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1 E. %BRRMIUEZ-5-FREL B (inositol polyphosphate 5-phosphatase, SPTase)Z MLEE 1z 5 45§18 42 F 49
KA4EBE, #%7KA% LB AEBR (inositol phosphate, IP) 2k A% i B LB % B2 (phosphatidylinositol phosphates, PIP)
EYILEE IR 5-BRER . i, REFZEARMARIKR Y. KRARMKE AL X 2 (GlycinesojaS. & Z.)F st
it 2 K B Gs5PTase8 - JRM#ATIR A . GSSPTase8 % 493 N AR ER. 277kt b R it fbmt o
A, RV F EARF . AR ERAELE PCR AR REARSATZAB G RA, LN
GHPTase8 £ & AKX EAR T KA. A TR EKBRY, 2 AMET XA E &L KK
pET28a-Gs5PTase8 #» pGEX4T1-Gs5PTase8, 12 R s #5-F4&L T GST-Gs5PTase8 T4LEH . 14 H
K R B-D-FAF FUAE - (isopropyl beta-D-thiogalactopyranoside, IPTG), 4% 16. 30. 37 °C
KT RHATHEF R A SR, KIELEA A 16°C. 0.2 mmol/L IPTG TRFFH AL TR G.
SDS-PAGE #- & 40% & 49 405F o T Z 4 % 75 kDa, Z4be i —, sk 95% A b, —F T
i (bicinchoninic acid assay, BCA)# | & 0% & 69/F % % 4.9 mg/L. IR A BEE 4R £,
Gs5PTase8 & & =T vA K% IP; [inositol(1,4,5)trisphosphate]. IPy4 [inositol(1,3,4,5)tetrakisphosphate].
PI(4,5)P, [phosphatidylinositol(4,5)bisphosphate]#= PI(3,4,5)P; [phosphatidylinositol(3,4,5)trisphosphate],
ARG Fy it —F IR & Gs5PTase8 AL @it #h oy o T VE AL AL T A ARIE .
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Prokaryotic expression, purification, and activity of the
inositol polyphosphate S-phosphatase GsSPTase8
from wild soybean

CHEN Yuan', FAN Hanyu', LIU Yuhang', LIANG Kangjing', LIN Wenxiong?, JIA Qi""

1 Key Laboratory of Ministry of Education for Genetics, Breeding and Multiple Utilization of Crops, College of
Agriculture, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China

2 Key Laboratory of Crop Ecology and Molecular Physiology, Fujian Agriculture and Forestry University,
Fuzhou 350002, Fujian, China

Abstract: Inositol polyphosphate-5-phosphatase (5PTase) is a key enzyme in the inositol
signaling pathway. It hydrolyzes the 5-phosphate on the inositol ring of inositol phosphate (IP)
or phosphatidylinositol phosphate (PIP). However, there is limited reports on the homologous
genes in soybean. This study cloned the salt tolerant gene GsSSPTase8 from wild soybean
(Glycine soja S. & Z.) and explored its substrate. GS5PTase8 encodes 493 amino acid residues.
The sequence alignment and phylogenetic tree showed that this gene was conserved in plants.
RT-qPCR was employed to determine the expression of Gs5PTase8 in different tissues of
soybean and the results showed that GsSbPTase8 was mainly expressed in soybean roots. To
investigate the hydrolytic substrates, we constructed pET28a-Gs5PTase8 and pGEX4T1-Gs5PTase8
for the Escherichia coli expression system and only obtained the recombinant protein
GST-Gs5PTase8. The induction conditions for the protein expression including the isopropyl
beta-D-thiogalactopyranoside (IPTG) concentration and temperature (16 °C, 30 °C, and 37 °C)
were optimized. The expression level was highest when the expression was induced overnight
with 0.2 mmol/L IPTG at 16 °C. The SDS-PAGE results showed that the recombinant protein
had a relative molecular weight of 75 kDa and presented a single band after purification,
with the purity reaching over 95%. The yield of the recombinant protein determined by the
BCA method was 4.9 mg/L LB. The hydrolytic substrates of this enzyme in vitro included
IP;  [inositol(1,4,5)trisphosphate], IP4 [inositol(1,3,4,5)tetrakisphosphate], PI(4,5)P;
[phosphatidylinositol(4,5) bisphosphate] and PI(3,4,5)Ps; [phosphatidylinositol(3,4,5)trisphosphate].
This study provides a scientific basis for further research on the molecular mechanism of
Gs5PTase8 involved in salt tolerance.

Keywords: soybean; Gs5PTase8; prokaryotic expression; protein purification
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B R T(Glycine max L) B EZAM/E  FE I RE K AR FHALHI R $ 5 R S 28 & Fh oAy
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TR 3 SY R b L R B R e
(quantitative trait locus, QTL){. i JEFF 5T 51 5
TR L MR S B 1 3 ), IR 2 3 3%
BHAIE, TR AL, B th—A 2 R e
w2 W R UL B -5- Bk B2 B (inositol
polyphosphate 5-phosphatase, SPTase)F& Kl , 1y 4% 4
Gs5PTase8, Uit % i 2 W1 H: o R G £ 15 94 15
FHEP,

