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B E [BHM) SHESWVEFEY Apis mellifera FEBE-1-B5IRUEIREE 1| ( Sphingosine-1-phosphate
phosphatase 1, AmSgppl ) IEF A FHHAE . SRSFI)T . SHEA R G, T AmSgppl WBTZS Fik
3%, 9 AmSGPP1 [IIRERI LIRS H MR, [ A& ] 1T PCR WAF AmSgppl D, XA
Hr AmSGPP1 A94FAFE . RSP R R A IELSE . RT-qPCR i AmSgppl 7€ T ¥R P A% 7 A~ 441
AR SRIA s PR AmSgppl #EOR. 3 HER (d) (4hH# ). 5d (4hH ), 7d (FsH ). 9d (Tl )
F1rd (B), DIRTH#R 1, 2, 6. 8. 12d AR RAR, [ G5R] AmSgppl 1674 )7 % T M B
i3k, CDS & 1302 MEIHIR, Fuf 433 N HLMR . AmSGPP1 W/ F ikt 2l 49.53 kD, H AR
WARBCH 107.37, SFHA AN 8.59, AT YR /K R BN 0.321, AT A2 A7 T B 20 M S Fn i 44k
VIR, AmSGPP1 &4 7 MEEREHIER, EARSE T, WrEk 5 8 AFhi SGPP1 AMIMY 1
AHAE 4 PAP2_SPPasel £5#93A1 10 AR IIRSFIET . AmSgppl TEVE 5 B e T Ml 1) 7 LR 22
S5, IR A2 KRB i, TEMRIKZ . AmSgppl FEVE 7 BR | ) ORI 22 55 5%
ik, fEDRThR AR, 9d (TR ) fAIN, HFRIAEBER E I RIEEIREAL; AmSgppl /ETHE 1. 2. 6.
AN 12 d RN ZFFRKIL, 7 12 d i P RA R, LB &S TH e P<0.05)[ 418 ] AmSGPPI
JEGUKPER I N S IR (1 T B S A Rh Y SGPP1 B B i L A M i A <k, DA B S
PRI IR 5 AmSgppl 76V 7 B4 I R R ALV & & BB 25 R 85k
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Molecular features and gene expression of the
Sphingosine-1-phosphate phosphatase 1 in Apis mellifera
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Abstract [Aim] To analyze the molecular characteristics, conserved motifs, structural domains and phylogeny of the
sphingosine-/-phosphate phosphatase I (AmSgppl) gene of the western honeybee (Apis mellifera), and analyze the
spatio-temporal expression pattern of AmSgppl. [Methods] The expression of AmSgppl was verified by PCR, and its
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molecular characterization, conserved motifs and phylogeny were analyzed using the relevant software. RT-qPCR was used to
detect the relative expression of AmSgpp! in the antennae, brain, hypopharyngeal glands, midgut, venom glands, epidermis
and fat body, of adult worker bees, in eggs, 3-day-old larvae, 5-day-old larvae, 7-day-old pre-pupae, 9-day-old pre-pupae and
11-day-old pupae, and in 1, 2, 6, 8 and 12-day-old adult worker bees. [Results] AmSgppl is authentically expressed in
worker bees. Its CDS contains 1 302 nucleotides, encoding 433 amino acids. AmSGPP1 has an approximate molecular weight
of 49.53 kD, a lipid solubility coefficient of 107.37, an isoelectric point of 8.59, and an average hydrophilic coefficient of
0.321. It can be simultaneously localized to the plasma membrane, cytoplasm and peroxisomes. AmSGPP1 contains seven
transmembrane structural domains but no signaling peptide. The SGPP1 proteins of the 4. mellifera and eight other species all
contain one identical PAP2_SPPasel structural domain, and 10 identical conserved motifs. AmSgpp1 is differentially expressed
in seven adult worker tissues, with the highest expression in the fat body and midgut tissues, followed by the venom glands.
AmSgppl is also differentially expressed in the egg, larvae, and pupal stages, with the highest expression in eggs and the
lowest in 9-day-old pre-pupae. However, in adult worker bees, significantly higher expression was recorded in 12-day-old
adults than in younger adults (P < 0.05). [Conclusion]

AmSGPP1 is a hydrophobic, intracellular, transmembrane protein. 4.

mellifera SGPP1 exhibits high conservation of motifs, domains, and amino acid sequence homology with the SGPP1 of other

species. AmSgpp1 is differentially expressed across various tissues and developmental stages in A. mellifera.

