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Screening and Identification of Endophytic Fungi
Secreting IAA in Anoectochilus roxburghii and
Optimization of Fermentation Conditions
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(1. College of Chemical Engineering, Huaqiao University, Xiamen 361021, Chinaj;
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Abstract: This study aims to analyze the characteristics of indole acetic acid (IAA) secretion in excellent
strains of ‘Hongxia’ Anoectochilus roxburghii by isolating the endophytic fungi from the roots, stems and
leaves, thus exploring the resources of excellent growth promoting strains. Endophytic fungi of ¢ Hongxia’
Anoectochilus roxburghii that could secret IAA were screened out by culturing, streak plate method and
Salkowski colorimetric method, and then identified by observing morphological characteristics and internal
transcribed spacer (ITS) sequencing. Finally, the optimal conditions of IAA secretion were determined by the
orthogonal test. The results show that the endophytic fungus PJ3 isolated from the stems of ‘Hongxia’ Ano-

ectochilus roxburghii presented the strongest ability to secrete IAA, and the secretion amount was up to
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106.78 pg » mL™'. PJ3 was identified as the Ceratobasidium fungus. The optimal fermentation medium for-
mula and culture conditions of PJ3 were as follows: magnesium sulfate is 0.5 g « L™!, dipotassium hydrogen
phosphate is 1.5 g « L™, potassium dihydrogen phosphate is 1.5 g « ™', glucose is 10. 0 g, yeast extract
powder is 15. 0 g,culture time is 132 h, culture temperature is 28 C, initial pH value is 5, rotation speed is

1

180 r » min ', and the liquid volume (volume fraction) is 28%.

Keywords: Anoectochilus roxburghii ; endophytic fungi; indole acetic acid; culture optimization

428 3% (Anoectochilus roxburghii (Wall,) LindD N 2B LB —FLEEEAMEY) . A
P L RV R A DAL AR T SR A SR TR YL A Y A B ETT 20 L AR
B TR 7 0 B8 RS 25 (A8 A28 UM D 0L [ N 4 4 3 BT R 045 il AS [l ) 28 iy 7=
ity [ B FE G PR b 3807 T2 FUO R PR T R . 4 4 3 DR L R 1) 24 R & R L T 3 5 R % 48

SN AEL T B S R A 4 2 B U R U . 4 A D — R B A L 0 N IR A A T R
ABESR. AARINEE N e RIE S AE SR AL A7 e S 0 2270 s Ak o MERE g (U il A 2 7™ T 2 ) < 452
1 R A A

FELA P9 2R O B G A AR AR R RE DT T R R T AR A A Th i B e
B JLT- 15 BT A AR R A B Berg A8 R BN AR TR L HESE I — SEAE A 9 D R R L i o R
K- I B 5 i e T RRUR M 5 AR 4 FE ). Cipriano 257 78 H B b % B AL A T B A L AR
TP 7= R T Al 25 H S5 ORI 19 3 Rk @ A 7 A I WR-3- 2 R (TAAD H AR K 4w
K B Wy TAA 5 N IRFLY) 0 TAA B[] 520 2 i el om0 A <

FI AT <5 20 PN A ORI A2 TR R 9 W 9T © A I - 2R 1T 2 24 B Y 02 26 B8 AR AR SR8 A BR gl Ak B2 7
PRIEFE S (8] A 2. R IG » 4R S0 472 4l 4 2R 3 fie 28 R 1 8 DU JE 6 22 5538 D). AR SO AR St 45 450 Wl o “ 21
B2 BB AR TAA BE B 19 EUTE PI3 Gl I B 25 27 A b 9 ¥ % 3¢ 6] B X C internal tran-
scribed spacer, ITS) 3% [H Jy 51l 73 My 47 485 - € HOW M AH s L R AR TAA /9 % e 4% 14