5PTase e H# 49 Hh LIS W6 12 7K A Tt 52 Ik v
RH—28, NG 5% S R 42 b iy Bt
B, A 2 Wl TR VLI e 1R K iR T AL R AT X
(inositol polyphosphate phosphatase catalytic,
IPPc), REZK M LEEBEER (inositol phosphate, IP)
Bk A B UL BE #% MR (phosphatidylinositol
phosphates, PIP)IE ) (9 5-Bm! ™, M4 HK f#
AN TE] o] DL B 4 26 2 128 HOK K it
WUEE Z W52, 4 1P; [inositol(1,4,5)trisphosphate,
Ins(1,4,5)P;]# 1P, [inositol(1,3,4,5)tetrakisphosphate,
Ins(1,3,4,5)P,]; 11 ZEREAK M K 5 M 0 LIS 2 B iR
FIRE 7 1L Y R 25 5 0 IR UL R IR, Ao
PI(4,5)P, [phosphatidylinositol(4,5)bisphosphate,
PtdIns(4,5)P,] 1 PI(3,4,5)P; [phosphatidylinositol(3,4,5)
trisphosphate, PtdIns(3,4,5)Ps]; III ZE/Kff% 3-Mk
R TP, 1 PI(3,4,5)P5; IV 28 FUK fiff Jig v v iy e
Bemt LR pE R

Z IR WU 2R W) B A ELAZ R R Tz A7
e, Z5MREZAMEY 7R, ekl L
RS P ESlg . iz, Nsh&En
AR, TEAY LT 2 509 A KR T
3R AT 4 2 R L R /K T (K
fift AN 5PTase, ‘H 7EIX LA fr gERE I 7y e 1) H
SN M) SPTase IR 845 R AESL =
It . AtSPTasel Fll AtSPTase2 j& I1 2 5PTase i,
AT LUK TP, TP, Al PI(4,5)P, HY 5'-Bf R, 35
MR T SALIFMA | iTE 2 (abscisic acid, ABA)

http://journals.im.ac.cn/cjben

65 5 % S /a4 12 0 AtSPTasel4 Al
At5PTasel5 H[R]JE T 11 28 SPTase fiff, AtSPTasel5
25T ABES RIS 1140257, AtSPTase6/
CVP2 (cotyledon vascular pattern 2)F1 At5PTase7/
CVP1 2}y IV 2 5PTase Jiff, HUKARIESS & IWERETH
WUBERY 5'-BlR, 25 BKIE URIAR (1) 43451224,
[@] )& T IV 2% 5PTase [i§ ) At5PTase9 Fil At5PTase7
-6 4 (reactive oxygen species, ROS)F 5%
iR 420 AtSPTasel1 JR K IV 25 At5PTase
i, 25EWT WA B, AtSPTasel2 I
At5PTasel3 &y 125 5PTase [iff, At5PTasel2 &1
MR N % ZE 9815, AtSPTasel3 & 5877 1
ME ROk . MR b | IS A KR A
ABA BEESHTHPPL, R, 16 33.3%
PIFUREST SPTase B LI RE S AR FHMLE M ANIE 2E
HAAEY UK S 55 () SPTase [ BT A1 E D

AH i AL e 8 i /K e g 1) P RIS 0 A B
Mz ZEmg i o FAE P . o T A i)
T fiff B 22 B IR JUL I -5 - W B2 i SPTases A 7K IS
Y, SRS Rk sz e .
VRS, X3 SPTases KZ R HE
Bk F 4, BVE di5Rik R 40 R 0% (Drosophila)
S2 AL FNEEEERIE RSE, SN His-tag . FLAG-tag
o, GST-tag S5 kb ATk alifh g s 11022232530
XIHEY) SPTases 4T KIAAFH AL & Rk REMHAT
aifb 22X R £, Sanchez S5PVAIH pET-28a
ARG, HALKMFFE BL21(DE3), ifR&kW
His-tag 325 ARG A, 38 b 81 o8 AR )2 0T i
halifk 338 T AtIPSPIL (Bl At5PTase2). MMiAk3C
BCVER AT E TR pET32a R58, AT
At5PTasel3 Z[15 His-tag Bli-5 3Rk, AlREH T
At5PTasel3 HKAATRE, HEEHREHAEL
BrRGEN . MR TEZRIBRS, FZERS
RGBT R TT N T R AR R &
Ji 8 K SR Eh L R Gs5PTase8 (I1E FI L, A4
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W58 MR RIGAT R A% RIB R G, R
His-tag Fil GST-tag 25 il 5 %15 Gs5PTase® [,
AL RGN, IFRIE A IR RS
WIBRRED 02, NS 2L 5E Gs5PTase8 2 5 KH
T 3k S o F A A PR A A

1 MER5r%

1.1 ##

A HE KT C08 “Union’ . Hf/E K WOS
‘Mengjinl” 7 & o SCOR 27 bR 20852 PR 4
B RIS Williams82 & H E RV Bl 24 b
VEVIRL 22 WF 58 B AR AR AE 5 D1 DR A4 0
J ¥ (Escherichia coli) BL21(DE3). K
DH5a ., H[A]4%4& pBluescript KS (+/—) Phagemids .,
JE R R WA pET-28a(+) (RIFE R hilk) &
pGEX-4T-1 (%N R P WA S IR/ AF 5
R il #4: 4% 152 PN Y i FastDigest Xba I, BamH I,
Xho T il Phusion“#s 3l 11 & £ 2. DNA 4l
W B FEER R RBHE A H]; RIREE 2 (kanamycin,
Kan) fll 4 *F & %5 & (ampicillin, Amp)Ig B It 50
RRERBA AT 5 EE-B-D-H AU FLE
F (isopropyl B-D-thiogalactopyranoside, IPTG) .,
SR (dithiothreitol, DTT) . Sk HURI L
MR G 58 0 B A T A TR () R A
FRZH]; RNAiso Plus (Total RNA FEEGAF) .
PrimeScript'™™ RT Reagent with gDNA Eraser
(Perfect Real Time)idi %% 5% i 7 & . SYBR"