Key words Apis mellifera; sphingosine-1-phosphate phosphatase 1; spatio-temporal expression; bioinformatics; molecular

characteristic

P ¥ Apis mellifera JF/A= TR , 1256 F
B oRe 1o | gt i mn . A AR
R RS RHIE B DL R S R R TR 2
s, fEREFE gz &R,
2017 ), P ME/E N ELEMATTR R, HAY
SRR RN A BB A RS RTTFAOb AE ™ | A AR
DL ) Z R DR AP Oy T AR B

W BE-1-E PR BE R ¥ 1 ( Sphingosine-1-
phosphate phosphatase 1) 1E—Fj P4 it 5 B4
My, HAREE I DIRE, BB L — Tk Hb A 1b A
Z-1-#512 ( Sphingosine-1-phosphate, SI1P) &
R BERAL . SIP 24N A Z Fh A= 9223
REMCHEE 50, REALEYIEER IR/
T, WIS 5 AL AR i
F AR 5 IIRE (XIEE4%, 2011), SIP 5@
5 G HEAMECZIA SIPRI-5 454, JHEIRG
KB . B ZMgis i ( Cartier and
Hla, 2019). fF5¢3RH] SGPP1 i ik 35 4L
SIP FAAS, il AR AT S B SO PN Jo 19 1o 385
S W AW ( Lépine et al., 2011 ), FEIEIH &
Magnaporthe grisea 1119 S1P U832 S1P BER
MoLcb3 (SGPP1) ¥, Mk MoLCB3 N2
3 S1P LMLz BH, BRFERRTRAS, i
(£l =22 0 SN (W V0= | 5 W& ) i L

MoLcb3 i i % S1P i B iR b S 5 8 A5 -1ty
AN (SRR, 2024 ), AERBPET
SGPP1 [ IIREASE i A2, HAR &S | A8
Tifie LA B HL A 5 A A o i — 2P 480T ., v
J7 %% SGPP1 ( AmSGPP1 ) INREWFFE 12 2s
)

A58 2 A YA B vk, T
AmSGPP1 & I3 FHEFPRAL T, XF L4y
M4 7 % 4 5 HA W Fl SGPP1 1 R G it AL ML
GERE ARSI, PR AmSgppl FEH
(T2 835, LA 16 7R T2 2R A 76 VG 7 3 R
P A )2 D RE SR L ERIE 2 2% 5 S0 ik s

1 MRE5RE
1.1 Embl&E

BERER IR . AR AR MR i 2 S AR W R 22
B T ) S PGy e e A . BN (n=30), DI
Wb 3d (4hH ), S5d (4 ), 7d(HikE 1d),
9d (FMH3d) A 11d (8 1d) MEES (n=3);
IEM TR E 1, 2, 6, 8 Al 12d FES (n=3).
PRI H 5 A VG B i T e Al o, U T UK
RRBEAC PR, HIE AR . B, . . B
. REFARIIARALZL, WAEAR, - 80 CHIfK
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KRR ] AR DR 3 MY EE
1.2 RT-PCR

1E GenBank %4/ ( https://www.ncbi.nlm.nih.
gov/gene/409900 ) Hi A if] AmSgppl (&5t .
XM _001122506.5 ) 4 CDS X JE5{5E, #itIf
A SR AR B, i Trizol WAL
P57 B T e g iU 408 RNA, it 5%
SR G (M, PE) A cDNA, 2 Liu
45 (2024) JTH:LL cDNA HEEHGHEFT PCR 37
W, EmE 3K,

