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ABSTRACT: Phenoloxidase (PO) is an important enzyme in insect life, which is involved in important physical functions, such as defensive encapsulation

and melanization of foreign organisms and wound healing. In this study, we obtained a cDNA sequence of 2838 bp with 2049 open reading frames encod-

ing 682 amino acids. The protein sequence deduced from the cDNA has high homology with the known PPO1 sequences of other lepidopterous insects.

There were three conserved regions, including the two copper-binding sites characteristic of arthropod PPOs. The whole PxPPOI DNA was also obtained

with 7202 bp when the five fragments were stitched together and the overlapping sequences were deleted. The PxPPOI DNA consists of 11 introns and

12 exons, and the homology is 99.9% when the exons are compared with the above cDNA. Moreover, the gene expression levels were also determined by

semiquantitative polymerase chain reaction (PCR), Western blotting, and real-time quantitative PCR; the results indicated that PxPPOI transcripts in the

eggs and the fourth instar larvae were more abundant, followed by the second and the third instar larvae, prepupae, and pupa.
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Introduction
Phenoloxidase (PO) (EC 1.14.18.1) is a copper oxidase that
catalyzes two distinct reactions of melanin synthesis—the
hydroxylation of monophenol and the oxidation of o-diphenol
to the corresponding o-quinone.? O-quinones are subse-
quently converted to melanin or react with proteins forming
protein-catechol complexes, which may be important bio-
chemical reactions, especially in the recognition and mela-
nization of foreign organisms during immune responses.’ In
insects, many studies have indicated that PO might be involved
in some important biochemical processes, such as defensive
encapsulation and melanization of foreign organisms and
wound healing.* In contrast, some RNAI studies have clearly
shown that laccase, but not PO, is the very enzyme having the
major function in cuticle sclerotization and pigmentation dur-
ing insect development.s’6

'The molecular biological studies during the past 20 years
have drastically promoted our understanding of the molecu-
lar mechanisms of insect PPO activation and melanization
pathways.”8 It has been assumed that each reaction step of
melanization synthesis could produce many toxic intermedi-
ates, including semiquinones, dopaquinone, indolequinones,
and reactive oxygen species.” It has been known that these
responses are mediated through activation of serine proteinase

cascades. However, in normal physiological conditions, they
are controlled by serine protease inhibitors (serpins) to sup-
press PPO activation spatially and temporally and to avoid the
deleterious effects on the host by the toxic intermediates.}%!
Serpins contain a reactive center loop close to the carboxyl-
terminus, which interact with the active serine of target pro-
teases and trap the protease in an inactive state.!®!? Because
the recombinant serpins could inhibit prophenoloxidase-
activating proteinase (PAP) activity and suppress PPO acti-
vation finally,'3** PAPs have at least one clip domain at the
N-terminal side of the serine protease domain. For the activa-
tion of PO, PAPs sometimes require an additional cofactor,
serine proteinase homologs; the serine residue at the active
center is replaced by other amino acids.

'The diamondback moth, Plutella xylostella (L.), is a world-
wide insect pest of cruciferous vegetables in the tropical and
subtropical regions, which cost $ 4-5 billion per year for its
management throughout the world.?® Previously, we cloned and
characterized the cDNA for PxPP0O2 (GQ149238).1% In this
article, we cloned the PxPPOI1 cDNA, carried out its bioinfor-
matic analysis, and analyzed the PxPPO1 temporal expression
in P. xylostella using semiquantitative PCR (sPCR), Western
blotting, and real-time quantitative PCR (qPCR). Besides,

the characterization of introns and exons in PxPPO1 was also
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investigated. These results would shed light on a further study
of the PPO gene structure and function in P. xylostella.

Materials and Methods

Experimental insects. P. xylostella was originally
obtained from Tai’an City, Shandong, China, and maintained
in this laboratory for eight years. The larvae were fed on cab-
bage plants (Brassica oleracea) and the adults were fed a 10%
(W/V) honey solution and allowed to lay eggs on radish seed-
lings (Raphanus sativus L.). The larvae and adults were main-
tained at 25 £ 1°C and an relative humidity (RH) of 60%—70%
with a photoperiod of 14:10 hours light: darkness (L:D).

RNA extraction and cDNA synthesis. According to
the manufacturer’s instructions, total RNA was extracted
from the fourth instar larvae using Trizol Reagent (Invitro-
gen, www.invitrogen.com). Using RevertAid™ First Strand
cDNA Synthesis Kit (Fermentas, www.fermentas.com),
cDNA was cloned with Oligo(dT),, primer.

Conserved region clone and cDNA sequence. Degener-
ate primers were designed according to PPO1 conserved amino
acid sequences in GenBank with the following accession nos:
Bombyx mori PPO (AAG09304), Choristoneura fumiferana
PPO (ABW16859), Galleria mellonella PPO (AAK64363),
Hyphantria cunea PPO (AAC34251), Manduca sexta PPO
(AACO05796), and Spodoptera frugiperda PPO (ABB92834).

