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WE:. [Aw) 2L RE E%ET P A3 Anopheles sinensis 21 Z it E.4% 4% B (heme peroxidase ,
HPX) Rk A B, FFFM AR e R B 7 5 AR AL & HPX AE ) R4 L F X & ik
1, [ 7 ) vA NCBI %38 & b 2 38 £ ¥ Drosophila melanogaster %= % %& Bombyx mori % % & HPX J
Yoy Hh 0 RABR 3 AR R 57 L il A A Blast 3 R 58 PR A B L HPX AR, F%
£ T Wb 2428 Anopheles gambiae B 4% B 3 Aedes aegypti F=3% R AF I Culex quinquefasciatus 3 ) 28
Lo HPX A B K TR B dest HPX AR 696 % 2%, sF P 48l HPX AR #7645 A A Y
45 B3 I kTR T b Ak st HPX R B 69 4F 45, 6136 2L B 09 25 M BJE scaffold #4245, Ak 8% 09 2 3
FfoffF MR, FOM3D LME, @i 5 N B R AT P Ak HPX AR/ £ #
Gk g4 E & T HPX B35 82 57, £ A PAUP4. 0 = MEGAG6. 0 #k 44 ) JA Z KARMUE M Z T S
AN B R EMEA HPX AR 69 258 b, [ZR] Padest i NatA 20 AHPX AKH Kt E
B IR BAP I e Btk BB R B8 5 A 18, 14 F2 12 /> HPX A B, iX 4 Aot & 49 HPX & & #/ak
4~ 3k N\ Peroxinectin, Peroxidasin, DBLPX #= DUOX 4 NE K4k, AR/ LR 5 F AT 61.6 ~
186. 6 kD % Jd] (F& AsHPX8 % 29.6 kD), w4423 20 A~ HPX A H £ AL A 98 A2 F,75 AR4
T, R BEFEANSF AKX ALR R £ F&R K, Pl HPX A B4k £ 453 10 A~ scaffold
L35 F) K B a6 2R, 3R, 2L, 3L e X He &4k, ix sk At HPX A B % A5 69 R A B 5
5] (% DUOX) #REA | Adnsr & 25445 540 5 A Ca’ 458155, 2 N s fe C 5 & B A 2 A FIRA
BRAE S FF R8T A A, W Aeds s K bb A5 B R AR B 249 o {EARN T 1,509 HPX AR &
HE R P EA B A RNIRIL AT RS, RAKF R EZHREAN,S A B % kg HPX L F T
A A 16 A4, Jor 11 AN L2 268 2, A £ 83% ¢ bootstrap X 4, [ 48] A#F
R T Paseed HPX AR A a3 8, AR A LA Mo F 26 HPX &5, X 5 HPX
RABZOBEMO S ERTEA X, KW DUOX ME T e o btk B2k sk, X 5
AR IRIEE B A%, DBLPX T R %49 peroxidase 25 #j3%f2 HPX R aFr A 74k P 2 RAR T,
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Abstract; [ Aim] To identify genes of the heme peroxidase ( HPX) family of Anopheles sinensis at the
whole-genome level, to predict the basic features of these HPX members, and to explore the
phylogenetics and evolution of the HPX members of five representative dipterans. [ Methods] The amino
acid sequences encoded by HPX genes in Drosophila melanogaster, Bombyx mori and other insects were
downloaded from NCBI databases and used as queries to search for the HPX genes in An. sinensis genome
using the local Blast program. The HPX genes in Anopheles gambiae, Aedes aegypti and Culex
quinquefasciatus on the whole genome were also identified by using the same method. The HPX genes
identified in An. sinensis were named following the nomenclature system established for An. gambiae HPX
genes. The characteristics of these HPX genes in An. sinensis, including the structure and scaffold
location of these genes, the substitution rate and conserved domain of their amino acids, and the 3D
structure of their proteins, were predicted using bioinformatics analysis. These An. sinensis HPX genes
were also located on chromosome through the synteny analysis with An. gambiae HPX genes. The
phylogenetic relationships of the HPX genes of five representative species of Diptera were constructed
based on nucleotide sequences using maximum likelihood method with PAUP 4. 0 and MEGA 6. 0.
[ Results] The An. sinensis genome contains 20 HPX genes, while those of An. gambiae, Ae. aegypti
and Cx. quinquefasciatus contain 18, 14 and 12 HPX genes, respectively. The HPX proteins of the four
mosquito species were all classified into Peroxinectin, Peroxidasin, DBLPX and DUOX subfamilies, with
the molecular weights of their amino acids ranging from 61.6 —186.6 kD, except AsHPX8 (29.6 kD).
The 20 HPX genes of An. sinensis contain 98 exons and 75 introns, and the distribution patterns of their
exons and introns are quite diverse among different genes. These HPX genes of An. sinensis are mapped
on 10 scaffolds, and syntenied to the chromosomes 2R, 3R, 2L, 3L and X in reference of An. gambiae
genome. All the amino acid sequences of HPX genes in An. sinensis (except DUOX) each has one heme
and five Ca’* binding sites, and contains two cysteine sites in each of N-terminus and C-terminus, which
define two disulfide bonds. The w values of An. sinensis and An. gambiae orthologous gene pairs were all
less than 1, suggesting that HPX genes has no obvious environmental selective pressure during their
evolution. The HPX genes of the five representative dipteran species were divided into 16 groups on the
phylogenetic tree, 11 of which showed to be monophyletic with >83% bootstrap support and homologous
genes clustered together. [ Conclusion] This study provides the basic information frame for the HPX
genes of An. sinensis. The HPX proteins in different mosquito species have similar molecular weights,
and this is associated with a high degree of structure conservation of the HPX family proteins. The DUOX
of mosquitoes gradually lost its function with their deletion of the main functional loci, and this is related
to its specific environmental adaptation. The peroxidase domain in the DBLPX subfamily is the most
conserved in all subfamilies of the HPX family.
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—LE R AL R A SR Nl b, R B HPX X B 9 P 4R (reactive oxygen
IR A o RN IR SR R A B, S 24S species, ROS) 45 Huiiy e iy S AL B 75 298 #2245
Aot S A ey MLV R A B SRR BRI N, Sy DAHORZE A B R ST A B0 A (Kajl e al,
THRYUR IR, X R e R e RGEMBEZ Bt 2015) , W 7E X LUV 3% B Anopheles gambiae 1K,
PR KR 3 B 2 5 SR M s AR i i 2 H,0, 3XFP ROS R GEME (3 25 5 000 LA i 52
H, HorP 2D 3R ALYl (haem peroxidase, HPX) — F%ALHi 4, i HPX n] LIMEHE H,0, /E 152
FENER MR QE RGP A0 (Zow et PREEALAS TR AL K2, £ B 55 ARG 9 52 S A 16 1
al., 2007) , WFFERY R RZWW MR MfSEIER &K F (Delong et al., 2007 ; Shaw et al.,
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2014) , KT HPX %} ROS (##i4E R , HPX 5H 4
AW Ak i ( superoxide dismutase, SOD) | i3 &AL &S
ity ( catalase, CAT) 25— B 1A= WA o4 14 £ 47 i
2 4t (enzymes of protective system ) (Li et al., 1994) ,
Hr HPX fER M s RGNS — BB & b L5 &
F RKHYEH (Felton and Summers, 1995; Corona and
Robinson, 2006) , E& MK 1 HPX 55 HEZh 1) 14
PN B fE 48 AL W T ( myeloperoxidase, MPO) % 484k
B VEIZE oL AR A B MESh i b R 5 A6k
PR 55 B R HPX PR g BEARARL, O HptE s H 5 B
Ay HPXd % A ( peroxidasin W2 % ) [6] ¥ ( Lackie
and Lackie, 1979) . HF5¢ & 8 HPX 3 K 7E g i rh
BAT A W 9 18 /Y 18 4k % ( Waterhouse et al.,
2007) o Wz e A I 1t A% 47 D, 9F 5 Bt HPX Ak
PRI X 3 D A2 4 14 ML ) 42 1) HAT B3 S

