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Efficient activation of organophosphorus in black soil by the
phytase gene-modified indigenous bacterium Ralstonia pickettii G3

HAN Wei, XIE Yuzhu, CHEN Qi, LIU Jiaxin, ZHANG Bo, ZHANG Ying"

School of Resources and Environment, Northeast Agricultural University, Harbin, Heilongjiang, China

Abstract: Phosphorus is an essential nutrient element for plant growth and development. However,
the available phosphorus in soil is extremely limited due to the presence of large amounts of
organic phosphorus that is difficult to be degraded, with phytate (inositol hexaphosphate)
accounting for a significant proportion. Phytases can efficiently hydrolyze phytate and release
available phosphorus.[Objective] By taking advantage of the efficient hydrolysis ability of phytase,
the phytase gene was gene modified in the indigenous bacteria of black soil to increase the
available phosphorus content in the soil. [Methods] We employed the anchored protein pGSA for
surface display of the bacterial phytase AppA, thereby enhancing the stability and enzymatic
activity of the protein as well as improving the substrate contact efficiency. Furthermore,
leveraging the CRISPR-targeted gene editing technology, we precisely integrated the surface-
displayed phytase fusion protein into the 16S rRNA gene of Ralstonia pickettii G3 genome,
isolated from black soil to overcome the dependence of protein expression on vectors. [Results]
The 16S rRNA gene site could be used as a target for gene modification without significant effect
on the proliferation of the bacteria. The phytase-modified engineered bacteria showed a more than
8-fold increase in the hydrolytic ability of phytate and functioned in a wide pH range. After this
indigenous engineered bacterial strain was applied to black soil, the soil phytase activity
significantly increased, and the available phosphorus content rose by nearly 30%. [Conclusion]
Modifying phytase by gene editing can promote the hydrolysis of phytate, increase the content of
available phosphorus, and improve the phosphorus availability in the soil.

Keywords: CRISPR; phytase; organophosphorus; gene modification; surface display
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A4 N pGSA-appA. KW HT E (Escherichia
coli) DHSa Fl1—fk M B2 + FR 4388 B B RR B TG 2 /R
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PCR 1%, Bio-Rad AF]; HAMFTTHARIAT =
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Cargo X Pitit, HHmREGR A EAM AT
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KK RE, 5B R JC 4% v RS0 i 3%
A SE B o 2R AR ) A A T o B AL R AR AR L
ERICEE S, TR RS2 SCER[15,21].
1.4 HAEWEEER

fii i E. coli DH5a #" 38 H 4 2% /& pSPIN-
pGSA-appA, F i i 8 % I8k 57 75 40 B il 4% 1
& 45 E. coli WM3064 LK &2 245, BlJG
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W 485 A AR 0 R TR bR WM3064 5 A7 1R T
R. pickettii G3 & [8 2:1 B LB E T 54 50 pg/mL
K I % Z A1 50 umol/L DAP () LB 15 35 5k,
37 °CHEFRAAR(~10 h), EARTFER] 2% k[ 16].
SN2 = I 1 2% v e O s ) 2 411 < B S|
CHPRBGAR SR A PR, @514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") fil CM2R
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XA FHER VT PCR, PCR KW RIS 3CHR[16]
eI
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TR E pH 6.0, FEFRENED I : e il
6.25 mmol/L MIAHFRENIA I, HL 1.443 5 g WLEEIS
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ZAEW: 5% A LTRUS W (5% TCA). A
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Table 1

Gene and primer sequences used in this study

Gene name Primer sequences (5'—3")