'The forward primer was 5-GGCSTACTTCCGCGAR-
GACAT-3’" (where S=C or G and R = A or G) and the reverse
primer was 5-GCNGTCGCNGAGTCDCCCATCA-3’
(where N=A or Cor Gor Tand G=A or G or T). PCR
was carried out on T-Gradient Thermoblock (Biometra); the
reaction conditions were as follows: 94°C with 4 minutes for
denaturation, followed by 35 cycles at 94°C with 1 minute
for denaturation, at 60°C with 1 minute for annealing, at
72°C with 1 minute for extension, and at 72°C with a final
10-minute extension. The obtained PCR products were tested
by 1.5% agarose gel electrophoresis, purified with TTANgel
Midi Purification Kit (Tiangen), ligated into the pMD18-T
vector (TaKaRa), and transformed into competent cells of
Escherichia coli strain DH5o. The positive clones were selected
and sequenced on ABI PRISM 3730 by Shanghai Sangon
Biological Engineering Technology and Services Co., Ltd.

Rrapid amplification of cDNA ends clone. The 5-gene-
specific primer (GSP; 5-GCAGGTTGATGCCGAT-
GTCC-3") and 3-GSP(5-CGACCACAGACACTTGG
AACA-3") were prepared according to the cloned sequence
mentioned above. The 3’and 5” ends of the gene amplification
were performed with RACE (rapid amplification of cDNA
ends) kit (TaKaRa). Both the RACE PCR products were

tested, purified, ligated, and sequenced as mentioned above,

respectively.

Genomic DNA extraction. Total gDNA was extracted
from P. xylostella larvae by using E.Z.N.A™ Insect DNA
Kit (Omega Co.) following the manufacturer’s instructions.
All the utensils were autoclaved or baked at 180°C for

8-10 hours in the process of extraction. The extracted gDNA
from P. xylostella was validated in order by 0.8% agarose gel,
ethidium bromide staining, and gel imaging detection. The
RNA was digested completely, and the gDNA was usable for
the next experiments.

Cloning the PxPPO1 conserved fragment. Prim-
ers were prepared according to the conserved amino acid
sequences of PPO1 from the PxPPOI cDNA (GU199189)
and the known lepidopterous insects’s PPO1 in NCBI
GenBank. The forward (PS-F) and reverse (PS-R) primers
were 5-ATGGCGGACAAAAACAACT-3" and 5-CTC-
CATCTCTCCCACTCTACC-3, respectively.

According to the manufacturer’s protocol, PCR was car-
ried out within 1 pg of gDNA of P. xylostella with the third
instar larvae as template using LA Taq Kit (TaKaRa), under
the conditions of 94°C with 5 minutes for predenaturation,
30 seconds at 94°C for denaturation, 45 seconds at 55°C—-65°C
for annealing, at 72°C with 4 minutes for extension followed
by 35 cycles, and at 72°C with a final 10-minute extension.

The 5 uLL PCR products with 1 pL loading buffer were
separated on 0.8% agarose gel, using gel electrophoresis appa-
ratus. According to the detection results, the best tempera-
ture for annealing was 65°C. Next, the new PCR was done
and its products were tested by 1% agarose gel, purified with
TIANgel Midi Purification Kit (Tiangen), then cloned into
the pMD18-T vector (TaKaRa), and the plasmid was used to
transform E. co/i DH50 competent cells. Positive clones were
sequenced by Shanghai Sangon Biol. Co., this is the initial
fragment, named A.

Fragments amplification, stitching, and validation.
'The whole PxPPO1 gene sequence was cloned using Genome
Walking Kit (TaKaRa). First, three specific primers (SPs)
with higher annealing temperature at the same amplify-
ing direction were designed (Table 1). Second, a thermal
asymmetric interlaced PCR (TAIL-PCR) was carried out,

following the manufacture’s protocol, using the three primers

Table 1. Primers used for fragment A downstream and upstream
amplification.

NAME PRIMER (5—3’)

SP1-P CGCAGTATCTAACGGACCTTTGT
SP2-P TCATCGTTGTGCAGATGCGTGAA
SP3-P TGCGTCGAGAACTGGTTCGGAGT
SP1-C TGCGGCTGATGATGGACGACTC
SP2-C CAAATCCCTTACCAAGTGTCGG
SP3-C CTTCGTTATTTCTTTCTGGGAT
SP1-F TGTAATGAGGTCCCACAGAAGT
SP2-F TCCTGGGCATCAGAATCTTTGT
SP3-F CATTTCGGCTTACTAACACCCT
PR-F GGAATGAAGATAGGGTGAGTT
PR-R TCCGTGTATTATAGCCAAAGG
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combined with four SPs within lower annealing tempera-
tures. The amplification direction is from 5’ to 3’ with the
primer order, SP1, SP2, and SP3 (Supplementary Fig. 1).
Third, PCR products 5 pL of first, second and third circles,
respectively, were separated on 1% agarose gel, purified with
TIANgel Midi Purification Kit (Tiangen), then cloned into
the pMD18-T vector, and the plasmid was used to transform
E. coli DH50. competent cells. Positive clones were sequenced
by Shanghai Sangon Biol. Co. (China), four fragments were
obtained, namely, B, C, D, and E.

