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Prokaryotic expression and expression profiling of calmodulin genes in
mealybug Phenacoccus solenopsis Tinsley (Hemiptera:Pseudococcidae)

LUO Mei, BIN Shu-ying, LIN Jin-tian

(Institute for Management o f Invasive Alien Species,Zhongkai University of Agriculture and

Engineering ,Guangzhou,Guangdong 510225 ,China)

Abstract: [Objective] The research investigated the expression of calmodulin gene in Phenacoccus so-
lenopsis (PsCam) at different developmental stages and its heterologous expression in vitro to improve the
further exploration of its physiological function. [Method] The ORF of PsCam was cloned,the amino acid
sequence was derived,and its structure was analyzed using bioinformatics methods. The prokaryotic expres-
sion vector was constructed before being transformed into E. coli for expression and purification. Its rela-
tive expression levels at different instars were analyzed using real-time PCR. [Result] The amino acid se-
quence indicated that there were two EF-hand domains and 13 Ca’" binding sites but no signal peptide in
the protein of PsCam. The prokaryotic expression vector of pET28a-PsCam was successfully built. The rel-
ative molecular mass of the obtained protein after induced expression was approximately 17 ku. Expression
of PsCam mRNA was observed in different instars of P. solenopsis. The expression in mature females was
the lowest, while the expression in one year old instar larvae was the highest, which was 7.1 times of that
in mature females. [Conclusion) P. solenopsis calmodulin protein was successfully expressed and the ex-

pression levels in different instars were different.
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P Z B Wy (Phenacoccus solenopsis Tinsley)
SmE A OB RE 4k i AL 4B W R (Phe-
nacoccus) » ££ 1 [E YL 51 A A 2E AL, R b 56
U e R T 36 BT B P AR N — A e By 2 B
T B A W AR FR Y T KWL (Solenopsis geminata)
Ht RS % AP R & 56 Y A M DL S R 38
tIIRE =7 I 7N @ B ST A7 5 RN /¥ 8 5L 1 ¢
5 T 2008-06 7R M B AR AE 1k R Bk
P ZJEF 2009-02 TE G AE AR S0
PESEAE YR ENE A H AW 44 5% ) CROLER | 1 K BT A
SURIES 1147 50 5) o $R R A0 I S5 R 0158 L g
fEEMAL RS H 2 K F i E S M EE NS
TEAEW . 1991 4, 78 36 W R 3L AU A E AR AL
2005 4E LRIk, I AL ST 38 | B BT 45 3b A AR AE b e
BMUK S 2 b R AR R L 3 R B K Y 28 5 A
SR e E L R R S AR R W f G U 43 BT 2R
B2 PR TR ] 1 XU e 3 AR O, R 7R KT
o AR DXRI B T e R AR DX RS R R R ik
T X W MR L 2 Be MRy n] ARl fe . R
2010-04-26, FkZ gl & 72 R E 9 4 CAYR XD 1
JrF b DX B T HLAE VLV LT A 3 AR 8 3% .

AL [ (Calmodulin, CaM) 2 7 H 1 T &
MEAZ AR PR 2R TER, BEE T
(Ca® D IZARE A X YA N ZF Ca® 48 1 40
it 3y T R i A 2R R AR A IR VAR XA AT
S A e UK A AR, S S A RO AR £
CaM 24N Ca* 551 Rk i EBAF 55
T F SRR Cat R — R E AL
IV 2SI R N R RE O A = I E - 3 N AW
SUR RS EUR G LFi S B kR YR L N T ReR 2
SOWU P U g A A B AR, CaMdE R 2 D
Ca®' -CaM Z 5 WL XS 50 45 40 i 1 25 Fh %
B AR ST A 2Ok B R X Bk R A R
Cam FEPH (PsCam) 1€ K [7] & B B #7344 b il 46 X
Rk IAT 7007 IF R R TI7 xF PsCam
AT TRSNE SR B Al BTE ik — LR
PsCam WEFI e dE it 5%

I AR A

L1 #emEZERLH
TRZ LB AP RE O TR 2 B A ok A F A
P 5 5 S BT il A PR R AR IR . Uk R A

3 Wi TR 5 R A it T A VR R R S R A T — 70
Cok#, HT PsCam R B e, MIFAZH
SEUOT Oy 1 B A A AR TR R SR I B SR A R
W N 1 4 L 2 W A e I R Y 3 iR 4l K ok
S TC 1 A L VR RV RS DR A T — 70 TCUKAE .,
FAFAFERE PsCam FEFR R IE2ZZ O