Premix Ex Tag™ II (Tli RNaseH Plus)3Z i} 2¢
Jt € f RT-qPCR i & fl DNA Ligation Kit
ver.2.1 AN &0 A E4AY TRCKRIE)A
BN BRI GST 4ifb /i GST fl& 7%
1 2 Ak R & 0 8 4 3 B A YRR IR A R
H] ; YL 1 BUor bR fEY) (10-180 kDa)lt H
b A B IRERH A R/ F]; 5xSDS-PAGE 2
F EREE WP . SDS-PAGE J5E i B il 771 &

&: 010-64807509

BCA 5 1 J& I 10 & (g s ) /b 7 2
YR PR AL EE R R 2R R gk
3 (phenylmethanesulfonyl fluoride, PMSF)Ilg H
VAR S LS L 2y (1) S S A FRAY R 5 1P TPy
PI(4,5)P, diCs il PI(3,4,5)P; diCs g Echelon
Biosciences Incorporated.
1.2 ERE=E. FIEX RBRREDH
M Phytozome 13 7E £k ¥ #5 & M uh
(https://phytozome-next.jgi.doe.gov/) £ It i) K &
HERFEHNA G max Williams82.a2.v1 HHEHUK
5. 5PTase8 JFENFFHIfEE, MIGILELFIFH,
fif Bl NCBI ™ 3 By 7E £k T. . Primer-BLAST

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/
index.cgi?LINK_LOC=Blast Home), %1154

InoF Al InoR, Z|¥F A& E LR 1,

TR BB W38 5 1k 85 K 5. (Williams82
1 CO)FNEF A K E(WOSAIHE, HR 7 &
Y481, % RNAiso Plus (Total RNA #2 Hitiat
FN BB RNA, 7 SE R cDNA, 5 f5#
BG4 ERAR , M Phusion®#S s E [# &
DNA 4§ PCR ¥4 5PTase8 J:[H H B, A T
A, SRR AT XA Xba 1 Fl
Xho T FR il IR & . PCR 4738 S W FE ¥ -
98 °CTZAZEM: 30 s; 98 °CZ5HE 10 s, 58 °CiE k
30's, 72 °CIEff 1 min, 30 MEH; 72 °CIEff
8 min. 1%ZH NEABGE A ™= 1) 255 /DN, e
[l kA4 1% 5PTase8 2 H H #x A BL i) PCR 7=
Y K PCR =4 FilHh [a] 24K pBluescript KS (+/-)
Phagemids 435114 Xba I fil Xho I XU EFVI S5, %
S5PTase8 H #x A Bt % A pBluescript KS (+/-)
Phagemids, #iHikit A KT DHSa, 37 °C
Amp HiPE LB MRARal g g%, ik Bk s e
B, 4 PCR iEfG , 64 TAY TR (R
W) B AT B /1Y, df 4 BLASTP 74k T
HEAT P50 LT

B<: cjb@im.ac.cn
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®1 KARFAASY

Table 1  Primers used in this study

Name Sequences (5'—3") Usage

InoF CCTCTAGACAATGCCGTTGACTCACGTT 5PTase8 (Cloning, with Xba I)
InoR GGCTCGAGCCGCGAGCTACGGTTACTT 5PTase8 (Cloning, with Xho I)
QJ109F CCTICTAGAATGAGAACAGAATCAAAGAAG 5PTase8 (Cloning, with XbaI)
QJ110R GGCTCGAGAAACCTAGGTATGGTGTCTATG 5PTase8 (Cloning, with Xho I, no stop codon)
QJ204F CTGGATCCATGAGAACAGAATCAAAGAAG 5PTase8 (Cloning, with BamH I)
QJ205R GGCTCGAGTCAAAACCTAGGTATGGTGT 5PTase8 (Cloning, with Xho I)
QJ101F CCACTATGTTGCCCAATCCT 5PTase8 (qRT-PCR)

QJ102R ACATCTGATTCAGGCCTTCC

ELF1bF CCACTGCTGAAGAAGATGATGATG ELF1b (qRT-PCR)

ELF1bR AAGGACAGAAGACTTGCCACTC

F: Forward primer; R: Reverse primer. The underlined sequences are the recognized sites for the responding restriction enzymes.

$3R 1519 K & 5PTase8 [3 41| £ Phytozome 13
TE 28 B4 22 3 3 (https://phytozome-next.jgi.doe.
gov/)JEF| H BLAST 7E4k T. H.(https://blast.ncbi.
nlm.nih.gov/Blast.cgi) # 17 [F] i 1 & H ¥ 51 ¥
2R, M XTI ) [ U 1K % identity BI{E
50%, X FF IR A IR UR 2R 1 ) % identity 1A
o 43%, R Ak B A I Y[R Y 81
E-value ¥J/NTF 0.05. FLABEHAYE A AT
5| BLAST i K G i i [JR 2R 1, B0 kg5 e iyl
SEVE. BRIV AU CLUSTAL 31417751
HXF, F MEGA 11 #4248 821 (neighbor-joining
method)# H J& {8 (bootstrap value)i¥ A 1 000 14
BT RELE BRI,