Welinder(1992) 5 IR TEAEY)  FL 1A | 40T TP IS
T HPXs FFEAL AN ZE A8 2 18] 1 56 22, HJE XA 6] AR
W.sh ¥, EOE. A HPX 8 BF 5% A T
(Zamocky, 2004 ; Huang et al., 2006; Mccall et al.,
2014) , LT AR £ , WRE ) 2o R0 16 ) T R K T
( plant-type peroxidase superfamily ) ( Zamocky and
Obinger, 2010) . AF 3l ¥y i % Ak ¥ it 2 8 J#% ( non-
animal heme peroxidase superfamily) ( Passardi et al.,
2007 ) %%, Nelson 45 (1994 ) S5 7F S S0 Drosophila
melanogaster I T 45— 5 il FALYIESS & 1)
FALTE H peroxidasin, BRI ALY BETEREY) L 5h W)
FETE AR A S D A T 68, (H H R T A R i K
% (Joseph et al., 1998 ; Taurog, 1999) . iT4E, ¥ E
HUHPX G5 & A i B 5% A8 7 o B, 2 X K A
Bombyx mori ( Shi et al., 2012) , P4 J5 % ¥ Apis
mellifera( Korayem et al., 2012) (IR L4 %5 Tribolium
castaneum( Chen et al., 2016) 2511 HPX ik N/E
TR RGLE ST KIREREIY, & B HPXs B:[A
IR T REAZAY), T8 7% 1 ( Corona and Robinson,
2006) PR G 508 ( Radyuk et al., 2001) 35 %
Aedes aegypti( Zhao et al., 2001 ) FlE 4 FE B Culex
quinquefasciatus ( Reddy et al., 2012) 4354 10, 10,
14 1 12 A~ HPXs FE A, 1 )] e 4% BOF 18 > HPX
BEIA (Shaw et al., 2014 ) , 3% Sz e AN ] B He 60 2 3%
> e B PR B3