'The produced five fragments were used to do sequence
alignment by NCBI BLASTn program. And, all the fragments
were stitched together as designing pattern (Supplementary
Fig. 2) using the BioEdit and DNAstar software. To further
validate the proper of the whole PxPPOI gene sequence, two
primers was designed also to clone a new fragment, which
one is in the upstream of the fragment, JY-F: 5-CCAG-
GAGTGGACGATTATTG-3, the other is in the down-
stream interval 5000 bp with the upstream primer, JY-R:
5-GAAGGGTTGAGGGGGTTAGA-3".

Bioinformatics analysis of PxPPO1 c¢DNA. 'The
cDNA was assembled into a consensus sequence containing
the complete open reading frame (ORF) with ORF Finder.
'The PxPPO1 protein sequence was analyzed by ExPASy, Sig-
nalP, and Compute pI/MW (http://us.expasy.org/tools/). The
PxPPO1 (GenBank accession no. ACZ97553) alignment was
performed by ClustalW (version 2.0) online. Phylogenetic tree
and its analysis were performed using the method of our pre-
vious study.'

Bioinformatics analysis of PxPPO1 genomic DNA.
The online software EMBOSS Needle (http://www.ebi.
ac.uk/Tools/services/web) was used to analyze the splicing
rules of mRNA gene. The softwares Genomatix (http://www.
genomatix.de) and TFSEARCH (http://www.cbre jp/research/
db/TFSEARCH.html) were used to analyze the potential tran-
scription factor binding sites of the gene introns and the existing
situation of CAAT box, TATA box, and GC box in the introns.
'The software Winstar was used to analyze the adenine thymine
(AT) proportion in the introns. The software EMBOSS CpG-
Plot (http://www.ebi.ac.uk/Tools/em-boss/cpgplot/index.html)
and RepeatMasker were used to predict the CpG island and
repetitive sequence, respectively.

Temporal expression of PxPPO1. sPCR and real-
time qPCR were carried out to determine temporal expres-
sion of PxPPOI during the development of P. wylostella.
Total RNA ~900 ng from ~70 mg of the eggs, the first,
second, third, and fourth instar larvae, prepupae, pupae,
and adults of their mid-stage, respectively, were used as
templates for 10 uL first-strand ¢cDNA synthesis using
FastQuant RT Kit (with gDNase; Tiangen). Then, these
cDNA were used as templates for the next PCR amplifi-
cation and detection. GAPDH (GenBank accession no.
AJ489521) was used as housckeeping gene for normalization
of equal sample loading. The primers used for GAPDH were

5-CAGTGCCGATGCACCTATGTTC-3" (forward) and
5-AAGTTGTCGTTGAGG GAGATGCC-3’ (reverse).l”

Semiquantitative PCR. The primers used for PxPPOI
were 5-CCGTGGTGGACAAGGACAGG-3’" (forward)
and 5-GGTCGTGAGCGTAGG AGATGA-3" (reverse).
The reaction conditions were as follows: 0.2 UL first-strand
cDNA, 2.5 uLL 10x reaction buffer, 0.5 pL. dNTPs (10 mM
each), 1 unit Zag polymerase (TransGen, Beijing, China),
15 pmol of each PxPPO1 primer, and 15 pmol of each GAPDH
primer in a total volume of 25 uL. Cycling conditions were
94°C for 4 minutes, and then by 30 cycles of 94°C, 60°C, and
72°C for 30 seconds each, followed by 72°C for 10 minutes on
T-Gradient Thermoblock. PCR products were tested by 1.5%
agarose gel electrophoresis and stained by ethidium bromide.
'There are three replicates in sPCR test.

Real-time qPCR. 'The primers used for PxPPOI were
5-CGTCCATCATCAGCCGCAACC-3" (forward) and

“TCTCCCATCACGCC GAATT-3" (reverse). PCR was

performed with Q™S5 (Bio-Rad) with three replicates, using
1.2 uL ¢cDNA in a final volume of 25 L with 0.5 pmol of
each PxPPOI or GAPDH primer and 12.5 uL of SYBR®
Premix Ex Taq™ (2% conc.; TaKaRa). qPCR conditions were
as follows: initial denaturation at 94°C for 30 seconds, fol-
lowed by 40 cycles of denaturation at 94°C for 15 seconds,
60°C for 20 seconds, and 72°C for 30 seconds. The melting
curve analysis and Cr. value calculating methods were refer-
enced in the previous studies.!®!8

Western blot analyses. The protein from the eggs, the first,
second, third, and fourth instar larvae, pupae, and adults of P.
xylostella were extracted using Trizol lysate (Roche, Shanghai,
China) as the reference.’’ Twenty micro-liter protein samples of
the seven different development stages were separated by 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). 'The protein concentrations were tested before applied to
Western blotting using the BCA Protein Assay Kit (Beyotime,
www.beyotime.com) following the manufacturer’s protocol with
four replicates. For Western blot analysis, the proteins were
transferred onto polyvinylidene fluoride (PVDF) membrane
(0.45 um Merck Millipore, Shanghai, China); after blocked
with 5% skim milk in TBS-T (0.05% Tween-20 in TBS buffer),
the membranes were incubated overnight at 4°C with a rabbit
antibody against M. sexza PPO in a 1:5000 dilution; and the next
day, after washing with TBS-Tween (0.05%), for 1.5 hours with a
goat anti-rabbit IgG (H + L) (Beyotime) secondary antibody in a
1:8000 dilution. The blots were developed with an ECL system.

