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Abstract: SWEET (sugars will eventually be exported transporter) plays an important role in pant flowering. However,
the mechanism of flower was unclear in pineapple. In this study, the interacting proteins of AcCSWEET11 were identified,
in order to lay a foundation for analysis of the flowering mechanism of pineapple. In this study, the interacting proteins
of AcCSWEETI11 were screened from the pineapple flowering cDNA membrane library by co-transformed, and then the
expression levels of the candidate proteins during flowering were analyzed. pBT3-STE-ACSWEET11+pPR3-N was non-
toxicity for NMYS51 yeast cells but had autonomous activation. Further study showed that autonomous activation was
restrained after adding 3’AT in TDO and QDO. A total of 81 positive clones were screened by yeast two-hybrid, and 48
proteins were identified by sequencing which were probably interactive with AcCSWEET11. The proteins were contained
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E3 ubiquitin-protein ligase RING1-like, Trehalose-phosphate synthase 7, Cytochrome P450 90A1-like and Transcription
factor LUX. GO and KEGG revealed that 48 proteins may participate in lipid metabolism, amino acid metabolism, car-
bohydrate metabolism, signal transduction and transport and catabolism. And the expression of Trehal ose-phosphate
synthase 7 (XP_020105459.1), Protein TIFY 3-like (XP_020082835.1), 40S ribosomal protein 27 (XP_020092770.1)
and Heterogeneous nuclear ribonucleoprotein 1-like (XP_020112516.1) were down regulated during flowering induc-
tion that consistent with ACSWEET1 while the expression of Dihydrolipoyl dehydrogenase 2 (XP_020113798.1), Puta-
tive lipid-transfer protein DIR1 (XP_020086640.1), Clathrin assembly protein At4g32285 (XP_020108161.1) were up
regulated. AcCSWEETI11 might interact with the proteins such as Trehalose-phosphate synthase 7 to participate in pine-
apple flowering. The protein interaction network of AcSWEET11 was plentiful to provide a foundation for analysis the
regulatory mechanism of AcCSWEET11 in pineapple flowering.
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1 MBEFE
1.1 #R

li%HE K5 (yeast extract ) Al i ( tryptone )
W H OXOID Aw]; #faRiFEHE (minimal syn-
thetical defined medium, SD ) DDO ( SD/-Leu/-Trp ).
TDO ( SD/-Leu/-Trp/-His ). TDO/X ( SD/-Leu/-
Trp/-His/X-a-gal ), QDO ( SD/-Leu/-Trp/-His/-Ade )
F1 YPDA }iF2 £l A At s RS ERHE A RA A
X-a-gal W YEASEN 7wl FEREE MR AZ S
NMY51 Fl pBT3 ,pNubG-Fe65 . pTSU2-APP .pPR3
G ARV &Y EY TRARAR,; 3
FEZF I cDNA SCHE A G O IR AE -
12 FHik
1.2.1  #FEEAKeG A gEan  FHAA
WOE R 7k S IR ESBP k. LL pNubG-
Fe65 Fll pTSU2-APP 554k NMY 51 lB): B b BH
Xt iR, pPR3-N fll pTSU2-APP L5 L et 1 Ay B
PEXTIE , ¥+ pBT3-STE-AcSWEETI11 Ff§#) 28 4
pPR3-N ifi it LiAc BYJ7 kb 2R NMYS1
t, 7F DDO. TDO. TDO/AT Hil QDO }5#4k |
30 CHEFR 3~4d, WERIEWAERKSE, K
pBT3-STE-AcSWEET11 1 & A 1) 7 PE 1 A %
T, # %) pBT3-STE-AcSWEET11 #il Post-
Nubal Ft44 4k NMYS51 BEEEE , 7E DDO . TDO/3’AT
Ml QDO ¥tk By, WA IE AR,
K1l pBT3-STE-AcSWEET11 fEfE £ NMYS51 H1 i
FikTie.
122 zfE&aeiit M SD/-Leu “FARHEEUAE
KRB R . &4 pBT3-STE-AcSWEETI11 Hy#A
TERERE RN 2 50 mL A SD/-Leu WA R FR3E, 30 °C
HiFR & ODgoo M 0.2 J5, 4% YPDA WAKE:F*
b, BEGEFE, i ODgoo M 0.6~0.8 (12~16 h );
TG, WEERK, HIXREKER, BOEH
¥ A LiAc HERER, 1R, Bk b, Hl4
SHIBEBAN NMYS51 B2, HiE® cDNA
SCHE BURLE AL & A R A I NMYS 12 85,