HHAEHR IS Anopheles sinensis |12 4345 T & W K&
AR, S o3 DX B EARJE R ALk Dok 22
g (Chang et al., 2014) , JTAFK, HPIE K55
DR IR T AR iR R 40, (B v TG HPX SR 5 5k

W RGITIE . AWTFEHE T H PRI K rh AR 3
L[R2 05 5% 10 7 B0HE (Chen et al., 2014) , )
NCBI R 3R AUA B 74 07 88 e | 58 4 1 R 2R g 25
B i HPX SRy I S i IR 81 i o A 0 1
BEAI R B TE A B K P 3808 T rh AR R i
HPX G FE I, F X H 26 an 4 P 5O sy 4k 2
25K scaffold 734l RGUA T SR IE I SFITRE T
BAHPIOTTE , it — I R S B S BEAT
TP B A

1 #R5HE

1.1 HiEkiR

AW S A FH ) v At PR 20 5 e s 2H AL
Pa ok A RIMYE R B 35 o 1 AR W 5
X k. 4% B0 Anopheles gambiae | 35 ¢ 7+ B Aedes
aegypti UG EML Culex quinquefasciatus V4 J7 % 4
Apis mellifera . 7 4% ¥ Tribolium castaneum . % 7%
Bombyx mori F1 MG M8 Drosophila melanogaster 1)
L 4 % B T 4k B NCBI ) GenBank %i 5 JF |
VectorBase ${#f% /% ( https : // www. vectorbase. org/ ) L)
M peroxibase {4} ZE ( Passardi et al., 2007)
1.2 iRy HPX KREFRNEERALTE

Ry T M rh AR HPX SR BT, DA X BG4 85
R R APISE B RIS VY Ty e R S S A LR
i SR L 0 HPX B R e B0 A Sy i [ e 90,
BLASTP 48 2% v A8 42 M5 K& [R] 20 22 6 1R 5080 122, it
TBLASTN 43 5i48 R He [H 20 5 X CDs FAZ H 1R A4
PE, BIEER S Ry 1e ™, FESEPN AL HI M3 R, 32
B CDs ZA7 381X 22/ 1 000 bp A HE R 4H 5751, 3K
90 fig Ay P AR 32 B HPX K2 R F A1, JF ()
FGENESH + (http: // linux1. softberry. com/ ) i jil] %t
DR S L ZE5 ) o o T SE AR A X S P A1) S A5y Hh A
FRILHY HPX BEPR P71, K 28 BE R 37 5 18 1) 28
27 50 1E GenBank HH7EZE LU XS, [A] i, ffi Ff SMART
(http: // smart. embl-heidelberg. de/) X} ixX &£ 51 Jt fig
JEAIE peroxidase ( 7 pfam 738k PFO3098 ) 4544
OB AL E i S A S BE A Dy HPX LA
1.3 iz HPX EEMSERERAE
w2y