KM BRI, ol RBOR TR, 2£ .
fE. RIEME RNA, W% cDNA, LIKE
ELF1b JEFR NS HERY, FeiaGnl et 5, fi
M Bio-Rad #¢)tiEH# PCR f CFX96 Touch™
Real-Time Detection System (Bio-Rad Laboratories)
PEAT I SOLE it PCRAGIN I 2 7 it RT-PCR £;
W, BAFESES 3 WEY¥ESL, B EDY
BREE 3 AMEREL, RA 2RISR R

IR,

1.3 BE#ZREHEROEEREL
R T H) i Gs5PTase8 it [A 11 i A% 2 ik 2,

http://journals.im.ac.cn/cjben

A, TESIW R S s in 1 AR N A BRI P 40 il A7
o AT 2 MFERIE RS pET-28a(+)
(Kan PUPE)F pGEX-4T-1 (Amp Fitk). R
QJ109F/QJ110R B, QJ204F/QI205R 5|#¥%t, LA
#A17 IR PCR FEFH 1Y GsbPTase8 H:A f+
B, A A T Y% A pET-28a(+)
i) Xba 1 #1 Xho 1 i YIfi si5i%E A pGEX-4T-1
f) BamH 1 Fl Xho I #VIN & . 5514 PCR ¥
K1) GsbPTase8 A H An Fr B Al =3 Z 44 HAH L
PIEGEYIIG, 2 1%NEBHEE R, DI R,
FIFH DNA Ligation Kit Ver.2.1 # #3871 &, ¥
H s b B 50k B J5iAZ ik a5 i e 4, 40§
R GFFTE DHSo JERSZ A, 283 Btk b
(50 mg/L Kan 55 100 mg/L Amp)FH 2 e[ ,
ZiRV% PCR BhiF )5, %4 TAEY TR ()
Uy BRAS |, ik BLASTP 74k 1T Halbf7
P4 LX), 645 5 41 Tk pET28a-Gs5PTase8 Al
pGEX4T1-Gs5PTase8.

g 000 6 I T A ) 5 RS SR ) DHS o B
TEAINRE PR R LB B 35 P 57, /)
$& TR o SR PO A% 2 8 25 B RN Rl 5 o
00 W5 JER I AF T BL21(DE3), 765 A FH VT
PERY LB M 37 °Cid 3557 , W% PCR B ik A
PER B TR, BAAE N RSl R IN TR .
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14 FHEAWEZKIFSRIERFERIE
FHERE

W s B A B ALTORL Y BL21(DE3)i s
F%, % 1:100 By LLG, R3] 3 mL &AM HTAE
R LB AR FIE, B E ODg=0.6-0.8,
HIA 1 mmol/L IPTG, 16 °C. 180 r/min i % 5%
FE, 4 CELDWETREIR, | x<BEfREESE i (PBS)
TR, AR 2 (LR E N 300 ng/mL
EH M, 1% Triton X-100, 1% PMSF), BT K
e, R A A A U R AN GRE R 9 s, [BIBK 6 s,
ST AEREE] Y 30 min), 15 000 t/min., 4 °CE Ly,
Sy B FIERPIVE , DITE ] 1xPBS #F 17 H & .
iEE R RTTE S I 5xSDS-PAGE %
M1 EREZE Wi, 98 °CEFE 5 min, 10% SDS-PAGE
o 56 kA B A T R BTE L

H T EREAAERRRIBFM, RE T
S/ IPTG A[FEHEE©.1. 0.2, 0.5 F1 1.0 mmol/L)
ARG SRR (16 °CiE i, 30 °CHl 37 °CHY
T 4 h) FEFRBCE. 4 10% SDS-PAGE
IS G 000 i A i A P75 Rk A
1.5 X=iHS GST-Gs5PTase8 EHEHKIE
gk

KATAEE S 26 & pGEXAT1-Gs5PTase8
Kinkri BL21(DE3)4% 1 %] 100 mg/L Amp
1) 10 mL LB ¥R K557 5 37 cCil G 1 1k,
FERER S Amp HLPERY 1 L LB WARE 3L, 37 °C
PRI 2 ODgo=0.6-0.8, I A 0.2 mmol/L IPTG
WL, 16 Cil iR, WERMK. mAK
AR AE VK AT, A3 e B FTIUE,
FIEM 0.45 pum IR L BRAR T, MR
GST filG 8 1 4i A2 A . Y 10 5 R FR Y
SV I 1xPBS B UM E AL, AR 25
MU 2L, J2ITAE N sE 2% 5, 4 °Cid g
B Y20 RS 1% Triton X-100, 1%
Tween-20 F1 5 mmol/L DTT ) 1xPBS {¥EZ M,

&: 010-64807509

BEHI 2 15 F5AEATH 15 mmol/L 28 H kv i
(0231 g I JEMEAMEH AL T 50 mL 50 mmol/L
Tris-HCI1, pH 8.0)%t/iAl & & 1. 10% SDS-PAGE
R 2R, BCA B vk B e 0] 6 ) e ali Ak
IR
1.6 EFHEBHMWEFNE

# 10 ng Gs5PTase8 4 FH 43l FH ]
BERYEEYI[IP; . 1P, PI(4,5)P, Fll P1(3,4,5)P; IR &
F 100 pL J2 i 2% v (25 mmol/L Tris-HC1, pH
7.5, 1 mmol/L MgCl,) 37 °CH# 7 30 min, %4
TE A3 G RE TR DOV, 5 Tl S 2 JE 4 K S
Ui B HEIRTE 650 nm YA IWOGIE, 1P, IR i
b 0.2 mmol/L, H.AJRYIHEIY A 0.5 mmol/L.