1 LBHMB5HIE

1.1 RIEHR
L1.1 #fkRAARE  SZTESMFN 205 R A RN & 2R RO A BRA A 4 4 AR Rl
b . MRS LU S AN SRR AR R G R MR =, T 4 C R
1.1.2 3%&& LBIRIAE R, pH=5. 6~6. 0; Th4 B8 250 B Ig 1% 95 3£ (PDA) ,pH=5. 6 ~6. 0; %
IAABEFREE . L& iR 1 g LB RIASE R E A T 1 Ly MR RARKE 95 55 EHE 20 g, oK BREREE 0.5 g,
ToKBERR A B 1.5 g, oKW — A8 1.5 g HAM 10 g, BB F/KEARZE 1 L,pH=5.6~6.0.
1.2 SEWAHE
1.2.1 AAAWRN BN BELENR . ZE ERAKT Mk 60 min, #1545 N7 0. 5~1.0 cm
INBE A AL EAE 7500 SBE R 1 ming A 120K 4 HHR AR #B 8 min, 25 4 min, it 2 min, ¥ 5 B2
A T5% TR 1 min, i J TG TR K I R 3 WK I FE KB IE AR 1 RCT 45 04 i AR L 25 b/ B 43 3ol 2
FiF PDA B 323 9. F 28 CEIRET IR, F5 AR (25 (0] AR R B U PR i sk A7 Al A By =
1.2.2 w2k CBR(AA) AW 0 i & e A4 0 B ol MR A 7™ TAA 552 . 559
A Ry 28 C LR IREE Ry 180 v« min ' BEFRINAIDN 5~7 d. B 544 W AW T 12 000 r » min” '}
B0 10 min, B 2 mL B3R I A SE R B R R (Salkowski F i), X MR S A BUR R LB W)
A8 3R 3L A Salkowski Hb & VTR A Y8k BA M X B, 25 3 PR S R B 30 min, B €8 AR 200 B M, R
TAA ;28 OB 100k BR P L 7 TAA AT HEAT TAA & 5 e 2 D(530) {8, Rk B I 50 % & 3 AP AT,
AF IR 0.5,1.0,5.0,10.0,15.0,20.0,25.0 pg « LV BTAE Y TAA 250 BE L JF 2t b v ith 28, B
K IAA F R AN

C=CV,/V,.
B C R RE R S FRYR I  pg » mL TG AR HEINZR B AR TAA YR, pg - mL 15V g FE G

http: // www. hdxb. hqu. edu. cn



350 R FF MR AR R B 2022 4F

FEWOBAATR L5V, Sy i SO AR AR mL.

1.2.3 HAABEERAITS o FF 58 0 ¥5 0 K8 CEL B % T A b [ 23
DR A BOR A T R HEA TR 25 M IR BE— 25 TTS 7 91 43 B RLBE AL B 43 BF . AR 4 LR A=
ITS {57 50 i 514 1TS1(5'-AGAGTTTGATCCTGGCTCAGAG-3") il 1TS4 (5'-TCCTCCGCT-
TATTGATATGC-3)M 3% 2 b st B REH A Wy B AR AT B "] 647 00 7. 4 005 7 75375 41 15 NCBI £
Y P7E BLAST [a] P HE S 23 B » 306 3BT Y54 452 o 1 462 5 B bk 48 4% 7% (neighbor-joining method) 4
RGEREM.
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L2.5 BEARAEAARA D) ol ut BOE 00 R ZUREVE Dy B PR A= R R B R R REIR B AR
UL ET 28 C.180 v+ min ' FEFSR 4 &R H)™ TAA BBy BB 3 N H R 2D TEmER
PR 20 3 S 0 AS T i 4 B8 ) L T s ik L 0 L 7 TAA BB W B ARSI L AR A PR

3AEA ;3 AL IR EE b BB AN R R # 1 ELKBEHEESKTH
B URFAEO cpH (EFNHE RS 8, 43 9 I & Tab.1 Orthogonal test factor and level table
H= TAA BB B AR CE 3 D EA. KT A B c D E
1.2.6 EXRKBEZT @EILARKKLLK, ec/g L' on/ge L' /% pH  w/re min”!
e aap oy bre 1 10 10 20 1 140
Wit 5 NE 4 KFIE 2l 5. B 2 =l ™ ) 5 5 s s L60
IAA MR IE. % 1 WERRB B L % S S
1 s pn 230l Ry B IR AT TR Y T B R 4 25 25 “oT7 200
J 5 9 2R (RN R0 s N4 PRI Ay
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PJ3 ;= TAA B8 Jy ik, Ji e Wk IR 31 (106, 78 £4.43) pg »
mL ", i T HA 3 AT k.