1.3 &£HEEESH

it NCBI M3 3545 AmSGPP1 & [ & 5
W2 N T 41 . AmSGPP1 & [ ERALME T . SEK
PR = 258 3 Expasy M¥5AY Protparam .
ProtScale fll SWISS-model 4347 . f#i | CELLO2.5
W AmSGPP1 WA E 7. FF TMHMM
NetPhos3.1 Fll SignalP4.1 Server 2 SOPMA 45l
3B AmSGPP1 # FH B ALALA . fF9Ik. =
Py L it IR Aa

fif ] Blast T E-K¥f AmSGPP1 232741 H
XF#] NCBI #di %, #4E E(H/h, —EhEm . &
TR 5 238 T 2R A 7 6 P )R R 6 v ) LA
YiFh) SGPP1, M NCBI GeneBank %+ T
WU E e | BEWE Osmia lignaria, K%Y Apis
laboriosa . B Eufiesea Mexicana . K% 14
Apis dorsata, ToR|¥% Frieseomelitta varia . /N
¥ Apis florea . ZRJ7# W Apis cerana FREIE
Bombus bifarius 1 SGPP1 ZIERIF5), #H47[R
VEPE 1. f5 B MEGALL.0 R F fT #5 2R 10
CLUSTALW TR, Xf 9 ™MFh i) SGPP1 #4772

=1

HRF A Z E LY, 12 H Bootstrap neighbor-
joining JikHE R G (ZHE 1000 KE
2 ), X H Blast iy CD-search T.E. 1 MEME ¥
Wi B E RS R SGPP1 HAR ST I T L,
3. DR EIR BN S 2L

1.4 RT-gPCR

KIE AmSgppl WIBATERFS), {#iH Primer-
BLAST TEZ KM% 11 AmSgppl ) qPCR 514
(£ 1). AMENSERBFEENE, APk
$& Actin 2 ( GenBank &35 406122) 1EN
WS, ZILHEE S 2N KB B b =ik
FasE, D BZIE LN LA 2R (%
g4, 2022; SKELIESE, 2023; 5K SCFESE, 2023 ),
AR EU A A 7 AN RS R E BB
FESL G RNA, S SkAH)Y cDNA #£47 qPCR.
YT 3 WA EE M 3 REARESR . EEE
B, SRS ZE 24507 (One-way ANOVA
FEML Tukey’s K56 ), K5 P < 0.05 1R HIlr 22 5
FERIFRE B, JELL 27225 AmSgppl 1)
FHXF IR L, T IEAEY SRR EZE 100% (AP
E=2) WM T BA BRI r 54 (Zhou et al.,
2025 ), HIASSUERBY, ASLE AmSgppl 5
Actin WP HERCRIIAET 90%-110%35 FlN , 754
27AAC e (3 T 451

2 HREHH

2.1 AmSgppl EE CDS § 1

PCR Y™ 34 17 WI45 & FUH /N 241 300 bp )
Hemwp— (1), R AmSgppl 18 V4 7% 1
14 Ji 1 v B S AEAE H AR

5MER

Table 1 Information of primers

£ FF Name JF%1 (5'-3") Sequence (5'-3") & Purpose
qPCR-S1P-F GCAGTTGGTAGAAGAGTTGT
qPCR-S1P-R GCATGAGTGGATGGCATT
qPCR
actin-F CAATCTCTCATCCTCCCTTACT

actin-R

TCTTCACTCCTCACTTCTCCT
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B 1 AmSgppl EE CDS # & 7= FI3R e 15 B AL BB ik
Fig.1 Agarose gel electrophoresis for the amplified
product from CDS of AmSgppl gene
M: DNA marker; 1, 2:2 HPGJ5 20 T 040 H

JiE 41411 PCR 774
M: DNA marker; 1, 2: PCR product of gut tissues from
two worker bee larvae of Apis mellifera.