2 HERE4M

2.1 Gs5PTase8 EREMRE. FII 2K
HLAFRIE

M Phytozome ¥ (https://phytozome-next.
jgi.doe.gov/) & it () K & 3 BRI 41 Glycine
max Wmg82.a2.vl {2 UK & 5PTase8 %t
(Glyma.03G173000)/7 4155 2., FE 741K
6 644 bp, FeRJFHIKIE N 2157 bp, 4ty 51
(coding sequence, CDS)4K: 1482 bp, Zifid 493 >
A FEMR (amino acid, aa). il 7 SPTase8 /Y
Sl er, 4 DLH g% 659 X 7 31 (coding  domain
sequence, CDS)HAZ LR IS+ ATG FH45 1) 1E 1]
SIYIFL ST TGA HAMNTH I iR 09 1 1a)
I T PCR Y341, Joakfgiz kA, nlfe
FEAE AR IEFE R A9 T K PCR 473 1y Xk
PR, AEm G A 518535 1] 5PTase8
WA T E# , 31514 InoF 1 InoR, LIER
IR BB K T (Williams82 HI- CO8)FlEF A= K
F(WO05)HIH cDNA Ntk , M2 PCR ¥4 H
A K G GmbPTase8 I A4 K & Gs5PTase8
AL B, 28 Xbal #il Xho I XUEGII . JEA

B<: cjb@im.ac.cn
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]2 4A pBluescript KS (+/—) Phagemids , 43 %13k
5 H2H JFki pKS-GmbPTase8 Fil pKS-Gs5PTases,
FRL P45 5 5 Wildsoydb DataHub W 258 FF
U4 JE (https://datahub.wildsoydb.org/) I $#2L A%
JPA—8, Kk AFKE KRG Williams82 (WmS2)
1 CO8 1Y) 5PTase8 H:[K CDS FAIA—EL, s
“J7 GmBPTase8 (Glyma.03G173000), Hf7AE—
¥ 4 R 2 75 Pk (single nucleotide polymorphism,
SNP), 5l 1 311 (i MR 122 55+(D311G), B
AR W05 fY 5PTase8 H:[HiclfFE Gs5PTase8
(Glysoja.03G007441), 5 Gm5PTase8 777k 8 M
¥ 1 R 2 75 1% (single nucleotide polymorphism,
SNP)2E 5, i 8 NI 5, 47 )2 K10T,
38T, P195R ., L198S, A442V ., L448M . I1487L .
1490V ., # K & 5PTase8 5 7E Phytozome .
Wildsoydb DataHub #l1 Soybase (https://www.
soybase.org/) M 2l b 23 I 1 JL A H: At R 5k
2 B IR R 1 R A T T (R A R B
Hrpuy, BES . NMDCX0000287), Hrhfd 7
F 45K T Williams82 ISUOT (Wm82 ISU01).,
¥ 13 (Zhonghuang13, ZH13) . Lee. ‘Fiskeby III’
PI 438471 FIHF 4= K & P1483463, K& F 6 ik ks
KEAAPUE R, Wm82 ISUO01 5 WmS82 ¥4
—%, ZH13., Lee # Fiskeby III ¥ 5 Wm82 17
£ 2 /AHIFNR SNP, B 138T. 1490V, fii P
B RGP 81— 3. K5 SPTase8 IIBEIREEA
JRAFFE X I(PFO3372)7E & 3 iR 92-423 X B, %
2 MESFIX domain 1 A1 domain 11, 435 T2
FEWR 311-325 H1 390-406 X Bt, iF B & LR &
e (AL N TE BTG 1 PR ST X

¥ Gm5PTase8 & 74 &7 41, 4
FH At 5 i 3 LA A ) s A R R A
PAFFLRREE 1, AT F 5 LEX R R 4k &
AT PREER T . TRV Y B kAR FrgE 22
HAE . BRI . KRS R 2 0 )

http://journals.im.ac.cn/cjben

TR 1), £5HFH%) SPTase8 FFAE X I8 7 41 4%
AL, JEHOE 2 MRSFIX B, ] MEGA 11 )
AR AL (B 2), H2h FRILAKBL T P FhiE]
MIFG R R . M T B 4k ok
M2ERE, JIRE —A SPTase8 MIFVREM, T
MY 5 R F- A ) SPTase8 [A] ¥ &5 1437
RETFTWAD T, SRHEYIN 5PTase8 [l
FIRETFT AN, MR TFHMEY, K9
5PTase8 ML EHH £, 47 4 4>, WIGUF
TREEFA LM GR L RN FHHE
il =

ZHTHIFSE & P GsSPTase8 2 4k i i 5
Zk, AW E R RT-PCR F1 qRT-PCR %5
'Y GsbPTase8 1 K G4 A 4L IR B L 3),
KIL GsbPTase8 7E RN TAML . M. 25, JERAIE
HEA RIS, ERP N REER R
2.2 Gs5PTase8 [RiZFIEHIAIMERIFS
ik