2.2 EMEE

2.2.1 WBEERZ PI3HETE PDA EFRE LWMHEES
FOG2E Bt K 2 o . BB 2 AT PIS WAk VA B EN a2 Wik, s 20
0, B 5 206 B R AR B B S RS s O RO T B 2 R BCIR A0 L o AR ERE e B B

K1 RN TAA GEJT AL
Fig. 1 Comparison of IAA secretion ability of

Anoectochilus roxburghii endophytes
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Fig. 2 Colony morphology of strain PJ3 on PDA medium and optical microstructure of strain PJ3

2.2.2 PI3AKITS F% % PISHHK ITS ¥ 15 #1700 R P F14£ 58 GenBank K138 % 5
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KM387384. fid ¥ i FE 48 R 47 BLAST Xt . &5 R FK B . PI3 Btk ITS FEH ¥ 55 Ceratobasidium
sp. AG-V HA7 97. 96 %0 B A L. BEFE B HTAY 20 FhAS [R5 1 & 7 51 . A MEGA 7. 0 ¥y # PJ3 & bk
MRGERBW . WE 3 Frs. NIE 3 BZE L9285 Ttk P13 I MHTEE (Ceratobasidium) W) — 5.

97,pj-3

Ceratobasidium SP.KM387384
Ceratobasidium sp.MK277355
Ceratobasidium sp.KJ495974
Ceratobasidium sp.AF354081
99 ! Ceratobasidium sp.KX468811
Ceratobasidium sp.KU847459

72| Ceratobasidium sp.KX118399
Ceratobasidium sp.JX913823

84 | Ceratobasidium sp.MN106360
Ceratobasidium sp.JF705217

—
0.020

38
25

91 3

Ceratobasidium sp.KU847458

Ceratobasidium sp.MG669582
Ceratobasidium sp.MK793002
Ceratobasidium sp.MF407560

Ceratobasidium sp.HQ270170
Ceratobasidium sp.MH248045

87 — Ceratobasidium sp.DQ102442
Ceratobasidium sp. KF176586
97 || Ceratobasidium sp.MN199626

86 Ceratobasidium sp.MK 792996
Waitea circinata F1755885.1

71

3 FETITS BERJF IR PI3 BAH Wbk Rk B W

Fig. 3 Phylogenetic tree of PJ3 and other related strains based on ITS gene sequence

2.3 IEHEHMRE
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WeBE s A BEFRIT R i & 4 AT PI3 B PR AR B 5 B v, TAA i i vk B 2 LSe35 f e a3 A

ISIA
2

24 h #] 108 h, FEEPL# = TAA;108 h B, PJ3 Bk s TAA 120

BEIRFIR A . N 108, 78 pg  mL ' BlJG ¥ FRAE. B, 100 |

AT L8 ORE ]y 132 . 20T

2.3.2 BRAFOR  AFIBUE R A PIS MM IAA - 2 or

R W 5 B . S T peoon P BINIAA R & T

VR R L RUUR % B 3500 ) i i e e . \ ‘
NI 5 Cad s (o) AT 1 25 i 5 Ay 7 28 0 o H 4 Wb TAA J 0 100 200

BRSO 122, 61 pug o mL s S [ A B S e L "

15 g« L7 f e TAA J BEHR B 25 3% 124. 81 pg » mL~1. B4 RS TAA ¥ Bl 25 15 37 i 8] 28 b

M 5Ce) s (D AT H: 24 & R B B 32 Fy i, =2 TAA i
HRERES TEARMERBEA (P<0.05, NN 10
g LA, Be ik 3] 193. 36 pg * mL !

Fig. 4 Change curve of concentration of

TAA produced by strain with tculture time
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Fig.5 Effects of different carbon sources, nitrogen sources and additions on IAA secretion by PJ3 strain
2.3.3 PI3MMABLMHHE ARIMERE pHE . EKREET.PI3 W IAA fig ST & 6 fF
.6 o R RBUN B0 s IR RESH . B 6 W] B i 28 YL PI3 Bk AN I TAA
B EE T HAG s pH {4 6 B . PI3 R/ TAA B fd  TAA JFE R E R 182,59 pg » mL ' #EIK
B3N 180 r » min B, PJ3 AR W TAA R AE L TAA Bk EE N 181,62 pg » mL .