Spacer
PAM
pGSA

appA

J23119

ACTAACGAAGCAGAGATGCATTAGGTGCTCGA
CcC

ATGAAAAAAGAACTGAGCTTTCATGAAAAGCTGCTAAAGCTGACAAAACAGCAAAAAAAGAAAACCAA
TAAGCACGTATTTATTGCCATTCCGATCGTTTTTGTCCTTATGTTCGCTTTCATGTGGGCGGGAAAAGCGGA
AACGCCGAAGGTCAAAACGTATTCTGACGACGTACTCTCAGCCTCATTTGTAGGCGATATTATGATGGGAC
GCTATGTTGAAAAAGTAACGGGGCAAAAAGGGGCAGACAGTATTTTTCAATATGTTGAACCGATCTTTAG
AGCCTCGGATTATGTAGCAGGAAACTTTGAAAACCCGGTAACCTATCAAAAGAATTATAAACAAGCAGAT
AAAGAGATTCATCTGCAGACGAATAAGGAATCAGTGAAAGTCTTGAAGGATATGAATTTCACGGTTCTCA
ACAGCGCAAACAACCACGCAATGGATTACGGCGTTCAGGGCATGAAAGATACGCTTGGAGAATTTGCGA
AGCAAAACCTTGATATCGTTGGAGCGGGATACAGCTTAAGTGATGCGAAAAAGAAAATTTCGTACCAGAA
AGTCAACGGGGTAACGATTGCGACGCTTGGCTTTACCGATGTGTCCGGGAAAGGTTTCGCGGCTAAAAA
GAATACGCCGGGCGTGCTGCCCGCAGATCCTGAAATCTTCATCCCTATGATTTCAGAAGCGAAAAAACAT
GCTGACATTGTTGTTGTGCAGTCACACTGGGGCCAAGAGTATGACAATGATCCAAACGACCGCCAGCGCC
AGCTTGCAAGAGCCATGTCTGATGCGGGAGCTGACATCATCGTCGGCCATCATCCGCACGTCTTAGAACC
GATTGAAGTATATAACGGAACCGTCATTTTCTACAGCCTCGGCAACTTTGTCTTTGACCAAGGCTGGACGA
GAACAAGAGACAGTGCACTGGTTCAGTATCACCTGAAGAAAAATGGAACAGGCCGCTTTGAAGTGACAC
CGATCGATATCCATGAAGCGACACCTGCACCTGTGAAAAAAGACAGCCTTAAACAGAAAACCATTATTCG
CGAACTGACGAAAGACTCTAATTTCGCTTGGAAAGTAGAAGACGGAAAACTGACGTTTGATATAGATCAT
AGTGACAAACTAAAATCTAAA

ATGAAGGCCATTCTGATCCCGTTTCTGAGCCTGCTGATTCCGCTGACCCCGCAGAGCGCATTTGCTCAGTC
AGAACCGGAACTGAAACTGGAAAGCGTTGTTATTGTGAGCCGCCATGGCGTTCGTGCACCTACCAAAGC
TACCCAGCTGATGCAGGATGTGACCCCTGATGCATGGCCGACATGGCCTGTTAAACTGGGTTGGCTGACC
CCGCGTGGTGGTGAGCTGATCGCATATCTGGGTCATTATCAGCGTCAGCGCCTGGTTGCCGATGGTTTACT
GGCAAAAAAAGGCTGCCCGCAGAGCGGTCAGGTGGCAATCATTGCTGATGTGGATGAACGCACCCGTAA
AACCGGTGAAGCCTTTGCCGCAGGTCTGGCACCTGATTGTGCAATTACCGTTCATACCCAGGCAGATACC
AGCAGCCCGGATCCTTTATTTAATCCGCTGAAAACCGGCGTTTGCCAGCTGGATAATGCAAATGTGACCGA
TGCAATTCTGAGTCGCGCAGGTGGCAGTATTGCAGATTTTACCGGTCATCGCCAGACCGCATTTCGCGAAC
TGGAACGTGTTCTGAATTTTCCGCAGAGTAATCTGTGTCTGAAGCGCGAAAAACAGGATGAAAGCTGCA
GTCTGACCCAGGCACTGCCTAGTGAACTGAAAGTGAGCGCCGATAATGTGAGCCTGACCGGTGCTGTTAG
CCTGGCAAGTATGCTGACCGAAATTTTTCTGCTGCAGCAGGCACAGGGTATGCCGGAGCCTGGTTGGGGT
CGTATTACCGATAGTCATCAGTGGAATACCCTGCTGAGCCTGCATAATGCCCAGTTTTATCTGCTGCAGCGT
ACCCCGGAAGTTGCAAGAAGTCGTGCAACCCCGCTGCTGGATCTGATTAAAACCGCACTGACCCCGCATC
CGCCGCAGAAGCAGGCATACGGTGTTACACTGCCGACCAGCGTTCTGTTTATTGCAGGCCATGATACCAAT
CTGGCCAATCTGGGTGGCGCACTGGAATTAAATTGGACCCTGCCGGGCCAGCCGGATAATACCCCTCCTG
GTGGTGAACTGGTGTTTGAACGTTGGCGTCGCCTGAGTGATAATAGCCAGTGGATTCAGGTTAGCCTGGT
TTTTCAGACCCTGCAGCAGATGCGTGATAAAACCCCGCTGAGTCTGAATACCCCGCCGGGTGAGGTTAAA
CTGACCTTAGCCGGCTGCGAAGAACGTAATGCACAGGGTATGTGTAGCCTGGCCGGTTTTACCCAGATTG
TGAATGAAGCCCGTATTCCGGCATGTAGCCTG

TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC

27F/CM2R  GGAACTGAGACACGGTCCAG/CACCCATAAATTGATAATTATCACACCC

7T 250 mL 7818k, 4 °CIRFE. KH,PO4 5min, fIIA 0.4 mL JKPIERGF MRS, BT

(50 mmol/L): HX 0.680 5 g KH,PO4 [, ¥+ 37 °C/KW L 30 min J5, filA 0.5 mL Z¢1E

100 mL 0.1 mol/L () NaAc-HAc Z& i . K 05 mL AW, 2 10 min, 0 0D
B0l mL B, & T 37 CRBMWM B,
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Figure 1 The map of the pGSA-appA-pSPIN vector.
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Z ﬁ]ﬂ 119 promoter

pGSA-appA-pSPIN
16 036 bp

crispr

BEE AN AR AR, B 0.1 mL ik
FRT 37 °CAKIB T 5 min; JIIA A6 4 A9
RNV 0.4 mL, IRAISIEET 37°C
KNV 30 ming ITAZ R, 1R2); AR
@) BA% 10 ming B 1 mL FRFES TR L
ML, FHAEEE N ODqgs i brifi Hh 235
WOK it I B FR AR VR

0.1 mL W T 37 °C/KIE T 5 min, il
A 0.1 mmol/L [AHFREMIE YA 0.4 mL, Jfffi
FHERRR AN AL EATS 5 51 pH 2 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 37 °C/K¥AJZN 30 min, J
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1.7 EFEEIHEX T IEERRREL

500 g oL R 4 1485 10 mL AR FER KIS
VB B R. pickettii G3 T (ODgoo fH R 1.0)IR A
¥ISE, BN S R/ AI ) E R ZFRE T,
TR 5 W(LATCH A BRERKAVE X B A
BAMKE IR, &7 RE—KE)Z L, 57
T—80 CCOKAFATFI . FRHL 0.1 g 1 i £A£, WA
1 mL NaAc-HAc ZZ#p%, 1 500 t/min #8775 1 h,
10 000 r/min B5.0> 10 min, B FIHHK 0.1 mL 7EH
FRIAE i (25 1 2R TR A5 2 v B AT ), 4% 1
PP T Tt % P A vk R AT R . SR PR T T
PECERAL Uyt A () Fs .

