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W OE AR & R AR AR TR AR AR L AR AR AR A 09 AR LI | R BT SN A AR FLAR I £
BF S BHAT KRB AR YIY, T HE BT RF T K& F48730T, 3t — P M YTY
BRI R R AR A AR YTY 69 MAR LI 25 R R0 AAEAR TR 138 5 & 09 sk AL
B YTY BAESH0MEE A, BEFAITS S RN ZA A FERFE;YTY 0944 H T 544 30 keV
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TR A REAILAR , LS i) PO A e L ML B i AR —
TE F BRI , S i SO e O T A AR AR IR

1 MR5ER*®

1.1 #F#

LA A A 508 ( potato dextrose agar, PDA) 5 3%
B HEY 200 ¢ TEAE 20 ¢ BHR 20 g ZE1HIK 1 000
mL pH {H 7.0,

TCHUME S Ml 15 97 3 A 49 % 10 ¢ NaCl 0.3 g,
KC1 0.3 g MgSO, -7H,0 0.3 g.FeSO,-7H,0 0.03 g,
MnS0, -4H,0 0.03 g, (NH,),S0, 0.5 g.Ca,(PO,), 5
g, ZEME7K 1 000 mL,pH 7. 0~7. 5, H:#Ca, (PO,) , 22
FEo IS K JE A

FLIA B DNA $2H0H% B 5L TR DNA S BOAH & (4=
Yy TR B R ) UL HEA T, EL TS 741
P10y 5 1Y th K E A TRABRA R AR,
1.2 FHik
1.2.1 MEFAWE YTY #90fik  BUTr R # Bl
HH/NAE FIAR AL A AR PR L 3850k 5 ¢ T 50 mL K
W PR A IR AT HE B L VE WA 1071 (1070
1070 3 N0 14 i Bk TR AL B, 43 ) BBURE 1 e Ak L Ay
IR 0. 2 mL WRAR T ICHUMERS PR [ A G 77 0 | R 28
W5 WHES 28°C 5% 5 d, WA B 1k 0 Pl 1) L 7
P72 T 7 10 AR /N (D g ) 1] D25 D BT 1)
BRI (Dig ) > Digmm/ Do TE 8 W1 575 4K H5, Pk HL
D s/ D BRI EL TR TR V% % 22 PDA T 85 97 2,
4CIRFE

B2 PR LI 1) R 6L F T 100 mL TCHLXERS
PERRIR AR 7R3 P, 28°C (70 remin™' S FAER FEIR
Bige s d, PRI 3 RE A, BB 0k I T
PRIV AR BE 77, P 35 i W 5 7 o ok 1%) 0 s ECTAT, G 5
YTY,4°C A7 H
1.2.2 FARAR YTY 6952 ¥ YTY WARIEEFR T
PDA B5553E 28°C 1% 2 d, MW KL A, H A&k
BUYTY 17, 3 AT PDA A, $5Fh S B U2 4 1
em® 48 R, 28 CHFATIC 7 55 5% TP IR 221K e - 4 )8
J5 , F Quantu200 FREEHT S (SEE FEL A )
TIEs,

FIH PDA ¥ 3557 HA YTY , B HCE ML 1
T 2 IR TR o TR RIS | RS s A T 22 4R, R
FHECT S DNA $2B0R50 & (B9 TR Bl e A B
N E]) BRBCL SR 41 DNA, FIFH ELE ITS JF 511 PCR
WG, FE5198 1TS1 .5 -TCCGTAGGTGAACCTG