H)51%:45 T TDO/X/3'AT 5 mmol/L -4 F, 30 C
B 9% 3~4 d. ki TDO/X/3'AT M b 78 5 Y BATH 7%
B TR QDO/X P4l |, 30 CHEFR 3d, it
2 P IR AL AR R B TA VR, B Ak 28 PR vE R
123 B ARG LT RN O
kL, 1| FH3E F 5149 ( Up: CTTTCCTTATACATTA-
GGACC, Dn: GGGACCTAGACTTCAGGTTG ) #f
7T PCR # 1. WU —, KT 500 bp A
RowbE R B, RRAETAY TR ( HiE) RihE
PR 2N ) HEATI0 P 3 o I 445 SRAE NCBI ( https:/
www.ncbi.nlm.nih.gov ) (#E /% 4T BLAST b
Xt o
124 ABE&F o4 FIHTEL RIS UniProt
( https://www.uniprot.org ) 7B 1EHE H A TIHE .
F 3RS B £ 8 H 1T Gene Ontology (GO ) I
Kyoto Encyclopedia of Genes and Genomes ( KEGG )
8 AT o
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WAL RE (0, 8. 16, 32.d) MEfTHE 4L
Fr, ARASAEZ Stk ad B b R R Rk B s, A
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( fragments per kilobase of exon model per million
mapped fragments ) {E, FF2: il & AR EEL
W R 8 AR R A SR A
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I pNubG-Fe65 #H1 pTSU2-APP it #% fk
NMYS51 BERERE A FHPEXS I, pPR3-N fil pTSU2-
APP I AL EBE T R B % HE . % pBT3-STE-
AcSWEET11 751 5 41 JUR AR )25 48 pPR3-N 3k
FeAb NMYS1 BERHRAZ A 455K W], pBT3-STE-
AcSWEET11+pPR3-N 7£ DDO K573 I (1 %) 58
HARKRERY, Ui pBT3-STE-AcSWEETI11 Al
pPR3-N B i A NMYS1 BEREE F, H Xt
NMY51 BRSNS 1% . pNubG-Fe65+pTSU2-
APP 7£ DDO. TDO/3'AT. QDO };iFit KR
I, pPR3-N+pTSU2-APP 7£ DDO H5355t b iF# 4=
K, 7€ TDO/3'AT. QDO TR s K, HIHEL R
ki pBT3-STE-AcSWEET11+pPR3-N [ % £ 3 7F
TDO ¥ Efe A K, F0 pBT3-STE- Ac-
SWEET11+pPR3-N A FIE I, WIS HIS3 /Y
5 (E 1A~E 1H). KT IdIEErEpE b HIS3
3R, 78 TDO 5375t is IinAs [k B2 1 3'AT .
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SRR, RN 3'AT J5 EERE R A A K, HIS3
(R 23k Z B (1~ 1K )o i — 2 HoAe
QDO #i 7 sk Fiy A KAEN , 4558 o, %1k pBT3-
STE-AcSWEET11+pPR3-N F Rk i A A AR K (&
1L ). LA E45 5K, pBT3-STE-AcSWEET11+
pPR3-N 7E TDO/3'AT ¥ F# F M1 QDO B4k I 1%
IGZFME, JEEEn7E TDO/3'AT F1 QDO K7k
AT EARR AL

pNubG-Fe65+ [
pTSU2-APP |

PPR3-N+
pTSU2-APP

pBT3-STE- [
AcSWEETI11+ |
pPR3-N

pBT3-STE- |
AcSWEET11+
pPR3-N

A~C: pNubG-Fe65+pTSU2-APP 43| DDO., TDO/3'AT, QDO
AR KB OL; D~F: pPR3-N+pTSU2-APP 43 %I7E DDO

TDO/3’AT. QDO ¥ A= K A% ¥ ; G~L: pBT3-STE-AcSWEE11

4¥317E DDO. TDO . 5 mmol/L TDO/3’AT ., 10 mmol/L TDO/3'AT .

