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glycoprotein 2B gene in Apis cerana

SONG Yu-Xuan'!, DONG Shu-Nan'!, YE Dao-You', ZANG He'23, FAN Xiao-Xue!?3, QIU Jian-Feng'23,
CHEN Da-Fu'>3, YAN TI-Zheng>**, GUO Rui">** (1. College of Bee Science and Biomedicine, Fujian
Agriculture and Forestry University, Fuzhou 350002, China; 2. National & Local United Engineering
Laboratory of Natural Biotoxin, Fuzhou 350002, China; 3. Apitherapy Research Institute of Fujian
Province, Fuzhou 350002, China; 4. Institute of Reproduction and Genetics, Dongguan Maternal and Child
Health Hospital, Dongguan 523000, China)

Abstract: The objective of this work is to enrich the information about AcSV2B and provide a basis for
further functional dissection, by analyzing the physicochemical property and molecular characteristics of
the Apis cerana synaptic vesicle glycoprotein 2B protein (AcSV2B) and detecting the expression profile of
AcSV2B gene in different tissues and developmental stages of worker. The expression and sequence
authenticity of AcSV2B in A. cerana worker bees were verified by Stem-loop RT-PCR and Sanger
sequencing. Relevant bioinformatic software were employed to predict the physicochemical property,
signal peptide, phosphorylation site, secondary structure and tertiary structure of AcSV2B, to identify and
compare structural domains and conserved motifs in SV2B among 4. cerana and other species followed by
construction and investigation of the phylogenetic tree. RT-qPCR was utilized to detect the relative
expression level of AcSV2B in various tissues of worker including antenna, midgut, brain, venom gland,
epidermis, hypopharyngeal gland and fat body, in egg, larva, prepupa, pupa and adult of worker, and
worker adults at different day-old.AcSV2B was really present in the worker bees of A. cerana, which was
consistent with the predicted results. 4cSV2B contained 3 814 nucleotides, encoding 671 amino acids. The
molecular weight of AcSV2B was approximately 72.87 ku, the molecular formula was
C3317H5162N8420940S31, the aliphatic index was 102.32, and the theoretical pl was 6.02. AcSV2B included 24
serine phosphorylation sites and 11 transmembrane domains, but there were no typical signal peptides.
AcSV2B was mainly distributed in the endoplasmic reticulum. Additionally, AcSV2B included 6 structural
domains and 5 conserved motifs. SV2B from A. cerana, Apis florea and Apis mellifera were clustered into
a clade on the phylogenetic tree. Furthermore, the relative expression level of 4cSV2B was the highest in
brain and significantly higher (P << 0.05) than that in antenna, midgut, venomous gland, epididymis,
hypopharyngeal gland and fat body; the relative expression level of AcSV2B was the highest in 8-day-old

prepupa and significantly higher (P<<0.05) than that in egg, the 3-day-old larva, and the 7-day-old prepupa;



the relative expression level of AcSV2B was the highest in 18-day-old adult and significantly higher (P <<
0.05) than that in 1-, 2-, 6- and 12-day-old adults. AcSV2B may be a hydrophilic protein, transmembrane
protein and intracellular protein, The SV2B of 4. cerana, A. florea and A. mellifera were highly conserved
and homologous, and AcSV2B was highly expressed in brain, 8-day-old prepupal and 18-day-old adult.

Key words: Apis cerana; synaptic vesicle glycoprotein 2B; molecular characteristics; phylogenetic tree;
conserved sequence motifs

5 fih # U HE & 1 2B (synaptic vesicle glycoprotein 2B, SV2B) &5 fili # i 55 1 2 (synaptic
vesicle glycoprotein 2, SV2) ZKJEH —HM[E TR EH (Stout et al., 2019) , WIRAFAE T 73 FIH

(BFERMFE) EMEEER, Aaftidd Rt AAEZIEN (Heeseetal, 2001) . Ik
RF £, SV2B 2 5l AEH (Paulussen er al., 2023) . KK H (Lopezetal, 2023) FI%
BN (Cheng et al., 2022) Z5EZAJFHIMIEE. Lazzell (2004) ZEAF 50 K8, SV2B Al DL 58 fi
58 E 1 (synaptotagmin 1, SYT1) E#EAHEAEH S SYT1 MR Az, Z5AER.
Duan %% (2021) &I, SV2B FKJk ML RE S FEN WAL M MIGIHE . RFBAITE BE TG54
Detrait % (2014) &I, SV2B Wk KX B-VE ¥y 8 7 /N B Mus musculus AR BERRE
BRI AAFIBERG B A ORI ER], ULBH SV2B & p-ve i FE i F X R D) se A HAE -G E RS 5% .