CGG-3"; FI#5149°M ITS4.5'-TCCTCCGCTTATTGATAT
GC-3'#HT PCR ¥4, I A R 50 plL, 404% 50 pmol - L
dNTPs 5 pL 10 pmol - L™ E¥#5 4 1 pL 10 pmol - L™
T34 1 wL.3 U Taq plus DNA B 4H8F 1 pL,10x
PCR JZ W 2% i 5 pL,ddH,0 37 pL, PCR ¥ 34 .
94°C THAZ P 5 min; 94°C ZF P4 1 min, 57°C iR kK 45 s,
72°C SEfH 45 s, 35 ANEFR; 729C #E{H 10 min, PCR 7=
Wik 2 F AW TR (CRIE) A BRA R, 345 H DNA
JPH1, #2538 GenBank % 5%, il if BLAST X HL 4840 Br
FE51, FIF MEGAS. 0 #¢E5F YTY #4125 4 & HAY
Fgt,
1.2.3 MBEAEH YTY & F R#FE 0.2 mL
PRSI YTY 720 W (10° CFU-mL™) Tk
B REEFRILN IR A A Ja BT TAE R, Jor Xk
Tl YTY 7 5 B, SR J5 8 55 = L& T Titan 81
HEANLEDEZE N, FIH 20,25 .30 keV 3 A RERLAR
RERES T TAR 9548 R 3 ) &2 20 3k 5x10™ [ 1x
10" 5x10" [ 1x10' ions - cm™, 4 5 Ab FH 5 B 25 % IR
HEAJG 1 mL JCEK e AR T8 b, 780 4T
AT, R 1077 1079F 107 J5 R AR T IO HLMER M85 7
Mo AR YTY fE15 %

YTY 7 5 = i HERE 5 04 T V% B0 B0 25 6 BRI T
7% Ex100% (1)

YTY AIRITERRIE D g/ Do 19K /NIEAT , B0 R
FHRERSESR S d, SHBRPL L 03k ) 0 2 T8 Bk 10 e 1 B
Mo
1.2.4 fREEEE YTY 3330 & pH A8 2 BUR0E
FLPA YTY 28°CH55% 5 d B TCHLMER HERERE 72 3 mL,
FIH PHS-3E 24 pH 1 ( L F w4 BRA R M E pH
B, BRI 3 IREHE
1.2.5 MERAE® YTY 2Rk APBRG T B
1.2.3 iy YTY B35 3 mL & .04, 8 000
remin” B0 5 min, FIERZ 0.22 pm K RIEE S8,
FH 1 mL B SHERTE A 1CS-2000 8155 7 (0 1% 4% (35
LN ) AT E , B 354 8 DIONEX TonPac®
AS11-HC BH B 284tk (KR ), b i3 1. 20
mL-min™", FE IR K 30°C, FEREAEF R 0.5 mL, R HE
Chromeleon {435 T AE w45 AEFS B 0 BT (35 5500 |

2 ZHRE5HH
2.1 MBEEE YTY Mffik

I 1 RTAT 38 ) 0 N A 7 402 8 13 ke ol L
P ( phosphate solubilizing fungi, PSF) . 13 f& PSF #f ]



1074 oAk

S ¢
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TE LABAR R =55 Ay W — B VAL 110 I ML V5 P - A 1 A
1K, I8/ Az B 5 1933 B BB, AR B D /D e BT K
IMRIR S5 A PSF 1~PSF 13, 13 R Diguy/ D s
B /N A 1,020, 5 R 1,420, 13 Bk PSF R
T PSF 2 WA NS fm g e Ah , oA 12 Bk PSF ¥ HA
— R R BEBE J7, Hodh PSF 13 By wifie J1 ol , Ny
186. 4 mg- L™, 44 MR L YTY,

&1 AEMEYIRBRAEBEE E R 05 L

Table 1 Screening of PSP in rhizosphere of different crops

— Digoe/ Doggy ﬁi@iﬁ%ﬂ TR U5
Strains D otvent zones” .l? .solublhzmgi Sourcfas of
D otonies abilities/(mg-L™") strains
PSF 1 1. 020 23.8+1.2 HRAE AR P - 35
PSF 2 1. 082 - AN AR
PSF 3 1.130 43.2£1.7 INFE AR 4
PSF 4 1.176 68.2+2.2 HAAE AR P 1 35
PSF 5 1. 180 60.4+2. 8 FRAEAR R 138
PSF 6 1.211 90.7+3.0 INEE AR 4
PSF 7 1.230 105.8+1.5 /NAZ R 3
PSF 8 1. 260 99.8+2. 1 AN AR PR
PSF 9 1.262 103.8+1.7 MRAEAR PR 11
PSF 10 1.265 117.8+2.0 INAZ R
PSF 11 1.280 120. 8+3. 4 FRFEAR PR 135
PSF 12 1.312 143.8+1.2 N 2 e
PSF 13 1.420 186.4+2.2 FRAEAR B+ 1
TR =" FOR A BERUR
Note: ‘=’ means unmeasured P solubilizing abilities.
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Penicillium virgatum NR 077137.1
Penicillium raistrickii strain FRR 1044 AY373927.1