Gs5PTase8 N ZWilR NLIE-5-BE R i, 5T
ST T P SO T e B A A I RE A OB . AR
BRI Fe ik 4lifk GsSPTase8 K[, LA Fk:
pKS-Gs5PTase8 WA , H: CDS 41l (e if 21
T ATG JFIR I IE 1) 5 | P A2 %5 T TGA 4%
Bk TGA HAMNT G 51499k PCR
B A FNZIE A R B ARG Se 24 T pET-28a(+)
) His-tag 87 K M2l R 48 . pET-28a(+)H ik %
Xba 1 1 Xho 1Y), His-tag i T &G 25 MY
C Uiy, RInP 51T RBRZLE ST TGA. #%
pET-28a(+)25 #; 14 Fl Gs5PTase8 At A () PCR /14
Bt Xbal Fl Xho I WY J5 4%, 1930465
Kan ] LB #ie_F itk s v, 4075 PCR 1
TEAR B BHE v b, )T IE 6 5 AR AR R A% R A
H# Ak pET28a-Gs5PTase8, A1, 4% AKX
FFI# B H Bk BL21(DE3), 348 1 mmol/L IPTG
PR RN, IR mMAENE 4), 4550
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Ljlg0013111 ! AT-VTRSCSIBUPLTS-AAFSET-SAAK-|UeR
Vit208s004002520 : SCIS--KPT EUGVOAEEIR
At5PTase8 B KTKPJYNONHRPNPVLY T§HGK - |elatafa 1|
Os5PTase8 e AESDHLHLLLLRPRAAGP— IAAG]

El1 K= 5PTase8 EHFFILEIT  EHCK AL K5 Glycine max (GmSPTase8). #74: K& Glycine soja
(GsSPTaseS)\ PEAE E 15 Medicago truncatula G. (Medtr7g100070) . 7 JikH2 (Lotus japonicus L.) (Lj1g0013111).,

Zj(Mtis vinifera L.) (Vit208s0040g02520). 8l 7+ (Arabidopsis thaliana L.) (At5PTase8). /K7 (Oryza
sativa L.) (Os5PTase8) R [\ J5 % 41 -4 7 Fe %, R4k X 8 Ky SPTase8 ()R A i 4 i A5 A1k X 8, PF03372 IX B,
J7HE X 3R A 2 ASRSF X domain T Fl domain 11

Figure 1 The alignment of soybean 5PTase8 protein. The plant SPTase8 homologous proteins were used for
alignment, including Gm5PTase8 from Glycine max, Gs5PTase8 from Glycine soja, Medtr7g100070 from
Medicago truncatula G., Lj1g0013111 from Lotus japonicus L., Vit208s0040g02520 from Vitis vinifera L.,
At5PTase8 from Arabidopsis thaliana L. and Os5PTase8 from Oryza sativa L.. Underlined domain is the
characteristic region of the phosphatase family PF03372. Two boxed domains are the conserved domains,
that is domain I and domain II. The gene locus of GmS5PTase8: Glyma.03G173000; Gs5PTaseS:
Glys0ja.03G007441; AtSPTase8: At2G37440; Os5PTase8: LOC_0s05g02350.
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2 1EY) SPTase8 BIRFREW Kok AKMWN 5PTase8 [MIHE N, WIHAE KT ARG, #l
FOT . M4 . WRBENE . PBKARL. BEEEAE . KM, SRS B EE . MIE. K. mE. hEM
s, BEAT SIS, ML R, AR AR A 0.1 DR R K

Figure 2 Phylogenetic tree of the 5PTase8 proteins in plants. The neighbor-joining tree was constructed
based on the alignment of the homologous 5PTase8 proteins in plants, including Glycine max, Glycine soja,
Arabidopsis thaliana, Vitis vinifera, Nymphaea colorata P., L. japonicus, Medicago truncatula, Oryza sativa,
Phaseolus vulgaris L., Arachis hypogaea L., Brassica rapa L., Gossypium hirsutum L., Zea mays L., Sorghum
bicolor L., Triticum aestivum L. and Populus trichocarpa T. & G. The scale bar represents 0.1 amino acid
substitutions per site. The gene locus of Gm5PTase8: Glyma.03G173000; Gs5PTase8: Glysoja.03G007441;
At5PTased4: At3G63240; AtS5SPTase5: At5G65090; At5PTase6: At1G05470; AtS5PTase7: At2G32010;
At5PTase8: At2G37440; Os5PTase8: LOC _0s05g02350.

http://journals.im.ac.cn/cjben
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B

500 bp

500 bp .

Marker Flower Pod Stem Leaf Root

Bl 3 KXE Gs5PTase8 RY4HLAAFRIEHE  A: K
7. GsbPTase8 7% 41 41 # iA #H X 1 1Y) qQRT-PCR 4
ARG P FR .35 25 52.(P<0.05), iR 25 AL %
FRUfEZ. B: K& Gs5PTase8 #4541 4 A i F i i
RT-PCR %5

Figure 3  Expression levels of GsbPTase8 in
different tissues. A: Relative expression of GS5PTase8
in different tissues by qRT-PCR. Different letters
indicate significant differences (P<0.05), and error
bars represent standard deviations. B: Agarose gel
electrophoresis on expression of Gs5PTase8 in
different tissues by RT-PCR.

#: SPTase & Ak alifb 5 R0, i HnT gE e
T AR, 85 His-tag 520 1 HFK A

N T 5 GsSPTase8 = 4H 25 W nl 5,
A B H R S-#4 % i (glutathion S-transferase,
GST)Rl&HEH4lifb RS . GST brZErE HindE A
) N 3, [ 58 T Gs5PTase8 K[ J5 A 2 1 1
¥ 25 AR pGEX-4T-1 Fl Gs5PTase8 %:[K () PCR
P14 A BE 2 BamH 1 Fl Xho I WY 5 %42, 15
IS Amp 1 LB MR ERPUrE R ERE, WiE
PCR 5611 3 B 3 1 A 79 BE 2 o B e 4L S
1534 2 () Bl BORE pGEX4T1-Gs5PTase8.,
A BL21(DE3), ¥l 1 mmol/L IPTG 5%, 10%
SDS-PAGE Kl 3k (B 4). K5 FHEIAARE