2.2 AmSGPP1 EHHIIBL MRS FHFE

AmSgppl 1) CDS &4 1 302 MR, BE
e i 433 MNMEERAUREAR, 5T
JUE 2 49.53 kD, 73T 3N Cazo6H3544N5500615S 268 »
P ER MmN 8.59, BAMIBK RN
107.37, “FYRIER K RECH 0321, BiKE
ML TrKkaEmREE (K 2. A),
AmSGPP1 % 31 MU HL T2 5. (14 4~ Asp il
174> Glu) F1 37 A IE 2 1R (13 41> Arg Fl
244 Lys ). AmSGPP1 % 9 4™l A R R fb A7 45

(o]
;‘3 42 8
5 3f g B — 22 R Serine  — BEER Tyrosine
§ ° 1k ¥R Threonine— H{E Threshold
o 2r I
= i |99 g
2 4
= s e
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> [ | gg
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Fig. 2 Physicochemical and molecular property of AmSGPP1 protein

A. JEARYE; B, BERRALOIAD; C. fH5k; D. BSOS, B, 945, F. =045,
A: Hydrophilicity; B: Phosphorylation site; C: Signal peptide; D: Transmembrane domain;
E: Secondary structure; F: Tertiary structure.
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AN HARRBERR LA A 21 N2 E Rk
u;ﬁ (B 2: B), AmSGPP1 & [ % [l ki 5 i
Hh 7, FEA 187 ANEHERA TERIX, HAE
Mk (B 2. C, D), 4, AmSGPP1
GGl npaeg ivas w2 1] 00 RN Y L S PR = A 7 N—
HeER AT EE R B oR, AmSGPP1 1 30 4>
(6.93% ) FEMHEE, 198 4~ (45.73% ) JCHLE:
F1205 4~ (47.34% ) a-42J5E (4] 2: E ), AmSGPP1
) = egs e 2 (F) FiR.

23 AAHFEEMHEMmWFH SGPP1 HAESHK
S

FEVIRRIEARRS AT b, PG O e 5 7Ry i
) SGPP1 RIIEHL T — AWML/, =3
I AR RS R AR . B S5 RE
HOEFI TSI ) SGPP1 B h—A K3 Jtt%
INEEWE | R FIREIE (1Y) SGPP1 45 H MM 52K,
O3 I BB — 1 o S (1R 3 ),

YFh Species FEH %)) Protein sequence number
100 RE#E Bombus bifarius XP_033312851.1
100 { 5 1% Bombus flavifrons XP_068972793.1
64 —— JH|i& Frieseomelitta varia XP_043517784.1
74 A% Eufriesea Mexicana XP_017756616.1
(@ﬁ%ﬂ‘é Apis mellifera XP_001122506.2
ek 100
KRB Apis cerana XP_016917009.2
INEE W Apis florea XP_003689971.1
KE ¥ Apis dorsata XP_006611832.1
BEWE Osmia lignaria XP_034174480.1

B3 PEEMENET SIP EESERRIINEAEESHA 8 MM RSEHMAK (1000 REE )

Fig. 3 Phylogenetic tree of Apis mellifera and eight other species based on amino acids of S1P
proteins constructed using neighbor-joining method (1 000 replicas)

24 BHEEMHDF SGPP1 EAKFRTE
Fr N s

AmSGPP1 % 10 MESFET . Motifl- Motif
10, ik 10 MRSFIEF WAL TR H % . fE
W MR RENE . ROEEME . /NESIE ORI HGA IE 7
AP SGPPL Hf, FETCHIE R AEAE 9 AR
FIPRSFIET (B 4: A)o 78 9 AP 15 55 5 5|
1 MHHE R PAP2_SPPasel Z5#458 (18 4: B),

2.5 AmSgppl EERH = RiLHE

RT-qPCR #5045 5 715, AmSgpp 1 1594 )7 %
W T e R i 5 7 AL A ik . AmSgppl
F e S T a1 20 i Feak Kk Bl B, J