, k(Ag—A)xLxD
i = Ao M‘T)V (1)

K kNP HEMZERIR, 40 F1 Ao 53 3 R U
30 min AR ODqoo {E, L M $RIBCHE R BN
AR 0P SR T, D AR BOR R B, M
RIFREUR SRR, TNV, VoA ROV IR
AT

WO [ e R B e =49, R a0 sl £
USRS, AR kT SRR U S
i SPSS 30.0.0 #£1T ANOVA 4347,

2 ZEXRE5itb

2.1 THERES AppA HEEEREBZITRS
i
J T SEF pGSA-appA FEPRITE H bR LA
2o 16S rRNA FEHA g R B4, 75 2% i
7 pSPIN ZR A E k118 4 2o . JR 4R pSPIN
) Spacer 5| TSR ] E 7 T lacZ FEH(E] 2A).
55—, IR LA Spacer JFA ki AR H AR
PEHY 16s-spacer ()T 91 5| 5 A 16 52 A5 1R X
SRR, UL 2B, %25, L 16s-pSPIN
MFERY, X Cargo TR sh Fi T ol . R
IR#EAARRY Cargo FEF B/ IE BT, MR A A
A 3 ¥ 123119, DISEELH A5 N a3k
K BaESfS ROk 123119-16s-pSPIN (5] 20).,

Bfif5, 7F 123119-16s-pSPIN JFiki Bl [- % Cargo
B VR XA TR L K% pGSA-AppA Rl G H
SEHEEYI(E 3B) %44 123119 JH 8 FJ5 10 bp
KA, MR ARG AppA R /R R 50
WAk, HAEMETE 16S IRNA JEH {7 54 F ik
(% 2D),

B E 8 pGSA JE M FZF AT R y- A&
MR & WL A (poly-v-glutamic synthetase A) & £
FL, B2 0 T8 s e R, Iz
B AR B SR R ORI AR
H AR 7R Ja i 8 B 5 1 1 A R it
Z IS, AppA FHIREHE ) Z T KIAFFH,
HILH AP appA FEH gmts, J8 T 2H &2 R R
WERR I (HAP) K % . MR AppA 1) = 4EZ45H 41
B — MR (T T K AEIR) AN — 1> 235 A8 i 1
(W5 TIRMES S RETT), &R LAY 6-HH R il
(6-phytase), BIOLSEMARRR Y D-6 3% 5 T4 7K fif
BERREE S, AR IUKAE IR IPS . 1P4 S5AR Rl R 1k LI
RIEY, B T=Y e OO A LEE ),

AR TR A= rh o B 0 3 A B IR R
1 [<. B (Ralstonia pickettii) G3 Y 16S rRNA F:[K
FFHVRIE, 31T pGSA-appA-pSPIN 1) Spacer 7
H, HT pGSA-appA FYFEEEAE, HE a7 507
T 27F J5 962 bp Ab . INTEGRATE Z 4t i iof
Spacer JF AN 5|7, 2344 %4> R end-L end [
Cargo XI5 it 22 HARL S o o~ 1 Bk Edd A
R, A XS A R ST TR RS
(27F/CM2R), X4 16S rRNA FE[H 1Y 27F #|
R end Z M /751 47 PCR, FHrft CM2R /& R
end FRYFFIEFS . BERCHLUKES R WoR, HT4b
P LK s DA AL R 2 G B e B8 il &
S, IR DLE R SRS | ) 58 i PCR 2 72
MEIAE MR THt= Cargo #44: X, FIKJC R end
By, dEmiJE PCR =¥(E 3A). R. pickettii
G3 JB TH 2RI A, BomtEs ™), &
B R WL —Fh A, BERBIE N A A kS
BT, TEVE LI TG Y& 52 07 T 22 30 1 120,
IF HaZ @i mr Dhl o e ey =X, S HAM R
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Figure 2 Construction process of pGSA-appA-pSPIN vector.
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Rt S (25 | 5219 Spacer 51, % PCR 545
R W7~ , pGSA-appA 11 Cargo IX 3 i A |

P4 actamicro@im.ac.cn, 7% 010-64807516

Spacer J7 41 J5 49 bp &b (&l 4), i H Cargo X3
234 A FH AT Spacer J¥ 41 i 50 bp 2 A7 AR,
XSG AHFIE 25 R —F, Klompe 57 45
T, P AN P sE(L end AT R end) 3¢
8 G HF ERCR I S . I, A8 R R
end” 7EHT I BRI IR (B 1),

F RG340 Al A — B H
F14) 35 DXl I I B e S BT, DA ol A 1
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