15 mmol/L TDO/3'AT Fl QDO -4 i) 4 K A5 it
A-C: The situations of pPNubG-Fe65+pTSU2-APP yeast cells grows
in DDO. TDO/3'AT. QDO culture, respectively; D—F: The situa-
tions of pPR3-N+pTSU2-APP yeast cells grows in DDO |

TDO/3'AT. QDO culture, respectively; G-L: The situations of

pBT3-STE- AcSWEEI1 yeast cells grows in DDO, TDO, 5 mmol/L

TDO/3'AT, 10 mmol/L TDO/3'AT, 15 mmol/L TDO/3’AT and QDO
culture, respectively.

1 FESEREHERD
Fig. 1 Toxicity and autonomous activation of bait vector
¥ Post-Nubal Al pBT3-STE-AcSWEET11 JL5%
b NMY51 BEBERE, 4357 DDO. TDO/3'AT Fil
QDO }igrdk LIEFR . #55RKW], 7k DDO Kigrdk
EPAEEAER, UL T); 78 TDO/3'AT
1 QDO Hi ek Bk A K R4F, %W pBT3-STE-
AcSWEET11 7 NMYS1 REREIEM KL, ATHE1T
TS0 E (K 2 ).
22 EEMEEANFERERE
FIFH 3 B AL 2 /0L cDNA JESCE G E 5

DDO 5 mmol/L TDO/3'AT QDO
2 E{HHE pBT3-STE-ACSWEET11 B & L AL IS I

Fig. 2 Verification of system function for bait vector
pBT3-STE-AcSWEETI11

AcSWEET11 HAER & H . L pTSU2-APP il pNubG-
Fe65 AL AL TR A FH XS B/ (CK” ), pTSU2-APP
Fl pPR3-N AL W M FIPEXTIE (CK), &
2 WKifiE, JLRAE 81 N1E TDO/X/3'AT KL+
AR R EREE (K 3A, B 3B ), d#E—2n
JEXEFR, ¥ 58 DR/ M TE S A
QDO/X ¥tk b T Rkt . 45 R WoR, 58
M AR RRIER 4K (K 3C, BI3D), ¥4
i 58 ANFHME R, FraxX 58 AN PHME sE B T
B 7% PCR J )i ( pPR3-N NBHYEXTIR, CK'; H,0
JEAMEXTIR, CKT), HLIKAGIZEREM, AR
B —, KR/ 500~2000 bp (& 4), 4