" A X N Homo sapiens (Zhang et al., 2020) /N (Detrait et al., 2014) 1P 5 #F #
Botulinum (Dong et al., 2008) &Y 54V SV2B #H4T TR Z 5T, HlinD &4 (2023) K
i i B R A B B d o R R R 4L 4R SV2B JEAT T AEME B, KRB SV2B TE I TR
HAFHREERERTAIETMALNFFIFRIEE. Requena (20200 WFF K, SV2B 7 FH5H
Mustela putorius furo KN 5 JZ2 1 B IR o 2 5 8 45 T0 iy JECRT DR 12 Joi 4 P 64 5 375 1A AR 228 JE U IR
J R A A A ke FE R SV2 HE A ST FUAS A0 g Hodt F 218 . fE R Wb, SRR B A [FIR
Y1 SV2L1 A SV2L2 fEJE i T X iR AT PR A IO ORI 4 Pl A lS AR A, 243K A ik DR e P
Je T TER BN ZIRITIER A (Olseneral., 2023) o 7EFZE™, SV2B W/ S KB ME B
B, IR 2 iR 2 B A 1) 4y (Fang eral., 2015) .

IR E W Apis cerana FEAMAT T LM A E L AFEAL H ARS8 A5 [ 5K MR P W AR X,
BHARORIMHRIE . SURPEAE NAE, 2 ) 2500 B A P g (Zeng et al., 2017) .
HHl, 7877 % SV2B (AceSV2B) MIBEFLAL T2 B Hr Br. ik, AHFFUAE GeneBank %4 /%

(https://www.ncbi.nlm.nih.gov/nuccore/XM_017049040.1/) &) AcSV2B FER I 751, FIH 5
T BE Sanger P P RAIE LS, JEILAEYIE B AT AcSV2B H F AL BRI TR AL,
S LR 5 B AN oAl B 1R SV2B 8 11 K O °F 2 3 AN G5 A O F BEAT R et A o i, Bk i A



AcSV2B 1E A J7 Bl TG A A LR BN B RIER, BIEFEE AcSV2B IEAE L, FFhit
— B I Th BEBIF FUAR AR 21K 3
1 ¥RERE
1.1 IR h

FRT5 N T g i, A AR AR R e 5 5 A W R 24 2 B e R TR R 2 ) 5 (1 SR AR e
1.2 #&aH&

(1) MBI R I M P SR — Tk O SR A S =, EMRRIEE N A T IR I OF (n=50)
WA TR MBSO (2) RIEAL S OB ARREE (Cheneral, 2017) HEATH) BIFZR A
HURE: RS B 2 iS4l B BB RN 48 FLES IR, B THIEMEEM Ol B AR
i 35°C+0.5°C AHXTHRJE 70% M & 4F T A3, B 24 h B4 | OB SEda k), 2 AlulcE 3 Hid 4
(n=3) . 7 HESTUE (n=3) . 8 HIATHME (n=3) R 12 HEMH (n=3) . (3) SiEH—5K
i (¥ et 3 7 B, TRONIELIR BV RS FRAE, A HORE B S BTG RTE B AR E S S AT AR I (I
HNOd) JEHE R (2915003 , 0541 Hig. 2 Hig. 6 Hi¢. 12 H#. 15 HigA 18 H
RIS HEAT ISR T s RE i (n=3) 5 (4) WCRNIH B T 8 Tok LRI, B8 LIEGH AT
PR AR RME AR BL BTN O B A . R R AR N R P, BREIARIEMR (n=6) , AN
IITEVK LS8R, AR K PR EERT IE2H 20 RNA B HIEUZHZUBN RNA-free B0, S MRAHR G
Fet% 22-80 *CRRIR UK A PR A7 25 H o
1.3 AcSV2B BYELERY 53 F 52 FE RN Sanger U F35E