2.2 RBIEE YTY WAEWFLTE

FHE 1-A A 50, 76 PDA A L@ B EC B YTY
A IS R ERT SRR ASS S Y = ) SNV E. Sl =]
@, EVE RO, gk, o AE T 2 s . YTY 1)
02 A B A A O N a2 A R R e L B 0
B/ INERZE G, i IR B e A (18] 1-B) o it —20 X
Fe b e R, W B YTY 545 % % 8 ( Penicillium )
FAE R AR, TR S A R S & YTY

T A BB R YTY W75 B e B YTY BYH BRI (bar=30 pm) .
Note: A: Colony of YTY. B: Electron microscope
photo of YTY (Bar=30 pm).
1 BHEE YTY METERBER
Fig.1 Colony and electron microscope photo

of phosphate solubilizing fungus YTY

ARG AR B8 o E W YTY 5% R 5T %
Penicillium oxalicum SD123 KP639194. 1 AL IR B B
(K 2), BETEEFRER AT 25 RHE %
EMWEEE YTY NEERHFE Penicillium oxalicum
2.3 RS E YTY MAIEGFEERE

FH & 3 A%, BE A 20 keV I ,5%10™ [1x10" 5x

virgatum 35 %%
FHHE

Penicillium commune strain HDN11-131 KM196534.1 %18 # %
- Penicitlium jensenii NRRL 909 NR 121297.1
Penicilfium spinufosum isolate FU33 KP836335.1 /MR %

aAHRHE

99 Penicitlium glabrum FJ904924.1 glabrumi& %

96! Peniciflium thomii strain FRR 2077 AY373934.1 LI} %

Penicillium citreonigrum strain Gr155 FJ904848.1  HIE#H %
Penicillium menenorum strain KNU3 KJ921605.1 menonorum 3§ %%

Penicillium janthineffum strain ESF26P JX863411.1 TH&7 %

Peniciliium oxaticum NRRL 787 NR 121232.1 HE S

Peniciliium oxalicum strain YTY R %

78  Penicillium oxalicum strain SD123 KP639194.1 HRES

Penicilium pinophilum AB455516.1 AT &

Aspergillus niger strain WM 04.470 AJ853742.1 Rl

2 MRBEE YTY MRS
Fig.2 Phylogenetic tree of phosphate solubilizing fungus YTY
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10" . 1x10'" ions-cm™ 4 N SFAN R T S % YTY
TR N 62.3% .59. 4% 48. 6% .45. 3% , W i &
BT R GRS A 30 AA TG R SR W BRI R
£ I HRS/IRR ( hyper-radiosensitivity and induced
radioresistance) %% vj ; fit & & 25 keV W, 1 x 10
ions - cm 4E ST AL PR BT A YTY BUAAIE 2 10 3 5
T 5%10" ions - em™ T A7 TG % (P<0.05) , H HRS/
IRR R0 52 AN 56 42 e i 0 30 keV W, fif 75 %
YTY 7E 1x10" ions« cm ™ Ha S Ab BEAF 16 R . 3 = F 5x
10" ions+cm > F1 5% 10" ions-cm *§@ 4 AL FH  HRS/IRR
ROV I, R 30 keV A T, X #BEH 5 YTY A
V5% HRS/IRR RN, il FL I YTY A9 HRS/IRR 500,
R 25 R N B A S I A A I it 1T 2
%,

—120 keV 25keV =z330 keV
70 4

60 1
50 -
40

30

FEIEZR Survival rate/%

/& Doses/(ions-cm™?)

W AR/NE FERRIE 0.05 KPR BE., TR,
Note; Different small letters mean significant
difference at 0. 05 level. The same as following.