RNA $2 a7 & F Qiagen 24 H) ., pMDI18-T
TR .SYBR® Premix Ex Tag™ .DL2000 DNA
Marker.PrimeScript® RT reagent Kit JZ #%5%+ & 4t .
Ex Taqg DNA R & MW T TaKaRa 24w, 4% 2 3
A R e 1] i) & L B2 A5 4 ML BL21 (DE3) I
T TIANGEN 2], pET28a 8 A 5T T R 77
1.2 HREHHE RNA WENMRESR

iz B RINA 4 3B 700 & 0 4 158 D 44 Ik 5% 4
R i G RNAL 28 B IR Bl 558 1 F, Uk 58 A1 3 0ok
BE3 #6000 55 5 4 B8 PrimeScript® RT reagent Kit £
e S R G L] S SR AR 5 — 4 ¢cDNA,
L3 Sl¥eit5am

MR 28 & B W 0F 98 3K 45 1 PsCam J: H ¥
UL BRI F MR, T PsCam 3£ ORF
SOl it 51 Y EF AL ER, ] T 5 A% 3R 35 43 #r 5 [
L83 1 4514 RTE ft RTR, HF PsCam 3£
M FRIBTE BT, BIAE) N8 A M BAR A R ]
B PR 1,

=1 REHAAKPCR5IHM

Table 1 PCR primers used in this study
5|4 Primer %51 (5'—>3") Sequence(5'—>3")
F ATGGCTCATTATTTCAGAG
R TCAATAATAATCTGGAACAG
RTF TTACTCAACTGGGGAGAGCAA
RTR ACTCCATTCAAAGAGACATTGG
EF GAATTCATGGCTCATTATTTCAGAG
ER CTCGAGTCAATAATAATCTGGAACAGG
actin-F GTCCCATCATCAGAGCAGTG

actin-R CATCCCAGTTTCTAACAATACCG

TE:EF #1 ER f31 T R 2638 53 43 51 R EcoR 1 1l Xho 1§ V) {3

i
AN o

Note: Underlined parts of EF and ER sequences are EcoR [ and

Xho | restriction enzyme sites,respectively.

1.4 PsCam BE ORF =&

PLA LA cDNA Syt flg £ 17 PCR 9714 . PCR
VAR Z K :10 X Ex Taqg DNA B4 W 2 W 28 vh ik
5 L (8 Mg ). EFAUZ F 314 (FLR) & 1 al
(10 pmol/L), 2. 5 mmol/L dNTP 4 ,L,Ex Tagq
DNA R4 0. 25 pl. (5 U/pl) i K 68 4l K &
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541 %

50 pL, PCR JZ W2 FF H:94 “CA8HE 3 min; 94 °C
30 s,55 °C 45 5,72 °C 1 min, 35 MEH; fz )5 72 °C
PRI 10 min, 7349 M 10 g/ L U8 W &E I B Tk
il [ 5 0 R Be o B SO 9% 3% 2 pMD18-T
i B AR I A B R A2 S R W AP R DHS o i, 22
BRI CAmp) 701 07 2 . % 88 41 BORC 9 R % 5%
FEIUTURL DNA 38 T JH 3 42 A= W) HARA BR 2wl I )y
e g Z MR 791 T AT A AR B0 i
1.5 BEEREFHMEK pET28a-PsCam BIHE

Ph1o 4 o BH M v B SR A B AR, 514 EF R
ER #t47 PCR ¥4, PCR W& & K. ki 1 pl,
10XEx Taqg DNA R & ) W g2 Ml 5 pl (5
Mg® ), iE [n] M In) 51 4 (EF, ER) £ 1 pL (10
pmol/L),2. 5 mmol/L. ANTP 4 pL,Ex Tag DNA
REW0.25 pL (5 U/pl) K 4l K 2 50 plL,
PCR W # 77 : 94 ‘CAE P 3 min; 94 °C 30 s, 60
°C 455,72 °C 1 min, 35 MEH; )5 72 CLEE 8
min, B PCR ¥ ¥4 7=%), H EcoR | Fil Xho | #47
XUEFY) e 5 1R AR SCEG U] ) pET28a 2% 44 i kr i 17
R, EEYEALE E. coli DHSo W, 0 B
N AR T R G S - TN S o0 YA L
21 B SR pET28a-PsCam #% 4k 31 J& 52 75 40 Jifg
BL21(DE3) H, iz, Pk 5 v B i 4T PCR A& L 4%
FHAERE i 26 T M 0 42 A2 W B A R 2 w0 A
1.6 FHAKHK pET28a-PsCam R RER F ik

ik /): ok R4

¥ 1.6 F % BL21 (DE3) fH 4 v f /£ LB/ Amp

R F 37 CREFRE ODgoe M 0. 6~1.0 B, A

IPTG 2 H KR 1 mmol/L #1755 KA . % Bk
S 1,2.4 A1 8 h R AASEST 8 AR . Xk B2 Y R
B 4T 150 g/L SDS-PAGE HL 3K K I, I XF 25
FHiFfTalifb ., 8 1 alifh 3% B NENTA 4l fb 350 & 1t
WA, K Al Ak 7 ¥ 43 W W B 10 50 %, BEAT
150 g/L 1) SDS-PAGE HL Ik Kl
1.7 PsCam BERBRIEILESH