Statistical analyses. The obtained data are expressed as
mean + standard deviation (SD). One-way analysis of variance
was used for tests of significance of differences between groups.
Statistical calculations were carried out using SPSS 16.0 software.

Results

PxPPO1 cDNA cloning and alignment. The PxPPO1
cDNA was produced and registered (accession no. GU199189)
in the GenBank. The deduced ORF sequence starts from the

INTERNATIONAL JOURNAL OF INSECT SCIENCE 2016:8 l 3

Downloaded From: https://complete.bioone.org/journals/International-Journal-of-Insect-Science on 28 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.la-press.com
http://www.la-press.com/international-journal-of-insect-science-j129
http://www.ebi.ac.uk/Tools/services/web
http://www.ebi.ac.uk/Tools/services/web
http://www.genomatix.de
http://www.genomatix.de
http://www.cbrc.jp/research/db/TFSEARCH.html
http://www.cbrc.jp/research/db/TFSEARCH.html
http://www.ebi.ac.uk/Tools/em-boss/cpgplot/index.html

Jin et al

145th nucleotide with 2049 bp encoding a protein of 682

amino acids (Fig. 1). The 3" UTR

nucleotide with 645 nucleotides in length, and a polyadenyl-
ation signal (AATAAA) was predicted, locating at 14 bp

upstream from the poly(A)* tail. The calculated molecular be generated by cleaving this site.
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Figure 1. (Continued)

GAAAACAGTTCAGCCGTGTCCTCACGGCTAACAACAAAAAAAGAAAGAAGGAAAAGTCCC
AATTTAGGGCTCCTAAAACCTAATTAAGTTTAGGTCCATAGTTTACAGTGTTCGTGGTAT
TTTAAGCCCAAACGCTAATCCAAGATGGCGGACAAAAACAACTTGCTGCTGTTCTTCGAC

MADEKNNLLLTFFD
CGCCCCACGGAGCCCTGCTTCATGCAGAAGGGCGACGACAAGACCGTCTTCCAGATCCCG
RPTEPCFMQKGDDEKTVFQTIP
GACAACTTCTACCCAGAAAAGTACAAGAAGGTGGGCAACCAGCTGGCCGACCGTTTCGGE
DNFYPEEKYEKEKVYGNGO QL & D[RIF|G
ACGGACGOGGGCCGCATGGTGCCTGTCOGCAACATCGCGCTGOCGGACCTCAGCCTGC0G
TDAGRMVYVYPVYRNIALPDLSTLEP
CAGCAGTTGCOGTACCACAACCAGTTCTCTTTGTTCGTGCCGAAACATAGACGGATGGCT
QQLPYHNGQFSLFVPEKHERERIMA
GCTAAGCTGATTGATATTTTTATGGGAATGCGTGACGTGGAGGACCTGCAGTCCGTGTGC
LB LD T PN EeL D YEDL GAYE
AGCTACTGCCAGCTCCGCATCAACCCCTACATGTTCAACTACTGTCTGTCGGTCGCCATG
S YC QLRETIMNPTYMNTFRNTYTCLSYAMNM
CTGCACAGACCAGACACGAAGGGCCTGTCGCCGCCGACGCTGGTGGAGACGTTCCCCGAC
LEHERPDTTEUGLSPPTILVYETTETEPDID
AAGTTCATGGACCCCAAGGTGTTCOGCCGCGCCCGGGAGACCTCCACCACCGCGCCOGCT
EFUDPEVFEFLEARETS T T AR A
GGGGACAGGATGCCAGTCCTAATCCOGGTCAACTACACGGCATCGGACGCCGAACCAGAA
G DRMPYLIPVYNTYTA AGSDALETPE
CAACGCATGGCGTACTTCOGCGAGGACATCGGCATCAACCTGCACCACTGGCACTGGCAC
Q R M AYFREDTIGIWNTLUHIHTYNYIHTYTH
CTGGTGTACCCCTTOGAGGCGGCOGACCGORCORTGGTGEACAAGGACAGGCGCGGOGAG
L YYPFEAADRAVYVVYDEKDTRTREGEGE

I
CTGCTGTACTACATGCACCAGCAGATCATCGCCAGATATAACGCAGAGCGTCTGTGCAAC
L LYY M HOQOQTTIMARTYNAMET RLTCHN
AACCTGGGCTTCGTGACGCGCTACAACGACTTCCGCGGGCCCATCGCCGAGGGGTACTTC
NLGFVYTZERYNUDTFRGPTIAET GTYTF
CCCAAGATGGACTCGCAGGTCGCCAGCAGGGCCTGGCCTCCTAGGTTCTCOGGCACCACG
P K MDS QVASREAWPPRTPFSOGTT
ATCOGCGACCTGGACCGTCCAGTGGACCAGATCCGCTCOGACGTGTCCGAGATGGAGACC
I R DLDRPYDGQTIT ERSTDVSEUMNMET
TGGAGGGACCGCTTCATCCAGGCCATCGACAGOGGCACTATTGTTTTGCCCAACGGCOCGE
FREDERIQATDSET TN LELRR
ACGCAGCGCCTCGACGAGGAGACOGGCATCGACGTGCTCGCCAACCTCATGGAGTCGTCC
TQERLDPEETGI DV L ANILDMNESS
ATCATCAGCCGCAACCGCGCCTACTACGGGGACCTGCACAACATGGGGCACGTGTTCATC
1 LERNERAY T ED L BNV G ERI
I