#£ GeneBank ¥(#% E Chttps://www.ncbi.nlm.nih.gov/nuccore/XM_017049040.1/) 1 #5if) AcSV2B
FH T 5 (Gene Bank B3%*%5: LOC107992917) , 4% AcSV2B WIALIR T HI VLT IE 1) 519 J
& W5 ¥ C F: 5$-TCTAGTTGTTTAAACGAGCTCTTTCTAACACTTTCAAACG-3’, R: 5°-
CAGGTCGACTCTAGACTCGAGGCCTAAAAATAGTCATCCG-3") , ZHE ik TAY) TR A A it
AT & i fEH RNA #3257 & (Promega, [E) FREUH AL E I TIEFE i )5 RNA, I stem-loop
SIWEAT 55, 1330 cDNA E AR BET PCR ¥4 . MNAAR (20 uL) : PCR mix CiFMERE,
M) 10 uL, ETFWE51490% 1 ul, cDNA #4R 1 uL DEPC 4bHE/K 7 pL. M Z5fF: 95°C 5 min;
95°C 505, 55°C30s, 72°C 60's, 34 MEH; 72°C S min. PCR FEHIZ 1.5%[155 M bl i i fi sl
DI (B0 H i F B, #E4% pMD-19T #4& (TaKaRa, HA) , #4k K AT# Escherichia coli DH5ai4
TERNRPUERN LB BB, BT 37°CAMMR LR . 55 2 REIUR AT E T LB ks
FedE (HEFHAER) TRGEIE 12h, BUDEEREAT PCR %E, 45 KA EREE B



AT A TR FR A 73647 Sanger /7
1.4 AcSV2B UM RS 5 FAHES T
£ NCBI M3 ) ORF T E (https://www.ncbi.nlm.nih.gov/) Tl 4cSV2B 4wt IR IR T 5 o
K H Expasy Ml Chttps://www.espasy.org/resources) _I*f*] SWISS-model, Protparam F1 ProtScale %5 %
- F5CI AN 53 At AcSV2B ) = e &5 4 . BEAL PR BT M SEOK 1 . J3 A R SOPMA  Chitps://npsa-
prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html ) N TMHMM
( https://services.healthtech.dtu.dk/service.php? TMHMM-2.0 ) N SignalP 4.1 Server
( http://www.cbs.dtu.dk/services/SignalP-4.1/ ) N NetPhos 3.1 Server
Chttp://www.cbs.dtu.dk/services/NetPhos/) H A T H1 73t AcSV2B ) — 2 &5k BRI i (5
5 RS R 25 Y48, i WoLF PSORT Chttps://wolfpsort.hge.jp/) #AF TN AcSV2B 2 [ 1) V.41 ffd
SENL. DL ERAFBIR I ERA S 2L
1.5 SR TEFLEE
K H Pfam Wb /) Search T E (http:/pfam.xfam.org/) %55 7 B WE5E 9 M SV2B 14544
I, SRJ5EH TBtools #fF (Chen et al., 20200 #AT /047, RAEAFBIAS S, Wid MEME #ff
(Bailey er al., 2009) % 5& 153 R 77 B A1 ER HoALYI B SV2B IR SF LT, W B AN [F) 45 638K
HEN 6, B/NEIERILIEHCN 6 aa, RKBILIRIKIEECN 50 aa, HARNHKINSEL.
1.6 RGH TR
] A Blast T. B ¥ AcSV2B [ 2 5 B J¥ 41 L& X ] GenBank #{ #% £ ( https:/www.ncbi.
nlm.nih.gov/genbank/) , MAEZEE R Pk S AR AU S5 e £ 7 e LU g 48 R Drosophila hydei
K & Bombyx mori [f] SV2B & 38 /7 51l . i it Mega 11.0 K (Tamura et al., 2021) HHAT
AcSV2B TR P A ) 2 LS, Keifg il SR A KA B AN e, TR F AR EE M R et A
BRI 1000 K.
1.7 FRIEAEALT
HH RNA i k71 & (Promega A7), SEED 70 I FEHL 1.1 5 ) 25 1) g AR 2 2R i ANAS ]
KH B BORE i )2 RNA, AR B HEAT [ 5%, 13- 2/ cDNA E 9 B 3k 47 S 2% 't %€ & PCR
(RT-qPCR) . MAE Quant Studio 3 %¢)65E B PCRIX (ABIA#, £E) EFitiT. LWEhEAR
actin (GenBank 3¢5 : XM_017059068.2) fEANZ . REifARMZMES IR S (2022)
ARE AT B E . BRI HEAT 3 IR EZ M 3 KCPATES . R 2" CkTH 5 AcSV2B AR
Y RiEE . L GraphPad Prism 8 #/F 31T 5 7 thr MZ: &1, FFFIF SPSS Statistics 20 F4F#E 4T 5
IR 75 Z 3 H (ANOVA) , LA P<<0.05 N RZEVEBE. 1 Tukey K48 fl 5 B 8 F b ik by



