2 05] =S 5ost
E 0 E5 o
P &
45 , 45
&

’fﬂﬂ% Eliﬁ“ﬁ ( % ’iﬁﬂ%fﬂ)ﬁﬁﬁ ( %

Dietary protein content (%) Dietary protein content (%)
E 3 ARZEBREEELER/NREEN B R 8 EEE mRNA Rix

Fig. 3 Effects of different protein contens on the expression of uric acid breakdown pathway
gene mRNA in Blattella germanica adult male

A. ; B. ; C. ; D. ; E.
A. Urate oxidase; B. Allantoinase; C. Allantoicase; D. Urease; E. Glutamine synthetase.
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IR e PR R . PRAEFR TG . DRI NS e
FERFRIBIKE 52 B H, BB 65%5 M
JO R ARk A A 6] /) Wil e PR R R R I S T
HE 3 MabFg (F=7.81; df=3,8; P=0.009 ),
HHE 3 400 R $E R F PR Rk T 1 25 M52 i
(P>0.05 ),

Bl 2 PR R AR I 1 B S T, AR/
Mg S PR A TR il R Rl ) ek A R
65% 8 H T4 R BRI N KA i, B
T 5% 45%HE A4 (F=7.14; df=3, 8;
P=0.012), A5 25%EHAHALZ R AR E . 5%.
25%F1 45% [ 5t 2H 7] bR 4 R il B PR i 3R 38T
WEMEZES (P>0.05) (F3: B-E),

Bl 2 PEARL R AR I 1 B S, PR/
WA e o PR P TR P 28 LA A 65%3R
A IREE L R Y Rk B =T 25% & H R
H (F=13.77; df=3, 8; P=0.02), {H5 45%%&
FRA T &2 (P>0.05), HIHE =41k
M IREEEE P Rk 22 AR (P>0.05 ),

Bt PR S IR 1 BT e R TE DD
W o8 MR A A O P 5 S g PR 1) R Gk B A
R 65%E [ T4 4 2 e R A BB R 19 R 38
KV L (F=7.14; df=3,8; P=0.12), HIH
B AR B A R R A 2 R A
# (P>0.05).

3 itig

TR E AR SRR AR AR A
R YE PSS e & Prig e ibp ) P i
B A K B A, (o s R B 2
i AR 71 $H( Brunner et al., 2014; Roger et al.,
2016 ). CAMIFERM, B ARG 0] IR
FIT & & A 3 nmi4e 4 (Pirk et al., 2010;
Dussutour et al., 2012; Rho and Lee, 2016 ), 4
AWF 5T v 8 ] /)N Wi 8 A3 AR 2 B B
B BT B 1Y TH e T4 R, HED X T S
THER & ZUE D AR A G

SOD & H 21 ROS YA LI R SE, +F
S e R B i o SR R A R R
SOD nJBjj Ik ¥ 3E H 319~ 4: ( Zhang et al.,

2015 ), MDA 255 B EALVE ™=, 24
YRR RS Z W EZAE PR Z —(Rael et al.,
2004; Mengetal., 2009). AMF5ERH, HEE
FH 5 25 i i S R IR S /N SOD 1 PE T MDA
Frhr . EE/NEIR NI SOD J5PEREE HER R
Eligeos APy =E =V eva = =1 IMiOF SE N
(2007 ) BYMFFRRI, RIERM SOD i PEREE
PR AR 11 BT 2 A T R 2RI gt e
YA B, BlanERg . (Pha S,
2017 ), PrgERRE G fa . mEchBfagifa (3R
FESE, 2016; TRIEFISE, 2019) f&H SOD ihtk
o B )RR 1 T T R BT R S R
faH, [H)& MDA & s AIBERLE 5 T
BTG TR 1 X — 25 5 09 JE R AT BE
ST /NI R TR v R B RS R
ARG, NI S i = A= BT 5 Y SOD 1
PG bRt 2 i A BT B 1, DTS bR i 1 A
Fid BRI =) MDA, SR, 4 RS
AT R BT 32 )5, AR SOD & PRI,
R A HEERE TR, FEUMDA SRR, A
FF 5T 245 5 & B Rl /NI TR 45% 26 279 SOD i
PEfEr, T 65%8E LAY SOD JEPERAR, 45%
HEHAR MDA Fitifik, 65%H 41 MDA
RN, K F B R /N T AR AZ 1
e R 1 B e 45%, Wit 45% 5 S
J&, MUA SOD TG HEREAR, MDA & &, il
i ] /) e PR 8 A ot 1 R 1 BT A e e T R
M2, A/ INRATS TR A7 PRI DT 57| A A8 A 0 38
RO (5REESESE, 2019 ),

PRIREACHS . IREER G . PREEFRIG . KA1
A 28 ot B G 1L T R L /N W DR TR i 3 it 1) o
Ffif ( Patifio-Navarrete et al., 2014 ), 4 RERS
i3 [ S BT R | R PR U 2K IO X BLAAR
FEREFEEN . AR RV E HEE A SRR
i, IRIRAALEER A EA T REH, Patifio-
Navarrete % (2014 ) [URFFEEITE 0%H1 5%%E
F1 R AR r 7 ] /) il PR R 4 b il PR R ik B 2 1
A, TTAE 50% 11 5T PE ARk r ] /N e PR i A A i
T, XSRS R AT PR IRE AL
il A5 PRI 3 B PR AR 1 B 15 T AT X R
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/N B A BB VR R 1 ) VAR B, PR PR foe B
A, WE &R AR, 1 22 A DL RIR
T SAEAEAEMR M ( Cochran, 1985 ; Lopez- Sanchez
etal.,2009; Sabree et al., 2009 ). 5K F3E4E( 2019 )
PR R A TR & 65% 2K 11 JoT P ARk ) 4
FE /NI i 90K 2L R R R 5 W S 2 DR AR 1
2= 5| A0 I 5 6 A0 AL A SR Ak I IR I A

(Botell et al., 1985 )., Botell % ( 1985 ) 7 i
T A IR R & B M A 1 & 7 45 1k L A7 0%
WAL, EIRYERMG . PREEMRMG . IR LA 2
e e 5 A Tl 1) Ak ¥ A LA # . Patifio-
Navarrete % (2014 ) WM LE R RHE AT &
AR N 2 R BOH IR R o0 fiff 3k R ik & B
EARAL, IR HEN R 2 i g A DALy (3R
ik, I HnT BEAFAE LA AT (0 38 B R

i LR, B ERA SRR, S

B /N P 7T SR BT SR AR RE T R I, 7 65%3E 1
B/ INGADTERB AL IR IR . T PRIREF L 22
137 AN I N TR E VAU SRS S 5 28
SCPE R /e B B R AR 0 e A 2
R A BRIEBR AT AL N 08 BRI ST s, R
FE T )R KT AE A X 8 el /) e e o, 4
PRIV B R A fe 0 B (52, 5 245 SR T A F
— A AT A N X AN () 7K S 2 1S5 A L
il 25 S A
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