B3 MEEE YTY RESFEANNHNEFERN
Fig.3 Dose survival effect of phosphate
solubilizing fungus YTY irradiated by

low energy nitrogen ion beam

2.4 BB EYTY FEEGNRRERSHNENFIE

IR 2 AT I A8 0 T AR A il LT YTY 1Y IE
S 48 B, 20.25 .30 keV AT T 15 1E 285 Bk A
A 13.12,23 #£;5%x 10" 1x10% 5%x107  1x10"
ions-cm™ 4 PNHESHAL IR B IE & AS KR 9 A 13,18,
7.10 ¥k, Ho el 30 keV FEEFFI RN 1x 10"
jons-em 2AbH R VI RIS A AR A TR £

XTI ARA 48 AR IE AR IE— D A T8 R 52 0
BT AR RE ) S5 e MR AR p— 1, AW fE
$3235.7 mg- L7 B R MBS LA YTY #2581
26. 4% AR A5 1% TR PR (19155 28 25 A 30 keV, 1x 107
jons-em A& B T, W 30 keV 1 1x10" jons - cm 45 5}

R2 MBEHE YTY VIR RTEKRE
AEEHSRETHRER S
Table 2 Distribution of mutants of phosphate solubilizing

fungus YTY under different irradiation conditions
e R

Radiation doses

HEHE Energy/keV

/(ions-em2) 20 25 30
5x10% 5 2 6
1x10" 1 2 15
5%10" 3 2 2
1x10'® 4 6 0

FAF T IR R AR AU 2 B seRdum ,
VRN RBE ECE YTY VA28 2k & A0 A 4 5 45 1, A
FH 30 keV  1x10" jons - em™Xf p—1 BWHRIEITIHA, e
ZAAT 3 MR AURBE RS R, g5 /N p-1-1.p-1
-2 .p-1-3, 3 PRIA I FEBERE J1 4351 0 291. 8 .264. 6,
245.8 mg- L™ B R TR AR AR B LD YTY S0 5ilde e T
56. 88% .42. 26%H132. 15% (£ 3) ,

R3 BEHEE YTY SURTHEBRN
Table 3 Phosphate solubilizing ability of
efficient mutants of YTY

7 Pkt T
R4 WIHED DR ) 2LE
. P solubilizing abilities Change of P solubilizing
Strains name 1 .
/(mg-L7") abilities/ %
YTY 186.4+2.2 0
p-1 235.7+3.6 26.40+1.93
p-1-1 291.8+5.5 56. 88+2. 96
p—1-2 264.6+10. 2 42.26+5.48
p-1-3 245.8+8.7 32.15+4. 67

2.5 MRBEEE YTY FBHSH

I FH B (o il v 0 2 e ECTRT YTY TCMLME S P
BEAIRE IR (35395 5 d) , mIE 4 n A 3 4~ i
A LI | 3 N AR BA B5F 1] 43 5310 6. 6.7, 3. 15. 6 min,
E—25 43 BT R I 3 AU LR BA B ) 5 2LR | & 1R A
iR 3 Fi HLIR 1) B — LR A bR AR 0 £ B3 1) (] A
6], AT 3 Fie MLIR 43 R LR | TR FRE R, 45 5%
WX 3 A A HLER & & 43 B 0.040 1.0.038 4,
0.064 3 mmol-L™" A B5 WY pH [H K 2.5, £
W EL T YTY VAR HEIR =45k ftrh 2k T 3 fh
HHLA .,

& 5 Al A KK p—1-1.p-1-2 p-1-3 §FF
W) pH AEA 0 2. 1.1.9 F1 2.0, =F Z [ JC B ¥ 22
5 ARUE 3 RRAS TR IR pH (3 B EF LT CK(P
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Note: a, b and ¢ mean the absorption peaks
of lactic, acetic, oxalic,respectively.

