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Abstract: This study aims to explore the diversity of cultivable endophytic bacteria in the seeds
of Macaranga indica and explore endophyte resources related to nervonic acid biosynthesis.
Different medium were used to culture the seed tissue and seed oil of Macaranga indica . Endophyte
were identified using 16S rRNA and ITS amplicon sequencing respectively. And a phylogenetic tree
was constructed to determine the speceis of each endophytic fungi. Fatty acid composition of each
endophytic fungi were detected. Furtherly erucic acid was added as a substrate in the medium and
the fatty acid composition after cultivation was detected . A total of 151 bacterial strains ,belonging
to 16 genera and 26 species, and a total of 173 fungi, belonging to 27 genera and 47 species, were
isolated in this study . No nervinic acid was detected in all endophytic fungi but erucidic acid was
detected in five endophytic fungus. The fatty acid composition of endophytic fungi is mainly
composed of palmitic acid, oleic acid, and linoleic acid . When cultivated in medium with erucidic
acid as substrate the endophytic fungi MOF171 (4spergillus candidus) strain contained 1.32% of
nervonic acid. The results of this study indicated that the seeds of Macaranga indica are riching in
endophytic fungi, which may play a role in promoting the accumulation of nervonic acid in
Macaranga indica seeds. Moreover more fungus were enriched in the oil from the seed kernel. The
research results provide data support for the development and utilization of endophyte resources in
Macaranga indica seeds, and also provide new research directions for the screening of nervonic

acid synthesis related microorganisms and methods for producing nervonic acid.
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Table 1 The types of culture media used for the isolation of endophytic bacteria

fRTAR 4 B
10T JoiEE A R K S B AR
assi Tk B [ G s 77 2
TSA 7 4 =) YNSRI
YMB Yeast Estract Mannitol Broth
GAM AR AT TR IR
SR IRATHE IR
GYEA 25T IR B SR B B I 1 7
ISP2 ISP K973 2
ISP3 ISP #5954k 3 (FEERFFREL)
ISP5 ISP ¥ 774t 5
ISP6 ISP #5370 6
PDA* LR WA+ AER
PDA T SR 5 i B P AL I
CDA" Czapek Dox Broth Medium+#i4: & bR
CDA Czapek Dox Broth Medium

2.3.2 DNA IS %

I 10 pL A SRR IR AT WK/ N BT L TR AR, A 50 pnLTAKARA Zf#E ) PCR &
H, TN PCRAX 80°CELAR 15 min, ZAMR1T B Ve I DNAKHIRY), LAFTS IR S 9 Rims,
DS I S 16S RNA () VI-V5 X & 3 17 § 8 , 5 % N 27F5-
AGAGTTTGATCCTGGCTCAG-3"/1492R: 5-CGGTTACCTTGTTACGACTT-3', ¥ ¥ A
94 °CTHAZ M 3 min, 94°CAEME 30's, 55°CiB/K 1 min, 72°CIEA# 1 min, 35 {K{EH, 72°CHE
i 7 min, 4°Cff /7 . X H B 1 ITS X # 47 ¥ # , 51 %~ ITSIF: 5-
CTTGGTCATTTAGAGGAAGTAA-3"/ ITS2R: 5'-GCTGCGTTCTTCATCGATGC-3'. # $4F2E /7
94°CTHAL M 4 min, 94°C7EHE 40 s, 55°CIB/K 30's, 72°CHEAH 1 min, 35 WKAGHE, 72°CHLEfH

10 min, 4°C{RAF.

PCR ¥ 34 7=W e A A IR A m 347 — A7, 745 R4 BioEdit (7.0.9) #AFA
TEWEREESZEANFTHE ), Bl NCBI MG BLASTN Eext, #f e Ay fh
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R 22PN 5F 50 mL PDB AR R IR = M, T 30°C. 200 t/min 264+ T
HRFEFRSE, DN 300 uL U T My Ry (DY T Myl 5 A BEARRA L 1:5) 110 pl 7RI

(0.5 mol/L JFIR WA, 4hEERiaR 4 K. KiaRahima, WUERA, SESAETHRER

4% H o
2.3.4 gAY

HUF B 7R 50 mg T 10 mL A7 RRSCEEVE A, N 2 mL 19 2% B H s 85°C/KIM
NI s VR AJE NN 2 mL H 0.9%SFALBAVEM: A 4 mL IECHE, AiESR 30s, 3000 r/min
B0 5 min, ¥ LEEHRE, EPUEHPIAN 4 mL Bk, EREE. A3 EET
WEF, BTERRMRT. BEMA L5mL ESk, #A LSmL 3R, SR i
THEF PSR il AT .
3 ERE5NR
3.1 FFELMAMNTHERSHER

