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Screening of liquid fermentation media of an endophytic fungus NS2-B1
isolated from Ophiocordyceps sinensis™
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Alsi#a Based on nucleosides as the target produces, the suitable liquid media for fermenting an endophytic fungus NS2-Bl1
isolated from Ophiocordyceps sinensis was investigated to produce active ingredients which were similar to O. sinensis.
Two optimum carbon sources and two optimum nitrogen sources were selected from five carbon sources (including sucrose,
fructose, glucose, maltose and starch) and five nitrogen sources (including urea, beef extract, yeast extractand peptone) by one-
factor-at-a-time experiments. The suitable culture medium for producing the nucleosides was studied by orthogonal test. Table
L9(3*) was used to test four factors with three levels. The nucleosides (uridine, guanosine, adenosine, cordycepin) of O. sinensis
metabolites in the mycelial fermentation broth were determined by HPLC. The results showed that the suitable liquid medium
for the endophytic fungus isolated from O. sinensis consisted of 2% maltose, 1.5% starch, 1.5% yeast extract, 1% peptone, plus
to 0.8 g/L KH,PO, and 0.8 g/LL MgSO,-7H,0. The yield of the nucleosides in the mycelial fermentation broth reached to 92.62 +
4.19 pg/mL under the conditions of 25 °C and 210 r/min for 5 days. Therefore, the endophytic fungus NS2-BI had the potential
to replace the Ophiocordyceps sinensis in producing nucleosides.

[&@mjﬁb Ophiocordyceps sinensis; endophytic fungus; liquid media; orthogonal test; metabolites
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ISR IR, AN — 358 b i AR W A I Y 4k
AR S R A SRS, A R e A A SR AR i
B, BT LRI I 254 5 R R AT A I
HUM, J5 ok INEL A2 B R v 4325 S0 G 9 A LI ] 7= A 5642
FE BT R, AT A R R P A B T D
A 55 IR AR A% A T ORE [) b AR AL I Ak 2 B 43 9 B A AR R 9 24
FRAE ™ X A EL 4 HRT A R ERE AR, B “FER GRS
BN D A A B Y L L o T YN e S 2 KA B = M e R
SLfm] A, WRE S A AR DR st 1 58 48 ml R B i) B 4 A%
i, PN A T EL A A R AR A ks 2 R
AR A AR i A v A W A 22 i A8 1) 7 SR i fb & B — 8t
LY/ 05 TRT NG| B A R NG RN O O N P R P u i =Y (o SR S i B A £
1 B At A=y b Je, AE T SR AR TPOR RS e A R Tk AR
TR P A s e Ik, A E RN A AR
= TR (18 R TGP TN T e T s R R Sk A6 U B R T 5
PO S R N A R BT P A Y 2 P R At A R
JRUAE AL B o Z2 B0y AR ELTE , (HE RRIE 58 AR A AR 3
FEYIFE YA A Hirsutella sinensis . Paecilomyces hepialid. P.
sinesis. Metarhizium anisopliae ™53 T Fh. T &M B H I
PRI AR B R SR IR R A R 2, IO M TR R
Ar Al N TRk A U AR DT, G A R TR T B AE R
SR A6 L B R 56 2 R 43 % 2 A R 24 FH A A 0 R TR
AR A Hu S BRI o B LA G B S AR SR — AR
I DA R BR 2% v BT R A3 B 1 ik D TR iR BT NS2-BII & I B
FEIEAATOAR IR L, DLEAZ I 2™ i oh i e A, LA
HE N7 NS2-BIY fic i & WA

I RPERES 7]

1.1 SEIg##

L1l B#RRIE NE B RINS2-B14Y 5 [ RAR A& L B i,
P T 38 3 K2 A b 5 A W 2 B AL ) A ) B R 5 TP
YeE . R TR IS JE TR BENS2-BIE 7% | B Z IWIE 52
KRR, 455 4% BEIRKDNA L /) N % 5% 8] B [X. (Internal
transcribed spacer, ITS) , #fi & 1% ¥k 5 Fusarium torulosumfy)
RGN R AT, VIS R R Fusarium sp. (CEUHE R &
*).

1.1.2 i 7 R AR I A A U bR R A TR A
Al B RAY . R RRAE T A R R T AR R e
PR SF]; B (i al, S5E Fisher) | B4k, A SEAE.
TIPS 2 00E . WER . IRE . MR FRE . R N
W S SR 25 ) B L BT T A AR B B R A R AR, 40
AT A ).