IERTE =iy UV N Y&
fZeiki (P<0.05); EREMR Rk a5
W TEflA . Bk, R BR AR BV AR
FPEER (P>0.05)(E 5. A). AmSgppl 7EVE
JrEEwE TIEMON, 3d (W), 5d (4hH), 7d
(TG ). 9d (THMH) A1 11d (W) h2EREIK,
H R & B B (8] 2 W R AIK . AmSgpp 1 FEBR
PRk E R, HREm T 5d(4H), 74 (i
B ). 9 d( T )N 11 d( 4 ) Fy A E( P <0.05 );
AmSgppl TE 9 d( Tl ) R E ALKl 5: B ),
AmSgppl TETH#E 1, 2. 6. 8 Fl 12d jlidiikN 2
SFRIE, fE 12 d AR RRERS, BES
TRl R A H # R A E (P<0.05), 7£ 8d K
HARN M REERM (B 5: C). KRBT
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A
Y)FP Species

P97 B % Apis mellifera
#J5E W, Apis cerana
KEWe Apis dorsata
INEK & Apis florea
H ¥ Eufriesea mexicana
REW% Bombus bifarius
ToH¥% Frieseomelitta varia
# % Bombus flavifrons
BEWe Osmia lignaria

HF s
Motif Symbol

TR

—_

YyFh Species
P )5 ZE W Apis mellifera

KRITE M Apis cerana
BB¥& Bombus bifarius

BEWE Osmia lignaria
B Eufriesea mexicana
Tofi|i& Frieseomelitta varia
INEE Y& Apis florea

W& Bombus flavifrons
K& Apis dorsata

GenBankl{3#%5
Accession number
in Genbank

XP_001122506.2
XP_016917009.2
XP_006611832.1
XP_003689971.1
XP_017756616.1
XP_033312851.1
XP_043517784.1
XP_068972793.1
XP_034174480.1

F: 7 7% Motif consensus
CWARPACPPAVRLQDKWSEEYGMPSTHAM
GDEIFYSTFIPFWFWNIDGAVGRRVVLVWAIVMTIGQILKD
YYPCSKKWTPTRGDTTMVVSV
TTGVHLGAWLNYNTGAMIAPTKSPPYDIIWPSYPMFGCMILRTILGFCSI
ZNYSENKNKVLVDLVHKYVTCFMIGVNTVYLLPNVFTMIGIERPTFYTEI
RLYLGMHTVLDILAGLLLAIALMIPLVPJVDITDYYILSNIWALAILIA
MWSEIVEYLKDASLVAKIQKYFGVKIHYT
SEIHDTNSRNIKLNSNIFLLKSEEIKENGYIATEEKIINVN
DKQKZSSTIYNTNYTITNYFWYYLFLFGT
LATRAVCKSLIYGTMCAILKINSKDJMKS

GenBankIl{ %5

FFF I E Motif locations

() PAP2_SPPasel

Accession number in GenBank

XP_001122506.2

XP_016917009.2 ——(

XP 033312851.1

XP_034174480.1

XP_017756616.1 —— S

XP_043517784.1 ——
XP_003689971.1 ———

XP_068972793.1 —— (.
XP_006611832.1 ———

5' 3
0 50 100 150 200 250 300 350 400 450

4 FHEESHAMS N SGPP1 EANRTERF (A) f&HIE (B)
Fig. 4 Conserved motifs (A) and structural domains (B) in SGPP1 proteins
among Apis mellifera and eight other species

AmSgppl WRIKEFRIEAN R LK T B B+
R —2PE, H 58 ) A4 B S A0
G, BUPYITEUR A RS A AR

3 SRS

B - 1 -WETR BRI 1 ( SGPP1 ) 7EE A

P ) 7 38R b e s A e v B AR
( Taguchi et al., 2016; Petrusca et al., 2022 ),
SGPP1 fi#fk SIP (1 @Rk, SIP HEAEH THL
W5 ( Prohibitin2 ), 5 LRI IR 3 A
(Wen et al., 2014 ); S1P 15 5025 i ERAE 1Y
Fi Pt (Tang et al., 2019), k3243 hEk [
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Fig. 5 Relative expression level of AmSgpp1 gene in different adult tissues (A) and
developmental stages (B, C) of Apis mellifera workers

B i o bR S, EARI P RERIR 2253 B3 (P <0.05, Tukey’s K5 ).
Data in the figure are mean+SD. Different letters above bars indicate significant difference (P < 0.05, Tukey’s HSD test).