AL R AN AE TDO/X/3'AT B35 BB K1 ;
B 55 "B AL IO BE AR UTE TDO/X/3'AT 5746 b A K 0L 5
C: SB— WAL AL BB AN U E QDO/X B IR FAE KK ;
D: 55 T WREE AL I IERE AN L S R QDO/X B R Ak FAE KA IF L.
A: The situations of the first transformed yeast cells grows in
TDO/X/3'AT culture; B: The situations of the second transformed
yeast cells grows in TDO/X/3’ AT culture; C: The situations of the
first transformed yeast cells grows in QDO/X culture; D: The
situation of the second transformed yeast cells grows in QDO/X
culture.
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Fig. 3 Screened of interacting proteins
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12, B translation )T & | 43 FIFEf#( folding,
sorting and degradation ) 4% {7 ik, DI KAfE
S5 (signal transduction ) 51z iy Al o i At
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M: DL 2000 DNA marker; 1~25: B4 PCR ;“#,
M: DL 2000 DNA marker; 1-25: The PCR products of colonies.
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Fig.4 Result of PCR products from partially positive clonal colonies by agarose gel electrophoresis
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Fig. 5 GO functional analysis of candidate interacting proteins
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Tab. 1 Screening of proteins interacting with ACSWEET11 by yeast two-hybrid system
o PR R GenBank % 5% %5
No. Gene annotation GenBank accession number
1 Tubby-like F-box protein XP_020088583.1
2 F-box protein PP2-B11 OAY76934.1
3 Dolichyl-diphosphooligosaccharide-protein glycosyltransferase 48 kDa subunit XP_020096081.1
4 Cytochrome P450 90A1-like XP_020101190.1
5 Cytochrome P450 98A1 XP_020114040.1
6 PLAT domain-containing protein 3-like XP_020091149.1
7 Dihydrolipoyl dehydrogenase 2 XP_020113798.1
8 Tubulin alpha chain XP_020095799.1
9 Hypothetical protein ACMD2_18406 OAY83140.1
10 Protein SRG1 OAY83593.1
11 Putative lipid-transfer protein DIR1 XP_020086640.1
12 T-complex protein 1 subunit zeta XP_020100745.1
13 Pentatricopeptide repeat-containing protein At3g62890 XP_020086106.1
14 Probable clathrin assembly protein At4g32285 XP_020108161.1
15 Adenosylhomocysteinase XP_020106819.1
16 Lysine-specific demethylase JMJ25 XP_020112685.1
17 Basic transcription factor 3-like XP_020094731.1
18 Protein TIFY 3-like XP_020082835.1
19 Vacuolar proton pump subunit B2 XP_020088591.1
20 40S ribosomal protein S27 XP_020092770.1
21 60S ribosomal protein L18a-2 XP_020079935.1
22 Ribosomal protein L2 YP _009116384.1
23 N-alpha-acetyltransferase 16, NatA auxiliary subunit XP_020105507.1
24 Heterogeneous nuclear ribonucleoprotein 1-like XP_020112516.1
25 Lipoxygenase 6 XP_020110641.1
26 DNA polymerase lambda glyoxysomal fatty acid XP_020083041.1
27 beta-oxidation multifunctional protein MFP-a-like isoform X2 XP _020103271.1
28 Serine/threonine-protein kinase EDR1-like isoform X2 XP_020098526.1
29 Small nuclear ribonucleoprotein Sm D1 OAY80757.1
30 Polyubiquitin-like XP_020091802.1
31 E3 ubiquitin-protein ligase RING1-like XP_020112621.1
32 Serine/threonine-protein kinase STY46-like XP_020115320.1
33 Photosynthetic NDH subunit of lumenal location 4 XP_020089715.1
34 Hypothetical protein ACMD2_ 07758 OAY73788.1
35 60S acidic ribosomal protein PO XP_020109789.1
36 Inhibitor of bruton tyrosine kinase OAY68292.1
37 Acyl-CoA-binding protein XP 020113385.1
38 Transcription factor LUX XP_020097739.1
39 Probable alpha,alpha-trehalose-phosphate synthase 7 XP_020105459.1
40 Proteasome subunit beta type-5-like XP_020096619.1
41 Trithorax group protein osa-like XP_020113943.1
42 Uncharacterized protein LOC109720880 XP_020103811.1
43 Uncharacterized protein LOC109712697 XP_020092020.1
44 Uncharacterized protein LOC109707352 isoform X4 XP_020084163.1
45 Uncharacterized protein LOC109711902 isoform X3 XP_020090847.1
46 Uncharacterized protein LOC109711741 isoform X2 XP_020090525.1
47 Uncharacterized protein LOC109707959 XP_020085097.1
48 Uncharacterized protein LOC109718933 isoform X1 XP_020101014.1
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Fig. 6 KEGG metabolic pathway analyses of candidate interacting proteins
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Fig. 7 Expression heatmap of candidate interacting pro-
teins during pineapple flowering
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