AL X A M A G TR AT IR, R R SRR BT A K L R RO
GYEA. ISP2. TSA #1 ISP6 VUFss 7t & LR MM AEELD, BREMEERA 1~20 M
[, YMB. GAM. ISP5. ISP3 il assi ‘& &4 [¥14£ 100~3 360 M EivE, WiFk 2 fin

R2 TEBFEREER

Table 2 Colony count on different culture media

P S SIS XT-1 XT-2 XT-3
GYEA 7 9 1
ISP2 10 10 1
TSA 11 18 7
10T 992 15 1911
B AR ISP6 10 17 1
0 YMB 451 928 2729
GAM 751 940 2182
ISP5 1394 2553 3360
assi 172 408 1995
ISP3 1220 1 605 3290

E: XT-1. XY-2 1 XT3 N=AEERENHS .

N T4 52 B RE A BB ZE ) o AR, BRATIE I IR AT . ARG SR AR =Fh )
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N, TERFMATEE (Bacillus) FERE, ZBMEILIEL 32 #k, kN
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A B C Ad] hmmub ctor
Stenotrophomonas
Bruced/a
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Bacfmcsra Ne c" elia Hansfwdm
Phi
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S 8 Mugor
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1
Talaromyces
= Arcopilus
Achremobacter 1 Dailinia
! 2
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A: Kernel spread plate method, B: Seed Organization culture, C: seeds oil culture. The circular shape represents
the phylum of bacteria, the hexagonal shape represents the phylum of fungi.
B 1 ENEmMiRMFEERES B AR E %
Figure 1 Microbial composition of endophytic bacteria and fungi under different treatments
KA 23 BT R B L AL T v Iy R AT R R GAK IG5 K S
LB, P B EE T, MraEsRrE R IL 167 #k, MHLUh S 6 #k, T
PR R R NS G B AR (B D, FHEBEMM ALK 5N 33.33%,
Hofth FU B8 J@ 2E R R I A A LA B I 0,  LENA 16.67% (B 2A). 1EFTith
BHRMAESY, HHEBMEREEALABERE, 200h 26.35%M 23.35%. HKGZHIIHIE
(Fusarium) FUEBEE, S5 7.78%H 8.38% (K 2B). TEA Tl A K I H I H



B2 FMCERRES (AR TSR (B) REYFER

Figure 2 Fungal composition of cut-kernel culturing (A) and seeds oil culture (B)
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Table 3 Fatty acid detection of fungal species

e X T RS 5
Aspergillus fumigatus MT635279.1 MiF101
Aspergillus niger MT541880.1 MOF26
Penicillium sclerotiorum MT582789.1 MOF140
Penicillium citrinum MN788117.1 MOF45
Penicillium coprophilum MT410465.1 MOF131
Penicillium fuscoglaucum NR163669.1 MOF124
Penicillium janthinellum KX090302.1 MOF116
Aspergillus candidus NR135429.2 MOF171

32 AAEREE AN

A I X B R BT HEAT AR TR A R X e LB B R A M AR IR, JF
HEBER VIR KD A EEUARER (Cl16:0). JHER (C18:1) FMHER (C18:22) M,
HABSRT R S & BBAG, JFHAERRAMNEET RS EAER (R 4. HhREEEE A
ARG EE, HIERIRRAR D E & 2 AEMEITRIY. MOF26. MiF101 45 54
JEWR B MR G BRI AR B C22:1, (HE SRR, JE8u@idha C22:1 B R T
T BB TTIR J5 S B B 0K S
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Table 4 Composition and relative content of fungal fatty acids

e &8 (%)

R MOF45 MOF131 MOF140 MOF116 MOF171 MiF101 MOF26 MOF 124
T-PULERR C14:0 0.28+0.02 0.33+0.00 0.24+0.09 0.39+0.00 0.37+0.00 0.33+0.04 0.260.01 0.29+0.01
T FH AR C15:0 0.35+0.05 0.010.00 0.40+0.19 0.54+0.01 0.67+0.02 0.23+0.03 1.27+0.01 0.020.00