W FAS g AE 3 e HPX 52 K] 40 5 1) 42 3 18 7
H|, 3@ 155 ProtParam 75 £ /4 (http: / www. expasy.
org/protparam/ ) [ TMHMM 1 £k 4% 4 ( http: // www.
cbs. dtu. dk/services/ TMHMM/ ) I SignalP 7 £k & {4:
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(http: // www. cbs. dtu. dk/services/SignalP/) , 43 %l
DS N o 1 i e RV DI RS N Y N
ANFEE R M AR IE A T B0

ffiJH Clustal W 1. 83 R xf e 4y HPX J:[A]
(W HEIR 7 94T 2 8 X, IR ARt 45 s A
GeneDoc 2. 7. 0 B A F0M AR <7 X4l fff FH AR A
ScanProsite (http: // prosite. expasy. org/scanprosite/ )
T HPX ORAF S5 A S 5, I8 22 5 L 1 bR v
th 3 ] Modeller 9. 19 5 v Azl HPX Z k47 [
PRERASE, 5N HPX S5 1 2 1 5T 3D 4544

BT rhAes i HPX B 741, i i GSDS 7E4k
A4 (http ; // gsds. cbi. pku. edu. en/) Tl A A7 iy
HPX JE K A0 8 1 20 A L ROV & AR AL, O 22
il o A i HPX L R 25 0 7R i R 3 T 2k
I ARSI HPX BE PR A 4Bt PP 4, G AR B T
2 | scaffold P E . AT, N VectorBase £(#E FE
) A B HPX BEPRIFE BRI A b o e , T
HAE SR IS0 HPX PR 15 2 5 X A& B0 HPX
PITEGE E A b7 &AL 504, ] CorelDraw 8.0
2l rh AT HIPX e PR 190 5 PRI 2 i o7 B
1.4 rpfeizig HPX BRI BRE ST

ffi ] MEGAS. 0 %4 ( Tamura et al., 2011) X} A
ARSI HPX PR 1 28 11 5T 4 B 0 51 45 X B ST 922
HPX %1% 1 3 [ 5 5 R 09 28 11 5 9 Y 5 9 i 47 22
HFH R, 8 X 45 R A 2 L% 65 1 I BR S =
Hi ok FASTA #% 20, 1% FASTA L4 7£ DAMBE
¥Ae y PML #% U J5, @ it PAML ( Yang and
Nielsen, 2000) i PF 538 B AT [A] SCRF#48 (Ks) |
JE ] A % (Ka) LA Ko Ka/Ks {8, AT 43 BT H1 42
PRI HPX LD TR [ SR FREE T 52 31 1 e 458 1 ) A ik
Fep
1.5 rfedrirfn 3 B AR SR HPX EE R R
ZEEXR

i# i PAUP4. 0 #1 MEGA6. O 34, i A B KA
SREE (maximum likelihood ) , % T 2 3L R )37 41, LA
i SR Ay SR A DR b AR I X)L T AR I B s TR
BRI S e HPX BRI R G KB L FR. @
PAUP4.0 FI Modeltest3. 7 ( Posada, 2003 ) & 7Rkt
= H 2 EN] ( Akaike Information Criterion, AIC) 14
HHIXSE R ) HPX A% 1R 135 51 114 dic A 2 A A5 B Sy
GTR +1+G JHEIZB R TIZ R G LT KR MW
fir, BT 1000 RIWEE IHERFELEW L5540
3¢ bootstrap {H , 1184543 LG ATF

2 #R

2.1 iy HPX KRERE R HEBU F S

i1t VectorBase B A 455 , X HE V% 150 3R K
PSRN BRSO R 4 53 0 18, 14 F112 4~ HPX
B BETE DRSO  B HR 5  AE W e WESE e
I PP AR R A SR L2 P 91, FRATT 4 5 20 A rh
AeFie HPX B, 55 X LI 4% Rl 5 41— Bk ik
65% ~97% (1), HeT AL i 5 X 4% i
HPX &K 7 8] 1) X, S5 A S AN 2 Py o0 i (&1 1)
Lot HPX BE[R Z 48 % A2 50 R HERT , 278 X L 4%
W HPX KR I i 44 R GE, AT 148 A4 B0 HPX K
G 53 4 A W K E——Peroxinectin . 5K Ji% |
Peroxidasin WV %% % . DUOX V. % % #il DBLPX V. %
TG, A3 B 17, 1, 1AL AR b, HIE R 3l 44
AsHPX1 - 17, AsHPXd, AsDUOX 1 AsDBLOX, H.
i, AsHPX16 Fl AsHPX17 S ANLEAE T X FEIE Fi g I
PRIZH i 2 ASHT LA

