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Abstract: Vacuolar invertase (VIN) , degrading sucrose to produce glucose and fructose irreversibly, is a key enzyme in
soluble sugar metabolism, and involved in plant growth and development, yield and quality formation, and stress resis-
tance. To investigate the physiological functions of VIN genes in soluble sugar metabolism of red pitaya (Hylocereus
polyrhizus), HpVINI gene was cloned from the fruit, and sequence comparison, phylogenetic relationship, gene expres-
sion, subcellular localization, yeast growth complementation and sucrose degradation activity were analyzed. Based on
RT-PCR (reverse transcription-polymerase chain reaction) amplification, the ORF (open reading frame) of HpVINI gene
with a length of 1935 bp was isolated, which encoded 644 amino acids. Sequence analysis showed that HpVIN1 con-
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tained key domains related to sucrose degradation activity of invertase, as well as vacuole localization sequences in the
N terminal. Phylogenetic analysis suggested that HpVIN1 was closely related to VIN genes from kiwifruit, loquat, apple
and grape. Real time fluorescence quantitative PCR detection revealed that HpVINI was highly expressed in stems and
fruits during the veraison stage (20~25 days after flowering), and weakly expressed in ripen fruits (30 days after flow-
ering). The transient expression of HpVIN1 fused by green fluorescent protein in Arabidopsis thaliana mesophyll pro-
toplasts demonstrated that HpVIN1 protein was localized in the tonoplast and vacuole. By over-expressing in the yeast
strain with sucrose utilization defects, HpVIN1 could restore the yeast growth using sucrose as the sole carbon source,
which proved that HpVIN1 had the sucrose degradation activity. In vitro catalytic experiment using the yeast total pro-
tein suggested that HpVINI1 could degrade sucrose into glucose and fructose. The sucrose degradation activity was the
highest at pH 4.0, and rapidly decreased as pH value increasing. The results show that HpVIN1 that locates in the vacu-
ole, has the enzyme activity of degrading sucrose to produce glucose and fructose, and participates in sucrose catabolism

of stems and fruits during the veraison stage.
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B, fR kR IR 2 ) A U is g . 9T 3R
BH, VIN EEEHESHEYHSER AT, D™
AR EE VI . SURGIT (Arabidopsis thaliana )
VINT F BT 1 O [ A AR 2R A 2 g i )5 R T 2
BB VINT J3 50 10 22 2514 5% e i 36 4 , 28 1 e s iR
WD KR ( Oryza sativa L.) OsVIN2 Fil
OsVIN3 o TR , TF ) I8 55 A7 AL M QI A B
K /N FIURE 25 F R0 A g ( Gossypium
hirsutum ) VIN FiGVE 5 ML 4EA K | fE28 B Fifp
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FEJ5 30d, Fio) dbit 5 ARFHERAERTL, BAR
WIRAE 15 RS, BRI 3 41, VBN 3 IRAEY)
P, WEERUR R VIS R, R E T
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I (Arabidopsis thaliana ) FH¢ HAE R |
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—i, £ E DNA B4 (P515, Vazyme,
HE ) MU A AR RS 514 (5'-ATATTCCATC-
GTCGTAATTC-3'/5'-TTATGCATCACATACATTAC-
3') #47 RT-PCR ¥ 31§ . ¥ 34/ W & mlif . &4t
Ak B KIGFF WA DHSa, B FH I vo ks fe %
ZETAEYTRE (LE) BOABRAET
1.2.2 m# 54 fliF ORF Finder ( https://www.
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123 ZB&XKZEE PCR #m ] Primer
Premier 5.0 3P HAREF W RERY 1519
( 5-CCGGATTTGGATGTGGGTATC-3'/5"-AATC
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Sk, T3S P AE KOl SRR AR P ( hitp://
pitayagenomic.com/ ) #£4T BLASTn % . fifi {7¢
Jt5E & PCR 1% ( CFX96, BIO-RAD, [ ) #tf7
PCR N, ¥ AR &R BAARTR 10.0 uL, 27 cDNA
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Green Fast qPCR Mix 7] ( RK02001, Biomarker,
i) 5L, JORIK 4.1 pLo RVFEFE: 95 CAF
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40 NPEH ., WS EEEKUEM ] p-ACT (5'-
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AAGCTTGCATGCCTGCAGATGGCCTCCGTCA-
TTT-3'/5-CCTCGCCCTTGCTCACCATGGATCC-
AGAATCAATTTTAAAAGGTC-3') ¥4 HpVINI

LA ORF J741, [lif e BRee b %+ ff [k
A& (9761, TaKaRa, HAS) [alig PCR 44 =
¥,16318-hGFP #{& (i ] Pst 1l #1 BamH 1 ( NEB,
FHE ) w1 RN, A SR AR B v b
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1) 5 ¥ 5 Marker 8 F 77 VAMP711-RFP JFfi )
B4 . FIH PEG /- Sk e 4k 2 0w I it IR i A=
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BB E S .
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3) BIOGF i fb ™ 1e r= 4, Bk ik E ik pDR196
{5 PR 1 P YD i EcoR T Fil Xho 1 ( NEB, £1[H )
it n e 4ifk . K PCR i BEf A Bk £ ol
D7 JE N, SR EUTOR A o BERE AR YPDA
gt (DUHIER A RIR ) Bi g EXE0N, M
FEREEE AL & ( SK2400, ik, dE) 25
%At HpVIN1-pDR196 F1#{& pDR196, IRAGTE
SC/-ura [& {4 i 1 1% % 5L A5 50 A iR ) -, 30 °C
B8 B % 48 h, PhiErp s IR B3R IE AT IR T8
PCR %5E .
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10743 3 1.0 pL b 3REERRME , BERh T SC/-ura
ARG R 5L (A2 08 sl REE A TR ), 30 CEI &
BigE, EWUEIRR . H A3 s ot iR 8
BEEZE /D 4 ST R TORE , BEHUC R Y 5
W TR PE AR TR A S b A o R o) TR R A
2mL, iR KERE 2 K, f#iH 25 mmol/L
fRERZE v (pH 5.0 ) 450 puL EE, A GRS
BUR 20%0Y FEFHA R 50 uL, 30 CHR%E:FF 12 h,