E4 @BEEEE YTY BHEFENER
Fig.4 Production of organic acids in

phosphate solubilizing fungus YTY

<0.05) , K 3 BRI EE AR 135 T CK,
p- -1 R IT = FLIR | £ 2 | B2 RV IR % 5 43 ) 34
CK #2551 113.3% .60. 3% . 131. 2% 11 45. 1% ,p—1-2
BRI 8 CK 5 T 131.2% . 62.2% . 43. 1% Al
52.9% ,p—1 -3 RS HE CK #2755 T 30. 4% . 14. 1% |
43.8% M1 11. 9%, & F R IFELH1HEEH % YTY /™~
FLIR | LR R FLE R Y BE ) A5 B0 AS R R B 1 s
i EEE R YTY A MR RE ) 5 H gk ie ) 2 1F
FHOG, RUIARRE S5 YTY MIfRBERE 1 5 H A PRI
RE 1 DA OG

0.25+ O A ez LR a\:’ Hig= E\@ﬁMPH{E_}O

—_ a

) T a

2 020 bl : 25

£ pal b :/g/}

= H 0 120 o
'ﬁ 5 0.15] :\%f i : =
5 i i i s 2
4‘%_ ] al a H = =3
' g 0104 i i i i

& 0 a bH O 1.0 %

.2 b HH H b b c o

g 005/ beln oo cf

U

0.00 HO Iila |Gl ‘ 0.0
p-1-1 p-1-2 p-1-3  YTY (CK)
BiAK Strains
5 MRBEEE YTY RELEMKA pH BER=BHN S
Fig.5 Analysis of pH and organic acids
of YTY mutants
A ‘
3 g

H A& B i LR A 60 250, £ 28 THEMS 1
J& ( Alternaria ) . Wi %5 J& ( Aspergillus ) . % 7] # J&

( Fusarium ) . T % J& ( Penicillium ) ., B¢ 17 W &
( Talaromyces ) AREJE (Trichoderma) %5 , i IE £
1 il 5 A A s, B A R e R
R ERE T o — A TR R B 1) B B ) 2R 7 % LU AT
5, RIS RET K3 I RE J1 R 26.92~43.34 mg-L™',
TR 25 40 0 11 I8 it W 7 3 B9 BE 1 Ol 59. 64 ~ 145. 36
mg- L™, ELTA LG 40 T 7 #0507 B 19 BE ) B 598, Nath
SEUOUR I 2 bR R L, B BRI i Re ), B
FFWERE 1 fc A 2l 84. 25 F1 86. 1 mg- L™ AWFFE A
AR B - S0 VE R AT 1Y A W R T YTY , HA = i
B LR RERE 1 R 186. 4 mg- L7 i FHTAGE M
AR AR B R YTY M3k
Shy PR e L A A B AL ) BIF 5 B T R A 4Rt 1
HIRERE RIS R YTY SRR TAEW AR By - 48 n] AR
R L T A AR A 8O PO ST SR SRR L
B RIBEHORMTE AR TR E Bk RSO
AT e B, S B I (5 PR S B E B
PRIXE , #5 RE A RO BE B 2 2 E YTY 1R
FERAS 264 AT B YTY B F AR T TAER
BRI ARG & B 30 keV AR AE AR T48 5 YTY
FERRTT5 & HRS/IRR 0, 2B 48 AR i 1E 28 4%
S YR ) , KI 30 keV . 1x10" ions-cm 245 B AL BT
MR TR 2 H B ASCR R, BOZRR S 5545 YTY
[ IRR 28085 & A2, F AT IRR &40 51 17572 7]
EFRARHAR SR AR R, H A, B ML A R E
HLAE 2 28 f T B ( Paenibacillus sp.) ™" 1 K B
( Saccharomyces cerevisiae ) 200 R T B (Acinetobacter
sp.) SRR W R K BT S UL . R A PR
A5 B9 HRS/IRR 250 AT BE 5 DNA it i 18 52 % ) AH
SR BB & B DNA #1455, 5 B & DNA SUEE
724 ( double strand break , DSB) At 461 173 1& & IR & 7E
HRS/IRR #0775 % Hp AR ) A A 9 2 3
fIRRE A B T TE A R FF B MG1655 7T 5% HRS/IRR
i, Hifs K 525 DNA GBI recA e 5
51 3B R A SOD A CAT #PIHI3&, #E0 IRR %%
N & B A YTY 400878 DNA A %Kiy it 4
YEF,J83h T DNA & E L, DNA BB 2 R5H
JE BRS040 20 i A LAAF IS | S BOHAR I %
B, HGES YTY 40009 DNA B 208 5 il K4
TR AR FRUH A IRR 5 5 SUG)
AT R YTY AT AWy A e 7
TRR WALl i 5 B3 5 B R AR AL 1 22 AR
WAEY 2 5 TOLBE ki ML R BT 430 4 F,
BAAHIIR ST R AR B SRR AL
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TR 2 PR Ol 2 A A 1) S B 7Y Chai 57 A
BB Py B 8 1 AR B PSMI1-5, & ARl 1
SHAER AR R BT, HATENNC AT
FEBEHLT AR FE 483E , 40 Ahuja 5570 A8 5 (L5 5
( Paecilomyces marquandii) AA1 = A F) A7 15 R F1 B iR
S BURBE 00 T B S Mendes %0 & IR IKE 55
T ( Penicillium canescens) ;=& WG IR | 18 25 MR | B
R HUR IR AG 0 W AHITSE A IR
YTY Fffwhie =85 f b, 22 T 3 FAHLRR, B 3L
R TR HTR BRI YTY ffid B S5 A MR R %
VI, N 2Dt 5E n] LU AR M FL I YTY A Ak
PRITE B T oI5 A8 rh R A T WIREE 5