B 1T 9256 B
2 BRSO

2.1 AcSV2B WIZRIEFAFF 5L IE

S5 IS B BRI P VK 45 SR R, 33 Stem-loop RT-PCR #7184 H 8 — HLA/NE & B A4 kb (&
250bp) WIHBIF B (Kl 1-a) , UL AcSV2B 1575 75 B T h HsRiA . Sanger I 745 1 HoR,
PCR #34 Jv B 095 91 5 BT I TN ) AcSV2B FP ol —30 (K 1-b) , 3R] AcSV2B £ 8 KA H 1 T g %)
A ESERIE,

scaGeTC GACTCTABACTEBAS Illllllllllllllll“lll“lll“ll'
NN NN ECAEECENECNENGEANCERN

AR AMEARARARRENARANaNAGANRARAARARRARE EACNECARRASARAS

EEEEENAN EEEEEE EENERE EESEREE L]

Illlllsaa:tcs TITAAACARCTIAGRATIACACGGCGATICTIIGCCGCCCT
|

Bl 1 AcSV2B B IRHEEE IR UK R (a) FIFFIRAE (b)
Fig. 1 Agarose gel electrophoresis results (a) and sequence verification (b) of AcSV2B
2.2 AcSV2B E B HIIR LI BN FHHE

AcSV2B 5 3 814 MEHIR, WD 671 MEIEMR . AcSV2B 7> T840 72.87 ku, 73T
N Ca317Hs160N8420040831,  NEVE RECH 102.32, EH AN 6.02, AFaE REN 40.14. AcSV2B &
S3 /TR AL, R I8 MRAER (Asp) FI35 MR (Gly) ; 43 MIEHmaER, [
522 MREEIR (Arg) 121 MR (Lys) 5 & B e AR 2R 7 27t 2R (Lew) A
= (Trp)

AcSV2B K HZRK REUN 0386, RKAIEMREE L THKAREREE (8 2-a) ; AcSV2B
A N A EBEERE (B 2-b) , HEAEFHRESIE (B 2-c) 5 AcSV2B 7 7 MR AR BER
AL, 24 A 22 SRR A AL 10K 37 N IR A IR AL i (B 2-d) 5 AcSV2B W& 275 A~ ol
ie CHEE 40.98%) , 22 A& (HEE 3.28%) , 237 MMM/ (HEE 35.32%) , 137 EK
% (5 20.42%) (& 2-e) ; AcSV2B =2 45H) 5 LA AOA3L8DRSS.1.A Y [F] ik 84.16%,
HEBZ a- BTN, 5 RTINS KA (B 2-0 ; 534h, AcSV2B A [FEI &AL T
W RRARFIZ0RAZ, PTREME 5 EL A AN 66.7%. 22.2%A1 11.1%.