IX 20 A HPX A 1) 2 LR 17 91 HA
226( AsHPX8) 5] 1 656 4~ ( AsHPXd) ZJLM2 , 4> Tt
729.6 ~184.3 kD, &5 50 5.25 ~9.24 {55 ik
KER 17 ~26 DMEEER, AT EK R
-0.152 ~ - 0.712 Z[a], FHB HPX FjEE A KDY
HFKMEE X5 HPX K F o Al s v
X —FFHEARAT o

fEiX 4 W FK &, Peroxinectin V. 5% % .
Peroxidasin V. ZZJ% A DUOX WKk 1Y & FEig 1 H B
A —A> peroxidase 45418, i DBLPX IV 2% H.A W
A~ peroxidase %541, — 4~ 7F & K ¥ ( DBLPX-N)
5B JE R (TM) A 3% , — M 7E R H 2K 3 ( DBLPX-C)
5 Willebrand Type C (VWC) 2 45 M 4H%E , 5 HAlh
F dU 9 DBLPX I 5 J& &5 # 38 A [A. it 41,
Peroxidasin WV 4 ) C 3t 525K 38 VWC HI% 1%
SR ITE AR R P A R, f5 5 HPX
4R (Soudi et al., 2012), DUOX WK ESR T
peroxidase ZE AR, 17 C S 14 45 W 5 R (TMD)
3 A~ EF-hand 7 (558 74553 F) , — Ferric_
reduct ZEF3, L% —A FAD S50 31—~ NAD 4%
¥4 ( Debeurme et al., 2010)
2.2 rhfedgiy HPX EER %

FIH GSDS (http: // gsds. cbi. pku. edu. en/) 7§
LRIRAEAY B P AR IS HPX 32 (KA 7N &5 1 N Ah i
THYECR | A SR, SR R TR AR I HPX
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RN FH NG F o2 R K, 45 R &
FIDLE 2, X SeE A 98 ANAh i+, KR 63 ~
18 833 bp, 43 L E 1 ~ 12 A4h 8 T Hok,
AsDUOX 1 AsHPXd BAT 12 45T, AsDBLOX 45
8 MNAHMW T, AsHPX3 5 7 1Ab W F,4 AN
(AsHPX1, AsHPX4, AsHPX12 F AsHPX16) ELA 5
AINB T, T A S (AsHPXS , AsHPX6, AsHPXO,
AsHPX10, AsHPX11, AsHPX14 1 AsHPX17) BA 4

A Peroxinectin

S

T eroxiaase domaitn 4

B Peroxidasin

S LRR 16
P — —
M —— -
C DUOX
_ o ™ _Efh
eroxidase 1
D DBLPX

AN BT, ASHPXS F1 AsHPX13 & 3 N4k 7,
AsHPXT Fl AsHPX15 & 2 AN BT, AsHPX2 {55 1
T

Al HPX B LA 75 NSNS, B
HEA O ~11 NN & % KBl 45 ~ 10 228 bp,
AsHPX3 , AsHPX9, AsHPX13 | AsHPXd, AsDBLOX #il
AsDUOX BAAKMN (1 199 ~10 228 bp) , HiAth
LAY N & R BEAH 2 50 (45 ~598 bp) o, X 4B

Mg,
. eroxidase domain |
T™™ Ferric_reduct FAD Nﬂ)

1 Ay HPX KR 1Y
Schematic view of the domains and motifs of the HPX family members in Anopheles sinensis
A ; Peroxinectin V. Z¢ji% Peroxinectin subfamily; B: Peroxidasin V. 5¢ji% Peroxidasin subfamily; C. DUOX IV.Z¢j% DUOX subfamily; D: DBLPX V.5 ji%
DBLPX subfamily. S: {55 Jik Signal peptide; LRR: 542 5 % J7 %1 Leucin-rich repeats; 1G: i REERHE 1454 3, Immunoglobulin domain; VWC . C
T I A i A T 45 44 18 Von Willebrand factor type C domain; TM; #5 12 E Transmembrane helices; EFh; 45454 %5 EF-hand calcium
binding domain; Ferric_reduct: £k 7 J5 & 19 4544 1f Ferric reductase domain; NAD: £kiff JEEFZE NAD 454 454 38 Ferric reductase-like NAD
binding domain; FAD: % JRIEENS K F R4S A 25 #41 Flavin adenine dinucleotide binding domain.
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Fig. 2 Structure and intron phase of the HPX genes in Anopheles sinensis
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