TCCTACGCTCACGACCCCGACCACAGACACTTGGAACAATTCGGCGTGATGGGAGACCCG
S Y A HDPDHERHLTEUOGEFGVMGDP

mass is about 78.56 kDa, and the isoelectric point is 6.43. The
extends from the 2194th proteolytic cleavage site, DRFG, that is important for PPO
activation locates at ~50 residues from the N-terminus (box
and arrow in Fig. 1). An active enzyme with 72.65 kDa would

GCCACGGCCATGAGGGACCCGATCTTCTACCGCTGGCACGCGTACGTCGACGACATCTTC
ATAMNURDPIFYRYHAYVYDDITE
CAGAGATACAAGGOCACACTACCAGCCTACACCAGGGAGAGGCTGGACTTCCCAGGCATC
QR YEKEATLPAYTRERILDEPRG:I
CGCGTCTCCTCCATCGCCATCTCGRGCCGCACTCCCAACCAGTTCTOGACGCAGTGGGAG
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433 R VS SIAISGRTPNQFSTAQTUWE
1501 CAGAGTTCCGTGAACCTGGLGCGLGGGECTGGACTTCATGCCGCGCLGLGCCGTGCTGELG
453 g S SV NLARGLDEFMPZRGAVLA
1561 COGTTCACGCATCTGCAGCATGATGAGTTTGAGTACACCATCGAGTGCGACAACACAACC
473 RFTHLQHDETFEYTIETCDNTT
1621 GGCCAAGCAGCCATGGGCACCGTCCGCATATTCCTCGCCCOGACCACCGACCAGGCCGGE
493 C QA AMGTVRIFLAPTTTDA GQASG
1681 AACGCACTCAACTTCGAGGAGCAGAGGCGCCTCATGATCGAGTTGGACAAGTTTACTCAG
313 NALNFEEQRRLMTIELTDIEKTFTA®Q
1741 GGATTACGCCCOGGCAGCAACACCATCCGCCGTCGCAGCATCGACTCCTCAGTCACCATC
533 ¢ LREPGSNTIURERRSIDSSVTI
1801 CCCTACGAGCGCACATTCCGGGACGAGTCCCAACGCCCOGGAGACGCTGGCTCAGCTCAG
893 PYERTTFRDET S QRPGDAGS AR
1861 TCCGCTGACTTCGACTTCTGCGGCTGCGGCTGGCCACATCACATGCTGATACCGAAGGGG
573 S ADFDFCGCGWPHHMLTITPIKSEG
I
1921 ACTCAGCAGGGATGGAACTGTGTGCTCTTCTGCATGATTACCAACTGGAATGAGGATCGG
593 TQ G¢GW¥VNCVLFCMTITNUWNETDER
1981 GTGGAGCAAGACACAGTGGGCACCTGCAACGACGCAGCCTCCTACTGCGGCATCAGGGAC
613 VEQDTYGGTCNDAASYCGIRTD
2041 CHCCGCTACCCGGACCGCAAGCCCATGGGATTCCCCTTCGACAGACCAGCGCCATCTACC
633 RRYPDPRKPMGFPFDRPAPS ST
2101 GOCAGTTTGGGAGACTTCTTGACGCCCAACATGACTGTGCAGAACTGCAGCATCAGATTT
653 G SLGDFLTPNMTVYQNTCS STITRTF
2161 ACTGATGCGGTCAGGCAGCGCCAGCAGCGGTAGAGTGGGAGAGATGGAGACATGGTTCAT
673 T DAY RQRGQA QR =*
2221 ACGTTACGAGAGTTCTAGCTATACTTAAACACACAATGAAAGCTGACAGTAAATATGTAG
2281 TACTCCTCTAGATTTTGCCTTCAAAATGAGATAGAAACCTCACTAAAATACCATTATTAT
2341 TTAGGCACTATAATCACTATAATCTTGGAATTCATGTTTAACGACATCGAATAAGATTAC
2401 TGCCGGTCAAAGGTATATGAGATTTTTCGTTTCCTGAATTAAAAATCCTGTAACGTCATA
2461 AAMTTAAGTATGAACCATGATTTGCCTAAAATTATTATAGTTTCAGGTGCCTGCGTCTAC
2521 CTCAATGTTATTTTTTGAAATGTATCCCTCTCTATTTAAACTGTGTACTTAATTATTTAC
2581 TAAMTATCCGAGGAAGG TGTTGGTACCTGAAATATCGACCTTTGGCTATAATACACGGA
2641 TCTGATTATGTTATTTAATATTTTACTATACATAATATTCACTTCTAATAATATTAAAAC
2701 CTATACTATTGCATGTTAGTTATTTAAGTAAATGGGTCTAACTTAAGAATTCTTAGCTGT
2761 AACTCTGTAAATATCTACTATGTAAATATTACAATTTAAAAGACTGAATAAACTAAGCCT
2821 TTCACCAAAAAAAAAAAA,