a 4 b P45 H Transmembrane MR Inside B4 Outside
8 3t ﬂ ' 12
= — | N o SEEEESS——  F
. E 2l ) wdl‘ \J |‘ wu ﬂ’ z 1
3 1 l“(m r\ ‘_ “ w‘ E 0.8
EE J ‘ L | \ | "U 3y ‘l 206
LML is [ ﬂ (| |
5-1 Iﬂ“ H‘ 1 rﬂ W “ Foa
3 Ll i 0.2
jas) 1 i
-30 100 200 300 400 500 600 100 200 N 300 400_ 500 600
JFHILE Sequence sites JFHILLA Sequence sites
C ' ' TUIRE A Coscore d
1.0 & SR HE C-score
IRE B Y B 938 C-score g
0.8 d L1 SH:IR
g =y =
é:% 0.6 S % ‘
o =2
& 04 %E L L L _
25, Il
o [T = B s ™
SEEE8ONLVOSGOGLASSI00T 15 TeemtrapTaTNT osAEH & F#1{i /5 Sequence sites
0 10 20 30 40 50 60 70
JYBIGL 25 Sequence sites
e T

L L

I I
0 l G() 200 300 400 500 600
P HIAE AL Sequence sites

Kl 2 AcSV2B i [ I BRAL M AN 2 FRHAE
Fig. 2 Physicochemical property and molecular feature of AcSV2B protein

VE:oa, FOKPE: b, BRRAMIEG o SR d BERRILAIAL e UMM (U, WKEE W, olfiE %6,
TR, g0, pIS) ; f, =4t . Note: a, Hydrophilia; b, Transmembrane domain; ¢, Signal peptide; d,
Phosphorylation site; e, Secondary structure (Red, Extended strand; Blue, a helix; Purple, Random coil; Green, B turn); f,
Tertiary structure.
2.3 AcSV2B MIZEMIg R FEF 17

£ AcSV2B F 4 E F) 1 MNS5KIE synapt SV2 superfamily; £ Hth 8 Ff B d1f¢) SV2B % 5 5|
45 14 5 synapt_SV2 superfamily (& 3-A) . {HIEZK A& %€ F) 2 M E5H18: MFS superfamily Al
synapt_SV2 superfamily. It7), 7£ AcSV2B Fl Fik HAth 6 Py SV2B A #5% E 2] 3 4N H [F] I Or
SFHEF: Motif 1. Motif 2 fl Motif 3 (& 3-B) , MEX &M SV2B i R4 e s 1 M T

(Motif 1) , RGN SV2B VL E S 2 MHFILRSFHF (Motif3) &



A Fh HAFIS LRt @ synapt_SV?2 superfamily

Species Protein sequence number Structural domain location

KELREWE Bombus pyrosoma XP_043599400.1 —— (T
A Ay fores xe 517752141 — D
7 # Apis mellifera XP 0167718562 — e
&t Bombus affinis xp_ososo1302.1 —— (e

Wttt Oomiatgnaria P osuio200: 1 —— Q-

MFS superfamily

57 Bombyx mori XP_037867579.1 — -
06 8 Drosophila hydei xp 023174708.1 —— N
BRI EWE Apis cerana xp 0619406231 —— e
Ont 100nt 200nt 300nt 400 nt 500 nt 600nt 700nt 800 nt
B %ﬂl . HAFHS piE %ﬁsﬁﬁ
Species Protein sequence number p value Motif locations
K ELHEVE Bombus pyrosoma XP 043599409.1 9.42e-172 0,
WNERE Apis florea XP_031773214.1 1.37e-181 H
P 7 %M Apis mellifera XP_016771856.2 2.42-179 =
ERBLALE Bombus affinis XP_050591802.1 3.03-173 -
Lt 41 $ilE Osmia bicornis bicornis XP_046143539.1 | 21e-173 H
R Osmia lignaria XP_034192003.1 2.99¢.173 =
FA Bombyx mori XP_037867579.1 2.42e-3 -
W TUE Drosophila hydei XP_023174708.1 2.02¢-3 38—
H e Apis cerana XP_061940623.1 1 05e-180 =
JEFF Motif  —Erth [¥% Consensus 56 nt 1000t 200mt 300mt 4000t 500nt 600nt 700 nt 8030 nt

. 1 RDVEAMMVYQKIYKKNNTRKGATGAQYQLSELELPTKRPRGLAPPSPSNH
2 ENCQYKDSTFLNCKFSKMVFSHVDFDNCTFQSVEFNNIKSSKTHFTHSII
. 3 IMWSTVSFGLYGLMVWCPEYLKLLRATEYKAHKVLFHDEIYKGKTFNGS

K 3 ZRT7 BRIl 8 MR SV2B R A BT S 4K (a) MRSFEEFF (b) HLAL
Fig. 3 Comparison of structural domains (a) and conserved motifs (b) included in SV2B proteins from Apis cerana and other
eight species

2.4 AcSV2B ARG L 54
KRTEM . INEWERITE T BIE TR N—C, HHPEREIE A KR RO —37; At SR 3 [l A
WSR3, T A AR S o B A RO — 3 (E4) .