ERAEER C16:0 18.44+0.49 30.98+0.17 17.30+3.14 33.87£0.10 28.94+1.41 13.50+10.98 18.47+0.14 30.75+3.69
filiJl5E C18:0 - 4.69+0.04 5.25+0.20 6.24+0.05 2.73+0.40 7.57+£0.99 3.82+0.03 8.22+2.27
iR C18:1 48.3143.73 29.13+0.25 38.68+4.98 37.95+0.32 11.99+2.64 56.93+7.54 32.62+0.25 18.15+0.43
TR C18:2 30.32+4.09 30.9240.15 33.92+8.35 18.440.11 51.59+1.28 18.81+2.45 39.76+0.29 29.88+5.16
TEJRRIR C18:3 0.34+0.19 0.22+0.02 0.71+0.33 - 0.02+0.04 0.15+0.03 0.85+0.01 2.32+0.37
AR C20:0 0.55+0.06 0.79+0.36 0.57£0.11 0.47+0.01 0.02:+0.04 0.49+0.27 0.36+0.01 -
Z—kiiR C21:0 0.21+0.03 0.39+0.01 0.29+0.07 0.72+0.54 0.75+0.16 0.07+0.04 0.11+0.07 -
W 7R C22:0 0.45+0.03 - 0.3120.10 0.44+0.00 0.29+£0.32 0.54+0.08 0.32+0.14 0.87+0.06
IriR C22:1 - 1.1440.02 0.76+0.52 0.05+0.01 0.13+0.11 - 0.59+0.67 -

- DUkERR C24:0 0.9240.07 - 1.13+0.25 0.68+0.02 2.00+0.48 1.0840.10 1.27+0.02 8.03+0.92




3.3 MOFI171 7 vAF) f 38R & s AP 2

N TG M AR AR, AR R IMITER (Erucic Acid) BV RS 77 %
(PDB) H:FRHLE G ARG & & . AR K MOF171 MR & A MENK, JH
A 132%MH) C24:1 774 (K 3). AR Ao A2 3%, H 2 7 DAL R O &=
(66.58%) . SxFHEAIA L, Fo 4 DU ke R 21 IR R 2 1) (R 41 40 % B 6 35 PR AR, BRI
(C18:3). LR AR & B EE T m.

E: BRI AMEARHEZE RO, n=3, **F&IR P<0.01.
EA is erucic acid. The data is presented as mean + standard deviation, * represents P<0.05, **represents

P<0.01.
E 3 MOF171 BERERA 4
Figure 3 The MOF171 fatty acid composition
Nt IAE MOF171 i 5 A MR, # MOF171E S H IR (C22:1) HIRF%
BTN 4 K, 81T GC-MS Kl AR o lE (C24:1) (K 4). LLEZIREKY],
MOF171 J& /= AR I FLAE B, HAR Y PT B A AL TT R Bk 42 R 1) G B T AR I o

4 MOF171 #1428 GC-MS BFRE

Figure 4 MOF171 Neuronal acid GC-MS relative intensity diagram
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ANIXEE ELR IR 2Rt Cle Al C18 PSRRI ERLEL A, 1T H & IR Wi BR oy & UK, A
C15:0. C17:0. C20:0 £, H §i #i & B & Jl Al ¢ 10 3 B & T 3 R B, 91 Gn 7E 3 B
Mortierella capitata ', FHAREIA R 2 NAMML SRR 6.94%; (EMARR S =H =5
S S b th BAT BRI P= M 2 BRI B Penicillium olsonii P22, fEBIIEE S, Wtk
MOF171 (Aspergillus candidus) Kl 3| — & SEHFTEL, (HAKI BIPhARE, 7L IR
TENRY G R FRREF= AWM ARR, T HITRR S &AM, BV A F b p I R & &8,
HE MOF171 BeFIHITERIE MR G A AR, (Heh iR & & HBUR, HAH IR A o
LB FHHIFIR AR S &0 TREE TP I MR AR
RYEEZMER, EYNERESHEDAKRE R DI, @l NERmMEY, FIREY
N AE LT R B i R TR i LR ORI s 13- 240,
5 &g

AR BB 151 4k, E T 16 M&, 265 HEIL 1730k, 2R T 2718,
47 Fho HA M EAEMEcE SIE RS, AR ESEMEREE RN E. B RN,
TR, B2 RMEYER Tl s 5. RIS EL T Pl i 7S i 22 R & R A4
VIR IT R 5, MOF171 (Aspergillus candidus) 115 i BRAS U 25 5 v Fig 17 B 5 o0 ) A2 e R
BF, HHA 1.32%KMEm 4.
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