&: 010-64807509

El4 Gs5PTase8 EAZAMERKIFESRIE M:
M marker; 1. 5 A EUATE TR 2. 6 WA BUE
16 °C 1 mmol/L IPTG id i) 5 3. 7 73l v d]
A& pET28a-Gs5PTase8 #l pGEXA4T1-Gs5PTase8 i75
ST 4. 8 A AL 16 °C 1 mmol/L IPTG
ORI

Figure 4 Prokaryotic inducible expression of the
recombinant Gs5PTase8 protein. M: Protein marker;
1, 5 for empty vector before IPTG induction; 2, 6
for empty vector induced by 1 mmol/L IPTG at
16 °C overnight; 3, 7 for the recombinant vector
pET28a-GsbPTase8 and pGEX4T1-GsbPTase8
before IPTG induction, respectively; 4, 8 for the

recombinant vector induced by 1 mmol/L IPTG at
16 °C overnight.

FRHMEN, IPTG BTG, Ak IE
ik B . pGEX-4T-1 25 804K 1% GST #rss
HEHK/NL N 26 kDa, Gs5PTase8 & [ Fil il 43
THE2%, 49 kDa, GST-Gs5PTase8 fill & 14>
FHYN 75 kDa, %5 SDS-PAGE il 45—
o, WHZARS IR T KRG EA
Gs5PTase8 W% ik,
2.3 GST-Gs5PTase8 EAEHRIAZHMIL
J TR R R R AR &, WRTA
iR AT EABESRE, 25RETiH
S5 IPTG AYHE 4 0.1, 0.2, 0.5, 1.0 mmol/L,
MEER 16, 30, 37 °C, FHor 16 °CHRHIIHIFHR
ik, 30 °CHI 37 °CH 4 h PRIk, KiFTHK
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T, HHABAKEKEYH 10% SDS-PAGE fit
R zE R an e s . A ISR IPTG 17
FEWE, ASTRVEBE 24 AL FOR Y R RE Rk B
PREE . 24 IPTG W EE BRI, $25 IPTG Wi
g AR WS SRE, MY IPTG WE
ikF) 0.2 mmol/L i}, HARE W FRIERNE
IPTG WG IR 2 o 3 MRS S45
XTHLEE R, 16 °Cid RiiE i, HiREMAK
ik, HARBHRD; 37 °CfiF4hit, H
WERARKIEWKZ, HRFEZ; 30 °CiiT
4hif, HisEARKERD, ATREFHELELK
BE SR BRI H bR B Rk & IR
FRmthig L, HILESE 16 °CH N 0.2 mmol/L
IPTG K i ARG 1 GST-Gs5PTase8 3K
R e 25
24 FHEHHIAKL

K RIS U i s R B A, W
16 °C#HN 0.2 mmol/L IPTG it #&KiE S, *f
GST-Gs5PTase8 EZlHE HMIr KERE. H
GST R4k, *rafifb 17 SDS-PAGE

K 6), FERE AT RHAH 75 kDa Y
BB AL I — 25 S 1 A, /N S T A
e, difbfe i E AR —, oA, sk
95%LA I . iX AN H 2 1 GST-Gs5PTase8 4fifk
B BCA Rk f i e , aifb & 15
K214 4.9 mg/L,
2.5 EHEZHHIEEFHEEDN

N T WFFE GsS5PTase8 IRE, -6 H KM
Y+ oy e B, HRYE SPTase 5[] U 4 (R At 4
WU AT RE M VE RS 4 Bk TPy TPy,
PI(4,5)P, Fll P1(3,4,5)P;. # Gs5PTase8 B4
R & I 1Y SO AE 37 °CF % B 30 min,
o DA it 7K S i 5 i ) WG O A R ) I g O
P, HHEY) 1P BRI E R 0.2 mmol/L, H
AU 0.5 mmol/L. 25 R K 7 frs,
£ 650 nm KT, HA YIRS YOG E
¥ EFF, UE8 GsS5PTase8 filid 2K £ RSN BE
JKf# IP5. IP4. PI(4,5)P, Fl PI(3,4,5)P;, HIJEW
ST B B AU P 1 LB B IR R i i M A ol
WELRE, J&T 1L 2K W IR LS -5-BE R 1l o

5 GST-Gs5PTase8 EHERIFSRIELHMMUL  A: 16 CHRIUF T AFEWE IPTG ' Fid i FKik.
B: 30 °CA&A FAFMEEE IPTG 55 4 h £k, C: 37 °CAMF FARIWE IPTG i%S 4 h %3k, M. & marker
Figure 5 Optimization of prokaryotic inducible expression conditions for the recombinant GST-Gs5PTase8
protein. A: Inducible expression by IPTG with different concentrations overnight at 16 °C. B: Inducible

expression by IPTG with different concentrations for 4 h at 30 °C. C: Inducible expression by IPTG with
different concentrations for 4 h at 37 °C. M: Protein marker.
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Bl 6 GST-Gs5PTase8 EHEZHMML M. EH
IR (PGEX-AT-1) T/ ; 2. &4
JERL(pGEX4T1-Gs5PTase8)i% Sil; 3: 16 °C, B4l
Bk (pGEX4T1-Gs5PTase8) 0.2 mmol/L IPTG i
Wi%S; 4: GST-Gs5PTase8 4lifk & 1

Figure 6 Purification of the recombinant GST-
Gs5PTase8 protein. M: Protein marker; 1: Empty
vector (pGEX-4T-1) before induction; 2: Recombinant
plasmid (pGEX4T1-Gs5PTase8) before induction; 3:
Recombinant plasmid (pGEX4T1-GsbPTase8) was
induced overnight by 0.2 mmol/L IPTG at 16 °C; 4:
Purified GST-Gs5PTaseS8.

marker; 1:

0.06
0.05}
004} T
3 003 .
0.02}
0.01} !JT
0.00

IP3 P4 PI(4,5)P2 PI(3,4,5)P3

B 7 Gs5PTase8 & H K= 1E4E M
Figure 7 Substrate specificity of Gs5PTase8.