1.13 EZEHE (1) [E1APDA ( Potato Dextrose Agar) }; 53
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e, HAINE20 g, 27 + 75200 g (7)) L BAR18 g, B 4liK
SEZY A1 000 mL, 432, 121 °C i i #4 K 20 min/5 45 .
(2) WAARPDAYE 373, TLIIRMA.
1.1.4 % 2§ THZ-CHi il B & (LR R G586 15 4
J7), Centrifuge 5810RES.LHL (1 [E Eppendor /Al ) , 30K
{03 (High Performance Liquid Chromatography, HPLC) {¥
(HAHITACHIAF]) .
1.2 RAE
1.2.1 B££EEs TCR AT PR ECR T A B AP NS2-BI R
2254 R -PDAY- S R4 [, 25 CHIE RS dJE, B
A B A K R A E JC T A 1 R RN T em® K/NTA
FENS2-BIF P AE TR BB, #2212 50 mLi250 mLEIE
JH. 7E210 r/min, 25 CIEEAR KT E HH5 75 d.
122 Wl % R VR TP ) TR 244438 3 5 000 1/min 0210
min, FWE K SCHE T 22 45K 43 Je R B RDA T 22 78 .
123 EFEBRFESRENFIE  DURIAPDAN AR I
B N s 11| vy /3 W = B 1 DSl = By s = 1 O 4
TE AR, 430 e REME . SRE . R . A JE R ki
(&1 2 e VR 22 28, SRS S PR 2R L fE R B L AR
B R L AR IR AT R B R R, 4 B X B 22 A KW
R, DUT 2210 8 DL SOR B h B 1 2R Y a4 ST, R
L MRAF LA S R A7 B R I, R A AR R R R U
124 EXABRAHKESHREAS (1) IEAS IS i
T e I Lo (3% 15 52358 56 07 5 2 A Wik V5t A0 20 D68 4L e 1 e 1 3%
FrEEE, HRUFURT B V43 590 7 FH 1.2 307 2 174) i V52 R 00 45 SR
TEAS S I FKSPUNZ£1, R3S S 90 i 2. A
fEHEE A, B k4R R AN, 55375 1 A KH,PO,

F1 B BB FUIR 05 2 IE X I M E R FKE (%, m/V)
Table 1 Factors and levels of the orthogonal test for selecting different
carbon and nitrogen sources (%, m/V)

[X % Factor

Ii{:j; ik i Carbon source A i Nitrogen source
A B C D
1 1 0.5 0.5 0.5
2 1.5 1 1 1
3 2 1.5 1.5 1.5

R2 ARAMRBEMEIEFELGHELZ LB E L&t
Table 2 Design of Ly(3*) table head for selecting different carbon and
nitrogen sources

24 5] ik Jil Carbon source ZUJF Nitrogen source

Group A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

ZH )R J7 BB e R 1E 28 S BTN R A YR R AR 2 55 RIS A
TR 7 B AR B3 R I KF-

The numbers below the group indicate the combination of different carbon
and nitrogen sources in the orthogonal experiment; The numbers below the
carbon and nitrogen sources represent three different levels.
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(2) A= AR S A 45 JEIE SIS e & Rl &
BT RG FR 42 1.2 19 5 kR SR W AINS2-BI, K450,
KBERWAES C. 5 000 /ming&F T B0 min, BCER. 5
DLIEFE-80 CUKAITIR B3 n, HEIA Ly, Bk
D2 A B LR . EIIZ0.22 pmPER T 85 4 .

(3) HPLCHz PN A% ¥ 28 W5t . AR 5 P i RECRUA €835 15
£ 19 BT Y MC-Pack Pro C18 (250 mm x 4.6 mm 1.D.S-5
pm.12 nm) H. @RELA FLsh A IR (V/V = 1585) , Ji
#0.8 mL/min; #IE K735 °C5 ZRAMGA I8 46 Ik K 4260
nm; PERER10 uL; SRAEMFE20 min P RIS R R
Ko HURCZE bR E AR i AT R BE TR A 5 ZeHPLC AU
MRG0 235 SR 22 Wl b I £ . 2 BT AT AR 43 B A
DIBRIE 28 R SL ik, 3 5 HPLCR S A 1731
1.2.5 ¥iEarmE SCHECE Y R R — S ER3R E A Y
SEIAE. % HSPSS19.04% 44 (International Business Machines
Corporation) #4775 H Z /0 Hr. S5 ECE LT IIME « Arifi 7y 25
FoR, P<0.0SINAZER A5 L.

RSN
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38 35 AN [ Bl i 5 RUUR B SR L B T 22 7 i E AT S0 ), B
Ve FRNS2-BIAY Fe il iV . . 253 L B, & DL A GAE
W EIR, TEM R R AEBRIE, 50 mL& B P 2418 1Y
nrikF] (6.41 +£0.03) g, w3 5= T HARIE (P <0.05) (K1) ;