LLactin B (G 0L DAE RN S, R A
ST E i PCR Jr kil PsCam #E R[] B (1)
Fikik, JOtE s PCR R 25 pl A& . 12.5 pl.
SYBR #liE# .10 pmol/L ) b FiF51 94 1 pL,
cDNA B 1 pL KEBEAK 9.5 pL RS R &L
BEAREME A 3 ., PCR M &4 K :95 C s
PE 10 min, 3225 #4740 NG R 816 2% P
#::95 °C 15 5,60 °C 1 min; 1 MR M #FES .95 C
15 5,60 °C 1 min, 95 °C 15 s, PCR ffi F 91X &% K
Bio-Rad A w1 1Q5. 2 45 oI W 86116 2 15 {F (Cr
{ED R 272 kU AT B S #r
2 R 550r
2.1 PsCam EHE ORF H5Ehg

PsCam ) ORF K h 447 bp, 4ifi% 148 4
LR . HAEZ AT SignalP 4. 0 43 # PsCam 24 2L 1R
J¥ 9055 BRBT YT 8 25 3 R i 8 DR {5 5 IR
DRe A B i ZE H A 2 4 EF-hand 545 5 45
M (E DA 13 4 Ca*" 45617 &, ] Protparam
T H NI KL Y 2 5% 2 1 Y 4 o R AT TN, 45 2R
R HAFFE R 17 392.9 u.

| [ATGJGCTCATTATTTCAGAGAAGALGAC ATC GATGAATTTC GTGAATGTITT TATCTTTTT
M AH Y F REIETDTIDTETFTERTETCFTYLF
61  GCACGTAMCGOTCAMTTC GALCTCTGHAC GALCTTAC GOTTATAATGAGATC ATTGGEE
AR NG QI RTLDETLTV VI MRSLEG
121 ATGAGTCCTACTATT TTTGAGTTCAAGALATACCTC AL GAALGAMATG CAMAMATALCT
MSPTIFETLTEKTEKTYTLIETETERDNGEKTIT
181 TITCCAGAATTTCTGAALGTAMTGCATACTC ATAGTCAAGTTGAMMMACTACCEALAGAL
FPETFLE KT VMHTHS QVETEKTLTPEKE
241 GTTBTTGACGCATTTAAAGCAAGTEATAGE GATAAL AATGEATTGATATC ATCTAAACAT
V VD AFKAGSDS DKUNGTLTIS SKH
301 CTTCGACATTTGTTACTCAACTGGGEAGAGCALCTAMGTC AL GEALGTTGATC ALATT
LR HLL LUNWOGEQULS SGKTE VD QI
361 TTC COTGAMGCCAATETCTCTTTGAATGHAGTTGTTAAGTATGAMSATTTC GTC AL ALTT
FREANT VS SL NG VV KYE D F V KI
421 GCTTGCGCCCCTGTTCCAGATTATTATIGA

A C A P V P D)Y Y ¢
¥ 1 PsCam ORF J7 5 KA 7 09 2 ZE 82 7 51 e 11k
SR AE 43 AR F 4R B Y F AL R B T 355 0 O EF-hand 4545 & 4544 358
Fig.1 Characteristics of ORF and derived protein sequence of PsCam

Solid line boxes show initiation codon and stop codon. Brackets show the EF-hand calcium-binding domain profiles
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2.2 BERIEHMEK pET28a-PsCam HIEE

X £ ik K pET28a-PsCam #47 PCR XK 5E . 25
RARAT T 29 480 bp (9 7 B (I 2) . 5 WU 45 SRARAT
Fak AR pET28a-PsCam [l J7* &5 5 % W1 . 411 5 il
YIS0 459 bp 1 R BEE 4 i Uy i B & pET28a
FIRBBIK
2.3 RiZFREEME pET28a-PsCam B F R IX

WE AR (8 3D KB HAWAE 17 ku 4 A B
B0 R P Al 7 AR L T R A A A S B S R
TEAR N AL R B0 5 Pk A5 HEDN 17 ku (9 Rk
YN H R B . NIEL 3 B R DUA L BEE
B () A SR K B T A SRR R K,

MNP 4 ] DU L 4l A 4k 58 45 8 i ) 55 0 2
SR 17 ku, X 5 RIB A S5 R — B UEW]
AlG E AR TARERE IR RA A .