P, SIP ATLMMERIT S1PRs, -HEHE/N
SRR geE 1) e A 0 = BA LR AN (0 6 8%, (it
JEF TR A 1 AL 40 T 444 R 1R D8 AR e T 46
1)i ( Fathi and Farahzadi, 2018 ). fEEH ', SIP
WAENE T A ( Taguchi er al., 2016 ). Pilds
(Imerietal., 2015) FiHi (Liuetal., 2024 )
HORYEVER, (HE B¢ T SGPPL HUAHICHISY
WA A,

A GE NV J7 2 0 B s R B AmSgppl
i) CDS X (& 1), EWEE¥mir iR,
AmSGPP1 {43 F &K 49.53 kD, HV RECH
107.37, BRIEA5EH 50 8.59, & 7 MEIREN,
RS HAESK (K 2. C, D), AmSGPP1
V-4 55K 250k 0.321, PEBHHAT BBk v

HEH (K 2: A), AmSGPP1 ARG TAPE B FEs i
SERIR, (EFLREA E AR EREAR Wy T2, X
SGPP1 Z 51 . (s 5% 5 . Yo fi
4 g 18] A5 EAE I DI HE ¢ ( Petrusca et al.,
2022; Zhang et al., 2022 ), AmSGPP1 & F )i
JIE A M A A B A, R AR S
RAENE o i S A AR o3 ik ash S Ak SRR g
Je A g, e b A EEAEH (Di
Cara et al., 2023 ), #E] AmSGPP1 AlEZ 5%
AR R N G e Bl (T ¥, 2021 ), DU 4%
X AmSGPP1 HEEAL & M 5 43 F R IE AR OCAE B
HEAT THFE, A H RSO REIR R Mo it T B
(e =

B4 A8 SR S B o ) T ATk ST AR
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1 e/ NGERE 5 DI RE R IC , LA 1l T 2 30-100
DRI (HAFERME, FEARE AT
3k AFTE AT S5 R B, AR A A I A )
ThEES5/E LT ( Sahoo and Buck, 2021 ), A
SRV Jy 0 At 8 MRS SGPPL Hr, 1
YEF] 1 MHHFE R PAP2 SPPasel 443l A 5 4
R B PF3EF (&l 4), PAP2_SPPasel 4543
TENZE Homo sapiens . 5§, Mus musculus FUSRAE
Macaca mulatta ZFVEF. a0 SGPP1 T INTELE
( Wang et al., 2023). Vi SGPP1 NMUFE L it
9 A, A 7E N 2L B W A A A o b o B RS o
AT KIL, AmSgppl TEVE 7 5 W% 7 ASANF]
U A Feak, KRB AmSgppl Sr A ik
Bz M T HEAS, B ARnyh i
PR ZUR R BRI 32357 ( Qiu et al., 20235
Wang et al., 2023 ), AmSgppl 1t i Ffg A
eIk, HE AmSGPP1 & 5 B W AR AR 72
AmSgpp] TEVY J7 806 T I (M IR AN 3 d 4l L RaA
R, XA R A BRI R 2R A0 ¢
BERIY . UAIHZAT AmSgppl W FRIE S5 HERE
BRGS0 6 e B AT AT A
KA, T RE AR Bl H 0328 39 1 A2 fk 1 5k
FHARE ST T WP T8 A% O 55 R L 55 T B
FE PRI 5-12 d 19 T LRI & 400
12-18 d MARIFE . ~F TAFHRTT; 1F H %k
B 18 d 5, TN 5EAEe ASNERAE N TAER
B (K, 2017), AWFEH, AmSgppl M3
BEAE 12 d B3 BFE (& 6: B). PHJrE &M
HUER | PR BLL S IR AT I M FE K =
RUREE, HEM AmSgppl WA= S HRIT A
KR, [AFFH— LA gk
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