YoFt HAFY S

Species Protein sequence
AR XP_043599409.1
100 Bombus pyrosoma -
L ShPHREME XP 050591802.1
Bombus affinis
65
EARGEREE e XP_046143539.1
100 Osmia bicornis bicornis
R £ XP 034192003.1
Osmia lignaria
bk XP 0317732141
Apis florea
100 ARy XP_061940623.1

Apis cerana

99

iRt
Apis mellifera

XP_016771856.2

TR IR XP_023174708.1
Drosophila hydei
B3 XP_037867579.1

Bombyx mori

4 SPPENEM R EET SV2B M AN AR U7 Hide 5 FuA 8 MR 1 R e A
Fig. 4 Phylogenetic tree of Apis cerana and eight other species on basis of SV2B proteins by neighbor-joining method
2.5 AcSV2B 18 %7 B b T AR 4L i R A AR =
RT-qPCR Rl 45 R BoR, AcSV2B1Efilif s HHlg. M. BERR. RE. WA N BRFIMG 7 1% 7 A4
G RIE, HRIEKTFAAEEST: AcSV2B WFRIETAEM P B 835w T HAb 6 ML
FKikt (P<0.05) ; SRR AcSV2B FRE B HAL H 2 Z LT, T fflm b RiicsE P
<0.05) (E5)
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5 RO T 7 MR AcSV2B MR ik R
Fig. 5 Relative expression level of 4cSV2B in 7 various tissues of Apis cerana worker

e B RSP E AR R AR T REROR Tukey RIEHZEFE3 (P<0.05) . T, Note: Data in the
figure were mean+SE. Different letters above bars indicated significant difference (P<<0.05, Tukey’s test). The same below
2.6 ASV2B EFR FE T A E A BMEEMFRIZRR

RT-qPCR fr il 45 SR 7R AcSV2B AEAR Ty Bl T N . ghdu, Tl df Al b 8 ik, HE
BEAEEZES (KB 6) : AcSV2B1E 8 HER Tt b S e H R & = T 90 (n=50) , 3 Hid4lt
(n=3) 7 HREBUE (n=3) FHERER (P<0.05) ; AcSV2BEUIHIFREERMHEEKT 8

WP (n=3) 112 HiMl (n=3) HHIRERE. R, AcSV2B1E 6 Hi. 12 HEd. 15 HIEA
18 HE i Uk I AH RIK, (HRIBIKTFBAEEZ Ry AcSV2B E 18 Hld il b (1 ik 7 e e HLR 3%
L HE 2 Hilg, 6 HIRA 12 HES R PR RIE R (P<0.05) ; AcSV2B1E 2 HES LR P HIR
FERMEHEERT 6 HEy. 12 HE. 15 HRA 18 HIS P FREE (K6 .
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Fig. 6 Determination of relative expression level of AcSV2B in various developmental stages of Apis cerana worker
3 S
BT NBE TR, SV2B fE R M &AL T W WRTE (Kolosov et al., 2019) MAFHKH
(Jones et al., 2020) % if FEvh R 4F EE At . Jones % (20200 KL, SV2B 215 i 4 /i
Nasonia vitripennis FfRFIFRE JC 1418, MW T 01 71, B SV2B I RES 5 il 4 /Mg
AR E IR R RER, AcSV2B & 671 NMAEERE, 701N CasirHs160N8420040831, 73 F

20N 72.87 ku, MRVEREUN 10232, 25 AN 6.02, ANaE REUN 40.14, Ui AcSV2B & A AJ



RERMMEE . J75h, AcSV2B MFRISR/K RECN 0386, SRKMERERE THKERER, &FH
11 PSR S AN SR A5 Bk, 578 AcSV2B Al R N /AKMEE . I EARBREA. A6
FOERIL, 25 66.7%I1 AcSV2B HETEE AL T B, T A5 92 B 11 50 A& 1 1) E 224
PRI BLHEN AcSV2B T A4 Uy B 1) 8 U TAME I it B EZAE R . EIRZEIRER T AcSV2B [HAL
PR FHRAEE B, MRt T A 5% .