3 WhEER

Z 1 R LIS - 5-15 2 T (inositol polyphosphate
5-phosphatases, SPTases)) iZ - 75 T EHAZEY)
T, BB R 5L RE /KA B i T AL T 25 UL
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WE S0 L AOBERR, FEA FHEIRBIN S 515 5
P, {5 53 5, T 2P A o el e,
FEY) SPTases JKftIS W) ) e e e i T Hoa 7
VE ML 25 5 . At5PTase7 Fl At5PTase9 45 5+
MK e B v M 1) B8 5 W e e ILRSE i 1, T 4
iSRS RN SN E SR P uy S A T i N EEs
Y HIP528 ) At5PTasel2 Hl At5PTasel3 4 FrE /K
g 7K P TP, ITTEE I T B P A TP3/Ca” 7K
] KA A v S T UL R A K v UL 2
PRI YY) SPTases W AT AE 451 1 T I i
T JUL P2 3 40 R P 3 8 %) ol UL e 42170
I, BT SPTase KGN 51 e, RMHAEH
JEEW 1o s

K& SPTases Wi/l , AL K& B
P A K S LT AL K Gs5PTase8, HgmiBE 1Y
HAFG ST At5PTase8 [A]Ji, GsSPTase8 A 493 44
IR, & 2 MEHERT X, KRG S5 A RS
5PTase8 K:[Af£7E 8 4~ SNP, 6 4B il ¢ it sk 1%
R b b 2 R 3 DR AR (DL w55 o TR U3 [ 51
FeXF M R 58 B W4 BT A BRI DR e R )
TRSFH, SEPFIHECRIEA S, BRTAR
R KA S 58 R KSR ) Gs5PTase8™,
HoAtl ] 5 5 A (B A5 DA R I AtSPTase8) i) L g 44
I A HLARE

J3RAG Gs5PTase8 £ 1 LU T /5 2e i 58 H:
VEFIMLET, ASBFFERI AR R R R s R 4L,
@G His-tag #1 GST-tag £ iA4lifk Gs5PTase8,
4520 | His-Gs5PTase8 WAl &5 SR ik IR
Y, R4 GST-Gs5PTase8 Fil &5 G 215 8.5
HI AR 5PTases &M FRE S4ifk, tf
N7 His-tag (1 NGB, (AR Z 2 1E AR
KRG, BEbFE R UL (Drosophila) S2 41l
RERG PP W REEE R R G S 1
YN SRR R I T REAE, SEEA
ARE S T EEML, RRES N4k, i GST-tag
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Al REA BT B TR AR E T, TR
W Rk aifk T GST-Gs5PTase8., 441
#22, 0.2 mmol/L IPTG S 16 Cil K 5 H
il 2, GST SEAtEZMraifb)n, Aefs 84l
JERT 95%MRG I, 5% 4.9 mg/L,

LR NUBE-5-BEBR T SPTases KRG AT
KRR AR, —FRBIKEEMAL
FEWERR(IP), WIFHEE(G S5 1L8 /N F 1Ps; 5
— 252 VA T () Wl i I LB R (PIP), LAy
AR S 50 T PL(4,5)P, Y, XLy
5 HE T S TR 36 R 1 A EE GG . TP RS
Ca™' if5 5 . ABA MM B AEH, SZmiit £k
SOS i EKAEITA0 WEg R, FRE G
JULTE (P4 16 5 55 H-ATPase 1% 14 , T 76 5 g
T, PI WMt R WEREMENLEE -4 BEFR(PI4P), M
MifRR T PI XA H-ATPase {if P (9l , I8
fF, PIAP P& &S ) 2§ 3838 SOS1 ik, 4h
HE Na™, (RS EE, X UL PIP 284 i 7EAE
Yyt £k PR R EAE Y, WA ) SPTase
FIRE KB A XA, XA LA
BE T AR r o TR AL . ASWF5E R
KGR K Gs5PTase8 1 Jis 4 Bh 4 2 /K s 1k
() ILBERAE R (IP) , A6 15 P V2 T84 ) 5 g Tk AL el
MR (PIP), My 11 2K Z WM NLEE-5-WE IR . 455 Hi
W o R I GsSPTase8 V4 i € v T i 41
A (apoplast) . 4NMEAK . 20 i BE A A0 A ™), 5t
Bl Gs5PTase8 7E M M ffl #0543 B9 B RE v BE 5 7K
fift PIP ZJICHIAHG, T I P 1) T g DU 5 W R
5K 1P ZS R PIA 5% .

B, AR E ARG R iGRRE
F4lifk T K& Gs5PTase8 HHE M, [AITHEFT
T AT R I kg B, R B
FEM Y RS, HAERGHRP R RERL, &
VRSN SFEAG % BRL, GsSPTase8 HE41EE 1 1[
DIKFRIEEY) IP;. P4, PI(4,5)P, Fil PI(3,4,5)P;, 7
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