Figure 1. Nucleotide and deduced amino acid sequence of P. xylostella PPO1. The sequence was deposited in GenBank (GenBank accession no.
GU199189). Possible polyadenylation signal (AATAAA) and poly(A)* tail were doubly underlined. Conserved motifs were underlined and numbered. Note
in region |: copper-binding site A; region Il: copper-binding site B; region lll: thiolester region-like motif. Potential cleavage site for the activation to PO are
boxed and shown with arrows. *Stop codon.

The PxPPOI sequence was aligned with the PPOs Whole PxPPO1 DNA producing and validation.

of other insects by ClustalW; the results showed that the
PxPPO1 sequence has a high homology with the PPO1 of
other lepidopterous insects. High sequence identity was
found with C. fumiferana PPO1 (74.6%), B. mori PPO1
(74.5%), Heliothis wvirescens PPO1 (73.3%), S. frugiperda
PPO1 (73.1%), Plodia interpunctella PPO1 (72.5%), and
M. sexta PPO1 (70.5%). However, the homology between
PxPPO1 and PxPP0O2 (GQ149238) was only 45.3%. Simi-
lar to all insect PPOs, a putative thiolester site and Cu®
and Cu® binding regions, with six histidine residues, existed
in PxPPO1 also (Supplementary Fig. 3). The phylogenetic
tree showed the evolution of PxPPOI in Supplementary
Figure 4.

According to genome walking method, five fragments were
obtained (Supplementary Fig. 5), validated, stitched together,
and reconstructed the whole PxPPOI gene sequence of
7532 bp. At last, the whole PxPPOI sequence is 7202 bp when
the overlapping area of the fragments is deleted. To further
validate the proper of the entire sequence, another PCR and
BLAST alignment were carried out; the results showed that
the new fragment (name JY2) was 5000 bp, which was identi-
cal with the template. The stitching sequence was validated
successfully (Supplementary Fig. 6).

Bioinformatics analysis of PxPPO1 DNA. The results
of BLAST and EMBOSS Needle alignment showed that there
were 11 introns and 12 exons in the PxPPOI DNA sequence,
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in which the exons encoded 682 amino acids (Supplementary
Table 1). The absent black lines were introns, and the red
lines were exons (Fig. 2A); furthermore, all the exons and
introns were schematic and labeled (Fig. 2B). The homology
is 99.9% when aligned all the exons with PxPPOI mRNA
(GU199189). The intron’s number was similar to that of 12
introns in BmPPOI when retrieved in NCBI using EMBOSS
Needle (Fig. 2C). Additionally, 11 exon—intron splicing junc-
tion motifs were also defined in PxPPOI (Supplementary
Table 2).

The analysis results of the softwares Genomatix and
TFSEARCH indicated that there was one CAAT box in the
second, fourth, fifth, and seventh intron, one TATA box in
the second, third, and sixth intron, two TATA box in the sev-
enth intron, and there was no GC box and CpG island in any
intron. RepeatMasker software predicted the gene duplica-
tion sequences, the results showed that there were two simple
repeats with 47 bp in the gene, which were 0.62% of the gene
sequence.

Temporal expression of PxPPO1 transcripts. The
PxPPO1 expression levels in different stages were detected as
shown when compared with the GAPDH control (Fig. 3A).
The PxPPOI transcripts were much abundant in the eggs
and the fourth instar larvae, followed by the second or third
instar larvae or pupa. However, the PxPPOJ transcripts were
absent in the first instar larvae or adults. Direct immunob-
lotting results showed that antibody to M. sexta PPO could
be recognized by P. xylostella PPO in different developments
(Fig. 3B). The lower band was PPO1 with 78 kD, and the
upper was PPO2 with 80 kD. In order to further compare

the temporal expression of PPO in P. xylostella, the Image-Pro
Plus software was used to analyze the mean gray value. The
total values of the whole body PPO (PPO1 and PPO2) in
the different developments were 1.86, 3.98, 3.85, 5.54, 2.86,
and 0.57 for the first, second, third, and fourth larvae, pupae,
and adult, respectively, and the protein concentrations were
0.57,1.15,1.62, 4.65,2.95, 3.10, and 2.01 mg/mL for the egg,
the first, second, third, and fourth larvae, pupae, and adult,
respectively. The result also indicated that the PPO1 was more
abundant than PPO2 in pupae, while the PPO2 was more
abundant than PPOL1 in the adult; such interesting findings
need to be further studied.

'The PxPPOI expression model was also performed by
gPCR, which showed that PxPPOI was highly abundant in
eggs and the fourth instar larvae, with 21.78-fold and 19.51-
fold compared with that of the adult stage, respectively. In
the first instar larvae, the PxPPOI expression was 6.44-fold
(Fig. 3C). In summary, the results of the PxPPOI expression
pattern could be verified mutually through the sPCR, immu-
noblotting, and qPCR tests.