4 Hig

AR I L B A2 Ay T2 R e R YTY
NI (P.oxalicum) . 30 keV 2\ 148 I h i i
FLA YTY WM AEAA 4, 7115 & HRS/IRR 27, 2&
AT T 3 MR RURBE AR LR LR VRN YTY
B AY FEAHLER , YTY PR fE 1 5 Hmm ik )1 6 &
FY HELR | LR R 3 A HLIRXT YTY it o1 ik
MFRN, WA Rt — DT . ARS8 45 51 0 flk 0 15 55
M FHOAAE R IR T 2% W5 B w0k 1L
B TF e 7 R T B ARE AN A B bA
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Ion Beam Mutagenesis and Phosphate Solubilizing Mechanism
on PSF YTY Isolated From Rhizospheric Soil

YANG Tianyou">*  TIAN Jing' ZHANG Mingxia' ZHANG Lei'
(! School of Life Science and Technology, Henan Institute of Science and Technology, Xinxiang, Henan 453003 ;
% Henan Collaborative Innovation Center of Modem Biological Breeding, Xinxiang, Henan 453003)

Abstract: To screen efficient Phosphate Solubilizing (PS) fungi and mutants as well as exploring their PS mechanism,
in this article, the fungus YTY with PS ability was isolated from rhizosphere of wheat and cotton. Followed by low energy
ion irradiation basing on optimum irradiational condition, the mutants of YTY with highly efficient PS ability were
acquired. In addition, the PS mechanism of YTY was explored based on organic acids as products. Our results showed
that YTY strain isolated from rhizosphere had a PS capacity of 186. 4 mg+L™", and was identified as Penicillium oxalicum
according to its morphology and ITS amplicon sequencing. Three efficient PS mutants p—1-1, p—1-2 and p—1-3 were
obtained at the best mutagenic dose of 30 keV and 1x10" ions+cm™. The PS ability of three mutants were 291. 8,
264. 6 and 245. 8 mg-L™" for p—1-1, p—1-2 and p—1-3, respectively, which were 56. 88% , 42.26% and 32.15%
higher than that of YTY strain. The concentration of lactic, acetic, and oxalic determined by ion chromatography were
0.0401, 0.0384, and 0.0643 mmol+L™", respectively in YTY medium cultured for five days (pH 2.5). For three
mutants of p—1-1, p—1-2 and p—1-3, the lactic, acetic, oxalic, and total acid contents were 0. 0643, 0. 0484,
0.0945, 0.2072; 0.0927, 0. 0623, 0.0634, 0.2184 and 0. 0523, 0. 0438, 0. 0637, 0. 1598 mmol - L™', respectively,
which were significantly higher than that of YTY (P<0.05). The media pH of mutants (pH 2) were also significantly
lower than that of YTY (P<0.05). It is suggested that YTY solubilized phosphate mainly by producing organic acids,
such as lactic, acetic and oxalic. This study could guide us the breeding of efficient PS mutants by ion beam, build up
a theoretical basis on the detection of the PS mechanism, and provide biological materials for development and
application for PS fungi.

Keywords : Phosphate Solubilizing ( PS) fungi, ion beam, increased radioresistance (IRR), PS mechanism, organic

acids