B HC W 200 uL, A ZEEFEIK IR (3,5-
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KW 5 min, EHG A A EEFR{Y ( Multiskan GO,
Thermo Fisher, 32 ) il 540 nm T B GAE .
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Zeohw (pH 5.0) JEWE 2 UKo AW ER D I Ak
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Zb, BB, ] DNS A6 0 4 25 4 2
1.3 #HiEAIE
{#iF Microsoft Excel 2007 ®AAER, FIH
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SEEAT W E T
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2.1 HpVIN1 EFZEFES S5
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RO EZ) 2 kb, PG4T M, SokE
FEY, 3RA% H AR BLR) ORF £ ¥4 1935 bp,
44N HpVINI HpVINI %ifh 644 AR FILFRRIE
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A X FIH (& 1), HpVINI H&E LR T
S 5T AtvacINV1 258, &8 E 240 N S Al
&K ( N-terminal propeptide, NTPP ) X3, £ &
FRPE I — 22 5% ( Di-leucine ) DXJa . ZEAl X 45§
( basic region, BR ) Fl15 45 #4381 ( transmembrane
domain, TMD ), fR5F&5H TN &7R , HpVINT [
GHERIT AN B-W s S B N R o 225 4 3



2528 o AE B F AR o545 %
20 . . 100
AtvacINV1 DALLPISAREEEPLCBYTR EE®IATHDGS - - - - -RSNDEGE DERET I TERARLI : 93
OsVIN2 ZeRRODVA- -] msauysxg A wcvvmemip:’ : 95
VvVIN DR HHAT: DEAYARLPYSIIH VEVDND- - -GPENEREGREVA] : 95
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Fig. 1 Sequence alignment and domain prediction of HpVIN1 amino acid
(INV_N, PF11837.11), fii ¥ 14~115 aa; GH32 O At A
N N PtrVINV1(Potri.003G126300.1)
FIE N 325 K3% Glyco_hydro 32N ( GH32N, 63 PEVINV2(PO 003G 126001
S
PF00251.23 ), fiiF 123~440 aa; GH32 KM C % BV IOIN(AF276700) VINS
MdVIN(AFU56882)
2E#y3a Glyco hydro 32C ( GH32C, PF08244.15), 5 PuVINV3(Potri 015G127100.1)
. - - , 5 P
{37 F 443~631 aa, #t—HXF, AR AEE M 53] AL S0 e
N AtvacINV6(At5g11920
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; 3 & CWINs
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Ll &% RDP 2543k

¥ HpVIN1 5#UEST . B84 (Populus trich-
ocarpa ). JKKE . Hi% (Vitis vinifera ). M. SR
( Malus domestica )FVEEENE( Actinidia chinensis )
50y VINs, VASAIEGIT AtewINVs 317 R G kL
GYHT, R FH AR e R e kAL K] 2 ). HpVIN
5 Rk Ry VINs BAN—2, H5HImIF CWINs
B & JF . [HEF, VINs B &430 2 44, HpVINI
5Bk AcVIN, HEHE EjVIN, 3ER MAVIN Fi
% VVVIN Rh—4, S5mIT KRR VINs
B 25 It
2.2 HpVIN1EERIESHT

SRS RE B PCR Kl HpVINT JER7E LT 1A
KOBREIZE (JRAZY) PR (R L) A
B (K 3) BB, M ELAESS 20 d ISR SE, HpVINI
kA 23d HETHE HEEmRE. s

—
0.1

B2 HpVIN1S5HA VINS & CWINs B RG #7547
Fig. 2 Phylogenetic analysis of HpVIN1, other
VINs and CWINs

‘g 200

2 a

[

& 150 | h

13} b

2 b
=]

= 100 |

Q

=

I ¢

X« 50+

E 0 1 1 1 1 |—I—| 1 (- |

% FZO F23 FZS F27 FSU
ZH 21 Tissue
AFNEFRERRZ R BE (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
B3 HpVINlIELZAXEREMRIHRAERN
Fig. 3 Expression patterns of HpVINI in stem and

fruit of red pitaya
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FAER . DARERE ME—kTE, Rik pDR196 %
REAE KA, 263k HpVINT EERRAE KB, i
#%%'Jﬁﬁvﬁ%ﬂiﬁﬁiémﬂ@fé‘ﬁ%ﬂﬁm%‘#F?Wﬂﬁﬁé
B, W EIHRA A DNS 606 I 2 75 A i 44
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RN EIARLL, AR RIEE AL (455
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Fig. 4 Subcellular localization of HpVIN1
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Fig. 5 Growth complementation test of yeast cells
by expressing HpVIN1
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incubated by yeast cells expressing HpVIN1
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(RERE SR S, ORI B g, ARG 2 4
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