Discussion

There are three conserved regions in PPO proteins, referred
to as regions I, I, and III. Regions I and II correspond to the
Cu? and Cu® binding sites, respectively. The copper-binding
sites are highly conserved oxygen-binding regions, which is
common to all invertebrate PPOs and other associate proteins,
including the hemocyanins from lower arthropods. Region
IIT is a thiolester motif (GCGWPHH) characteristic of
o2-macroglobulin and C3 and C4 complement proteins, with
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Figure 2. The situation of exons and introns. (A) Sequencing results by BLAST. (B) The schematic arrangement of exons and introns, I,_,, means the

intron 1,—1,,; E,_,, means the exon E,~E,,. (C) The retrieval results of B. mori PPO1 from NCBI.
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Figure 3. Temporal expression of PxPPO1 transcripts: (A) sPCR analysis; (B) immunoblotting analysis, antibodies of rabbit antiserum to M. sexta PPO
were used by Western blotting; and (C) gPCR analysis, the methods used as the reference.'®

function in macromolecule binding.?® The PPO thiolester
motif could be correlated to the immobilization function of
invading organisms while insect defense reactions occurred.?!
As reported, there is no N-terminal signal sequence at most
of the insect PPOs, and two copper-binding sites are pres-
ent in the active site of the enzyme. There is an increase in
the transcript level of PPO following parasitic invasion, and
insects having impaired machinery to produce this enzyme
show reduced ability to suppress pathogen attack by melaniz-

ing and encapsulating them.1®-??

This study found 11 introns and 12 exons in PxPPOJ;
however, of the introns, only I. demonstrates any identity
with sequences in NCBI and shows partial identity to mis-
crosatellite pxy001 (GenBank: DQ649107.1) of P. xylostella.
Although the diamondback moth genome has been sequenced
successfully,?® there are still some unnamed sequences in the
genome due to the restriction of the sequencing method. The
further sequence of the BLAST alignment results showed that
the PxPPO1 gene was numbered with ACZ97553.1, located at
scaffold 134 but with lower identity. When the scaftold 134
was drawn from the genome, some unknown sequences were
also found with the marking N. Thus, it was deduced that the
sequenced fragments in this study could fill the unknown N
sequence in the scaffold 134 of genome.

In this study, the PxPPOI was a fluctuant expression
during P. wylostella ontogenesis, which was similar to that of
the expression of PxPP02.!% In Apis mellifera, the PPO tran-
scriptional levels in adults and older pupae are higher than
that of younger pupae and larvae.?* In 4. gambiae, six PPO
gene expressions have been assessed using sPCR during its
development.”® In H. cunea, there are no PPO mRNAs
in pupae, although expression has been detected in other
developing stages.?® These genes showed distinct temporal

expression profiles, but with uncoordinate expressions. Here,
we just compared the expression levels of the PxPPOJ tran-
scripts in the whole body at different developmental stages;
whether PxPPO1 involves in some responses of P. xylostella
developmental is still unknown.

In summary, this study presented PxPPOI cDNA
sequence. Like other lepidopterous PPO1, the protein
sequence deduced from ¢cDNA has three conserved regions,
including the two copper-binding sites. The PxPPOI DNA
was 7202 bp, consists of 11 introns and 12 exons. More-
over, the expression of the PxPPOI transcripts in the eggs
and the fourth instar larvae were more abundant, followed
by the second and the third instar larvae in P. xylostella.
These findings would provide a better understanding of the
PxPPOI gene.
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Supplementary figure 3. Multiple sequence alignment
of the two copper-binding site (Cu® and Cu®) regions of
arthropod PPOs.

Supplementary figure 4. Neighbor-joining dendro-
gram showing the relationship among the known arthropod
PPOs using a crustacean (Scy/a serrata) PPO as an outgroup.
The bootstrap consensus tree inferred from 1000 replicates
was taken to represent the evolutionary history of the taxa
analyzed.

Supplementary figure 5. Gene fragments amplification.

Supplementary figure 6. PCR amplification of gene
fragments JY2 (DL5000 marker).

Supplementary table 1. Exons location and length.

Supplementary table 2. Exons—introns junction sequences
in P. xylostella.

REFERENCES

1. Chase MR, Raina K, Bruno J, Sugumaran M. Purification, characterization and
molecular cloning of prophenoloxidases from Sarcophaga bullata. Insect Biochem
Mol Biol. 2000;30:953-967.

2. Xue CB, Luo WC, Ding Q, Liu SZ, Gao XX. Quantitative structure-activity
relationship studies of mushroom tyrosinase inhibitors. J Comput Aid Mol Des.
2008;22:299-309.

3. Cerenius L, Séderhill K. The prophenoloxidase-activating system in inverte-
brates. Immunol Rev. 2004;198:116-126.

4. AshidaM, Brey PT. Role of the integument in insect defense: pro-phenol oxidase
cascade in the cuticular matrix. Proc Natl Acad Sci U S A. 1995;92:10698-10702.