250 - . 250 - 250 -
200 | b 200 200
N c 5 5
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0 0 0
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Fig. 6 Effect of different fermentation conditions on IAA secretion by PJ3 strain
2.3.4 EZRBRERSH K2 NIEZIKBBITE K 3 HIEZARATIRMZEINT . £ 2 Fpnah
TAA BRI . NZR 2.3 A5 AN R XS PI3 w Ak W TAA B WIF S B>C>D>E> A, I fiK
LA AIB2C2D2E2, it Jy 193,59 pg » mL 7,
# 2 ERAEBOTE
Tab. 2 Orthogonal design table

=t
do

A B C D E  oma/pgemL7'| 45 A B C D E  pmaa/pg s mL™!
1 1 1 1 1 1 88.093 9 3 1 3 4 2 111.652
2 1 2 2 2 2 193. 594 10 3 2 4 3 1 144.526
3 1 3 3 3 3 126. 691 11 3 3 1 2 4 126. 691
4 1 4 4 4 4 160. 703 12 3 4 2 1 3 181. 287
5 2 1 2 3 4 119. 824 13 4 1 4 2 3 109. 251
6 2 2 1 4 3 61.184 14 4 2 3 1 4 181. 654
7 2 3 4 1 2 126. 691 15 4 3 2 4 1 126. 691
8 2 4 3 2 1 164. 983 16 4 4 1 3 2 144.505

3 IEAIR I 2 R 2 4
Tab. 3 Range analysis of orthogonal test results
ErRs A B C D E ETRE A B C D E
K1 142.270 107.205 105.118 144.431 131.073 | K4 140.525 162.870 135.293 115.058 147.218

K2 118.171 145.239 155.349 148.630 144.111 | R1 24.100  55.665  50.231  33.572  27.615
K3 141.039 126.691 146.245 133.886 119.603

TAA P27 20 s B, 36 4 FR . N3 4 af 1. B [ E X PI3 B Rk 70 i TAA 320 W 3 5 T
Hfl LA Z. AT B4l A AIB2C2D2E2, B 1 L & 2 5E F2 3L vp & 8 25 0% 10. 0 g [ R4
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15.0 g it CRFRAM B0 o 2804 . W10k pH (H D 5. 4% JK¥E 3 180 1+ min '
F 4 TAAERTTE
Tab. 4 TAA yield analysis of variance

> -5 H i ¥ F i P 1y

il 56 558. 294a 15. 000 3 770.553 28.623 0
A 4 825.008 3. 000 1 608.336 12. 209 0
B 20 665. 953 3. 000 6 888.651 52.293 0
C 17 190. 487 3. 000 5 730. 162 43. 498 0
D 8 071. 839 3. 000 2 690. 613 20. 425 0
E 5 805. 006 3. 000 1 935.002 14. 689 0

iR 4 215. 443 32.000 131.733

A 942 083. 056 48. 000

3 iFig

FL) P9 2 R R 2 22 R PR BRI 1 ) B R 25 RN 2R 2R L DA SR A )R A A T R
KT R N AR R 2 B AR B WE ST FE A R A S AR S SR AL AN W o o B b R N AR
BT A A B TU-F- Jo 85 - 38 0 AR W 4 R A it I o AR R E AR 0 AR N T AT AR DG T Rg L, BRI AR TR
R SE A 0 A K T A

ST 2 — RIS 5 Rl AE 222008 I AR C R 2 AR AR B (OMEF) L X T Fb 1 & F4E 45 2 461 B
SRR RE B e B i, Zhang 28 e W Ceratobasidium sp. AR2 %k Fl BT 4F 4 2k 3 20 55 55 {2
TAELEAR IR T RIS YRR R R ETETRE DT MR R 7 TAA AR B A A, A
WF5E 4 03 i b © 208 B BRAE AR 9 22 b 73 B B 1 pk N A L PI3L &8 TTS 7 41 S kAL B 3 58 5 T
W Ceratobasidium. Pt HE I 12 TR B BE A% £ 1F 46 20 3 Pl * 20827 I 2R 4G A I Jh B 7™ TAA 1R e
B, ok 106. 78 pg e mL .

IR ZWEGE R I A A AR A T R I8 4% A0 AT DAAR o T 22 0K AR K R VTAA 77 i R AR RICRYY . B R
SEHI AN AR 5] A g IE A R AR R R W TR AR TAA [ 32 B 3, Shokeri %504k AU 2 T
B TAA M EZR R JF H Y KNO, AR N TAA 7255 8. A0 P13 77 TAA R E N EEH
AR AR AR AT PR PR 2R R0 R T S8 B g % R I R A HEAT LA L B8 T TR R R D0 O IR 2R A D R
10.0 g« L' (EEREEM 15.0 g« L1 eyl (R B0 Ol 28 %0 . 90l pH (ER 5. 82 IR 563k 180 r
min~ LR 4E R R AL AT TAA PR E T 81.30%. eAh, EE 0 PI3 B kK TAA BN & N &
i A B SO Y BT R AR T —E AR

S E 3k
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