TERE AR AT R =R 2 T X Th R Ay, S50 i R4 . TiRe
A BEAR AL (Zeng et al., 2007) o ARBFFRI, 1ERTT B HAL 8 P i SV2B 474
synapt_SV2 superfamily &5 #438, 1Mi7E K & 42 2] 2 NAF 4538 synapt_SV2 superfamily
MFS superfamily. X3 SV2B 7£ b ik B i (1 DR IR synapt_SV2 superfamily /2§ 4% 12
HRFEEFR - DNEERTFOEFRE, &R EH SV2A 1 SV2B (Feany ef al., 1992) . MFS
superfamily /& — K% 18 8 SR, RS IR R AL 540805 T B FE AR JE /N 73 1 T L5 J % 18 (Pao et
al., 1998) , fEXZEHIEIT RNA T MucK F:FIESE T MFS A2 5 B AR IT#E (Osanai-
futahashi et al., 2012) . LA ES5RWGIR, ARI7EWE SV2B EME ISR b R IEE RN, 5X &
SV2B DIfEA 25t . DRSFIET AR BAT R E DURE I B A6 M, % A9 AR [R] O AL OR 7 35 P 1) B 1 7T BA
RIFFUAMTIEE (Zeng et al., 2007) o ASHFFLH, ARI7EBERILAL 6 Mgl SV2B A EH 34
TRSFHEFF (Motif 1. Motif 2. M1 Motif 3) , T &K SV2B EEH R EH 14 Motif 1, H#34E 5L Y
SV2B & &4 24 Motif 3, Ui SV2B & AL B H A B m IR sF . KRG i R I,
R EWE . NEIWEANTY T B SV2B O30, BEBEREIE NI KRR ISRy — 30, TIZLth A0 LA
R AR SV2B N—3, RYIFE T HERHR AT 8 NEEFITE ) %I SV2B [RIVEIE &
i, TR E SR

BRI 55 2] IR A E DRI X3, A /M e gE A A, e g
FREMALFYE (Cheneral, 2017) o AWFFLIET RT-PCR B AR5 F 50 BEIAE T AcSV2B ¥ H 5L
Vet BRI, AcSV2BIEMih R IE E i e L & Tl hla. M. KRB, W T BRI D 4
HRIE R, WR AcSV2B fEVY 75 g T ik i) A B M 2t iy EE M 0, AcSV2BES
WA TR 8T N 58k, BRI AcSV2B RSB TP rRAE, &
EE TR R W RARRE R AR R IE R, HERE b 2 I E RO A
B ETEE (Chenetal, 2017) , HEM AcSV2B {E LR B RAEfE. F— DA dsSRNA
5% siRNA FAG I 3R 7 AR AcSV2B HIPTERAER, ST ShREW 7T

B M e A RR, HRELREGZMW. 4R, Wi, WAREg s A B (Chen e

al, 2017) o AWFIERIM, AcSV2BAESE. 3 Hid4hd, 7818 Hididm. 12 Hiddg &z 1 Hid. 2 H



Wy 6 Hig. 12 HESR 15 H i TR dk N 22 7388, R AcSV2BBIES 5 TIENASRKE . W
U A2 2 W ) ORI S P B B AR ST, AcSV2B 7E 8 H i Tl i i 208 2 e i L5835 s T 00
3HEFHR 7 DR TUAA 12 H b (8 &, HEN 4cSV2B 7878 75 %G TG 4y i 191 38 g 19 1) i
BB EEEN, EAH - PIRANRI. WA, AcSV2BFRILEAE 18 HR R AN &, HAE
2 Hid 2] 18 HIAM B RIA R RFLE BTF, R AcSV2B 10 7: 7 B Tl U R & I BOB S R A,
W RREE FIRIEAKFS SRS .
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