M 1 2 3 4 S

26 ku

17 ku

B 3 4 EMASEH pET28a-PsCam 5 S ik
M. # 1 Marker; 1. pET28a 28 K% S =¥ ;
2~5. 4%k pET28a-PsCam i 5 1.2.4 1 8 h /=4
Fig. 3

M. Protein marker; 1. Expression product of empty

Induced expression of pET28a-PsCam

vector pET28a;2—5. Induced products of
pET28a-PsCam at 1,2,4,and 8 h

2.4 PsCam BEREBFRIEIE S

LAk 58 45 43 W 2 E IR Y PsCam mRNA 5
T HEEUE A HOR R S ) PsCam mRNA 5 & #E 47
M AR LK 5.

oo
1

(=)
T

[\
T

:W. ﬂﬂr‘w

Y9 Egg 184 284m 3#4m pu R
Istinstar 2ndinstar 3rdinstar Mature
larvae larvae larvae female

WA Stage
K5 AR ESEZERY PsCam mRNA B F£ikig

Fig. 5 Relative expression levels of PsCam mRNA

PsCam mRNAA X 32 ik B

PsCam relative expression
S~
T

(=}

in different states of Phenacoccus solenopsis

2 kSR W 55 8 2R 1 RO R 3k i Yy PCR %5
M. DNA Marker; 1,2, JFE 3£k 8k
pET28a-PsCam PCR ;=¥
Fig. 2 PCR detection of constructed prokaryotic
expression vector of PsCAM
M. DNA Marker;1.2. PCR products of prokaryotic

expression vector pET28a-PsCam

M 1 2 B 4

26 ku

17 ku

K4 HRFGBEHEH pET28a-PsCam ) SDS-PAGE 43t
M. % 1 Marker. 1. pET28a 75 S K% 5 /=1 2. SiLATHY
FAHE M 3~4. 23 s b5 10,50 M EHE N

Fig. 4 SDS-PAGE analysis of reconstructed pET28a-PsCam

M. Protein Marker;1. Induced product of empty vector pET28a;
2. pET28a-PsCam before purification;3—4. pET28a-PsCam

diluted for 10 and 50 times after purification, respectively
5 AJ 5, PsCam mRNA 78[5 SR 44
Py iy v B3R (AR 1% &)y b R O 3 i
o R HRAE R g 71 2 W g g 3 iR A U
A A AR 2 2 HE U 2. 9 A ZE A B Y
RS 2k ek 2 AU ME L 1. 54 %5 PsCam mRNA
T JI S H R ) 2 0K e R IR

31 ®

AR RT-PCR (4 )5 i 5 fE 1 PsCam J
i) ORF ., 25387 . PsCAM B B2 7 51 7 5 Bk 57 U
LSRR A5 5 K, AT 2 4 EF-hand 45
ghEAGEM IR, 4 F R R R 17 392. 9 u, EF-hand i
BN 2 AL E R, BN R T 2 ) AT LA
Y538, EF F 2 00 oR HOE ) B R R . 4
T4 445 8 B A LLS S EF-hand 989 & kB
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ARAE S R O e RS . AR ETE AR R
KA 5 E A B A 2 A EF-hand, JE 2 W] )2
7 ELAT IE 1) By [ 2800 B JHG G Ao 532 o 2% SR A A B R
s 5 Z ik — AR5

CaM 0] DL AR Z A [F] 19 3 1 IR 45 & - AT 52
AL TIRE . FSI RS 50 0 A i Sh A A A
A 20 T UL VA N B A A
AR A 8 W45 o 5 A I 5 O B 85 9 3% AT LA 4
MR N KA D RE  HE A BES 5 BT mRNA B 57 ] i
PR R G R IIRe R . 8 BT A 1S
ﬁ%%%%*mi%%“gfﬁﬂﬁg%ﬂ?ﬁA
B A S R RE S A 85 B 1 (H AT RUR] A I = AR
b SN 2 N 515 T4y 7 . PsCam mRNA 1
Tk 2 4 by W A T SR 2 R AR A SR RLTE A A IR AR Y
RIKA 25 FECAME R ) R AR R AR AR 1 i
2Jy i 3R 3k B R &NME%711 PsCam
SN REI A B —  HEAR I RE e A fr it — 2 05T

$ﬁ%ﬁ%ﬂﬁ&%%“%%ﬁ%HﬁTT%
Ve SR (A S S R VT K I G -4 S PO RS
S0 B I A K T B A B2 O HE— P B
T 1 K SR A g v B 1 B SR
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