5. Arakane Y, Muthukrishnan S, Beeman RW, Kanost MR, Kramer KJ. Laccase 2
is the phenoloxidase gene required for beetle cuticle tanning. Proc Nat! Acad Sci
U S A.2005;102:11337-11342.

6. Elias-Neto M, Soares MP, Simoes ZL, Hartfelder K, Bitondi MM. Develop-
mental characterization, function and regulation of a Laccase2 encoding gene
in the honey bee, Apis mellifera (Hymenoptera: Apinae). Insect Biochem Mol Biol.
2010;40:241-251.

7. Zou Z, Shin SW, Alvarez KS, Kokoza V, Raikhel AS. Distinct melanization
pathways in the mosquito Aedes aegypti. Immunity. 2010;32:41-53.

8. An C, Kanost MR. Manduca sexta serpin-5 regulates prophenoloxidase activa-
tion and the toll signaling pathway by inhibiting hemolymph proteinase HP6.
Insect Biochem Mol Biol. 2010;40:683—-689.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Vavricka CJ, Christensen BM, Li J. Melanization in living organisms: a perspec-

tive of species evolution. Protein Cell. 2010;1:830-841.

Kanost MR, Jiang H, Yu XQ. Innate immune responses of a lepidopteran insect,
Manduca sexta. Immunol Rev. 2004;198:97-105.

Cerenius L, Lee BL, Soderhill K. The proPO-system: pros and cons for its role
in invertebrate immunity. Trends Immunol. 2008;29:263-271.

Jiang H, Kanost MR. The clip-domain family of serine proteinases in arthro-
pods. Insect Biochem Mol Biol. 2000;30:95-105.

Ragan EJ, An C, Yang CT, Kanost MR. Analysis of mutually exclusive alter-
natively spliced serpin-1 isoforms and identification of serpin-1 proteinase com-
plexes in Manduca sexta hemolymph. J Biol Chem. 2010;285:29642-29650.

An C, Ragan EJ, Kanost MR. Serpin-1 splicing isoform J inhibits the proSpitzle-
activating proteinase HP8 to regulate expression of antimicrobial hemolymph
proteins in Manduca sexta. Dev Comp Immunol. 2011;35:135-141.

Furlong MJ, Wright DJ, Dosdall LM. Diamondback moth ecology and manage-
ment: problems, progress, and prospects. Annu Rev Entomol. 2013;58:517-541.
Du L, Li B, Gao L, Xue CB, Lin J, Luo WC. Molecular characterization of the
¢DNA encoding prophenoloxidase-2 (PPO2) and its expression in diamondback
moth Plutella xylostella. Pestic Biochem Physiol. 2010;98:158-167.

Ratzka A, Vogel H, Kliebenstein DJ, Mitchell OT, Kroymann J. Disarming the
mustard oil bomb. Proc Nat! Acad Sci U S A. 2002;99:11223-11228.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-
time quantitative PCR and the 22T method. Mezhods. 2001;25:402-408.
Tang L, Zheng MX, Lei L, Qi RM. The investigation of the method of extract-
ing the rat’s cochlea myelin protein zero with Trizol. Chin Arch Otolaryngol Head
Neck Surg. 2008;15:190-192.

Dodds AW, Day AJ. Complement-like proteins in invertebrates. In: Séderhill K,
Iwanaga S, Vasta GR, eds. New Directions in Invertebrate Immunology. Fair
Haven, NJ: SOS Publications Press; 1996:303-341.

Sritunyalucksana K, Cerenius L, Séderhill K. Molecular cloning and charac-
terization of prophenoloxidase in the black tiger shrimp, Penaeus monodon. Dev
Comp Immunol. 1999;23:179-186.

Shiao SH, Higgs S, Adelman Z, Christensen BM, Liu SH, Chen CC. Effect of
prophenoloxidase expression knockout on the melanization of microfilariae in
the mosquito Armigeres subalbatus. Insect Mol Biol. 2001;10:315-321.

You MS, Yue Z, He WY, et al. A heterozygous moth genome provides insights
into herbivory and detoxification. Na# Genet. 2012;45:220-225.

Lourenco AP, Zufelato MS, Bitondi MM, Simoes ZL. Molecular characteriza-
tion of a cDNA encoding prophenoloxidase and its expression in Apis mellifera.
Insect Biochem Mol Biol. 2005;35:541-552.

Miiller HM, Dimopoulos G, Blass C, Kafatos FC. A hemocyte-like cell line
established from the malaria vector Anopheles gambiae expresses six propheno-
loxidase genes. J Biol Chem. 1999;274:11727-11735.

Park DS, Shin SW, Kim MG, et al. Isolation and characterization of the cDNA
encoding the prophenoloxidase of fall webworm, Hyphantria cunea. Insect Bio-
chem Mol Biol. 1997;27:983-992.

8 l INTERNATIONAL JOURNAL OF INSECT SCIENCE 2016:8

Downloaded From: https://complete.bioone.org/journals/International-Journal-of-Insect-Science on 28 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.la-press.com
http://www.la-press.com/international-journal-of-insect-science-j129