(A) 8007
’\QJ a
£ 6.001
= b
R
© [4
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=" ¢ d
§ 2.004
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REME  RME O AUAEE RIS TEm
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JRE MR FRE BERE EAN
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Fig. 1 Effects of different carbon sources (A) and nitrogen sources (B) on
mycelial biomass of NS2-B1.
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ZEFRRZ, TERE . SUBE R ATRETE IR, A DA SRR T
WRIE, BEREE N A AR, 50 mLA B2 P i 22 18 F 2] 3k
F](977+0.37) g, WE R T HAAIEIM (P<0.05) (E1);
EAFRSERBRZ, MRESRETRR. 25 1, Frhihik
A BRI A BAY Tl R 22 2E BEFNTE RS, PRk i ZIRC . Doy 3
BEF R A .
22 B HPLCNE RENERIZERYR S EMHE
i 3 HPLCXNS2-BUA BEWR PR 1T . S 1F . i FI R B
AFPAZ AT 2E 2 T o0 ARG, ST A 2 (R12) . 45
SR, &R AZ 25 W) S HPL C A I 3 57 A9 b o 1l 2 £ 4 ¢
AR (F3), BEIIHPLCA AR R A8 | HEws, Fnifidh Zen]
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+ 1.46) pg/mL, fx i il ik (92.62 +£4.19) pg/mL.
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Fig. 2 HPLC profile of four nucleosides metabolites from NS2-B1
fermentation broth. (A) The mixed stand samples of four nucleosides
metabolites; (B) HPLC profil of four nucleosides metabolites in NS2-Bl
fermentation broth. (D Uridine; @ Guanosine; 3 Adenosine; @ Cordycepin.
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R3 BHNS2-BIABRAZELERGEFYEE

Table 3 Nucleosides metabolites contents in NS2-B1 fermentation broth

21 5 JRH Uridine 94 Guanosine J#4F Adenosine iR 2K Cordycepin BT Nucleoside

Group (p/pg mL™) (p/ug mL™) (p/pg mL™) (plug mL™) (p/pg mL™)
1 2.39+1.07f 1.86 £ 0.08g 1.67 £ 0.24f 2.41 £ 033f 8.32 + 1.46f
2 17.92 £ 0.62b 27.89 +3.73¢ 12.17 £ 191¢c 11.25 £ 0.85¢ 69.24 £4.17c
3 26.51 £ 1.47a 20.98 + 1.66d 20.08 + 1.09a 23.68 £1.27a 91.24 + 1.73a
4 15.17 £ 0.08¢ 35.21 £2.93b 15.02 + 3.60b 15.21 £1.25b 80.61 +3.01b
5 19.06 +2.01b 26.52 £0.35¢ 14.40 + 1.58b 16.33 + 1.42b 76.31 £3.56b
6 2.94 +0.44f 3.13 +£0.32fg 2.91 +£0.23f 3.64 + 1.03ef 12.62 + 1.42f
7 8.68 +0.70d 46.23 +4.21a 21.70 + 0.88a 16.00 + 1.06b 92.62 +£4.19a
8 4.81 £0.31e 577 +0.20f 492 +0.2le 4.42 +0.28de 19.92 + 0.57¢
9 3.14 + 0.63f 12.08 £0.07¢ 7.83 £0.08d 5.65+0.45d 28.70 +£0.82d

3 7R AN R 1E 32 296 BT AN R IR 1 2 s B R P08 = bRl T 2. TR 9B J5 R R TR 36 s BoA il 35 PR 22 57 (P < 0.05) .

The combination of different carbon and nitrogen sources in different orthogonal experiments; The data was mean + standard deviation. The different letters in

the same column indicate significant differences (P < 0.05).

£, (2) IEHRZEREIKFE T HEIEREACE R (F4) , %
FTHEA, BT TRENBESE, ARBRETNRHFER, HR
CHIDE FFHias. K E R, A, B, C,. DA —HE
3K T (R4), BEF SRR, ik abra REm,
FARNS2-BL™ % 1 i e 1 55 55 5L 10 5 M ALB,C,D;, HI
TERELS% ., TEHR0.5%., BEEEE1.5% ., B HF1.5% . KH,PO,0.8
g/L. MgSO,-7H,0 0.8 g/L.

F4 EABMBEMRBEIFIEMLG)LBRER
Table 4 The L,(3*) trial results for selecting different carbon and
nitrogen sources

I iass
ExpeirtiZer;t No. A B ¢ D
K, 168.80 181.55 40.86 113.33
K, 169.54 165.47 178.55 174.48
K, 141.24 132.56 260.17 191.77
K, 56.27 60.52 13.62 37.78
K, 56.51 55.12 59.52 58.16
K, 47.08 44.19 86.72 63.92
Ky 9.43 16.33 73.10 26.14

8 WSS

A E R REPEE SN M, P& EFE N
AT BERY, A AN R Y, & H R (Ophiocord-
yeeps sinensis) L&A — AP, 4 R B R B
BN A S R RS2 7 A A S e s B R U E T NP A S =B B LD
U5 T B TE 25 R T AL & 0 LA S V0 60 b A S R T
AAEZENE L. REHETENSNFRE T R0 50 2 5w
AR, SR EBTCE BN 2 0 LR R R F & e TR A
A I B O 2 A . A I o P G G S DT TR R L
NS2-BUA B R B4 B 2 R P A2 FE i T T s e mT LU= A= 5
SO RO RN AT R, H S fb i Rt s, B
WY = m i A 3] (92.62 + 4.19) pg/mL, HART &
7 (2170 +0.88) pg/mL (£ 1) , it i T (RN RILHE
4L (201550) x4 HUR R IR £ (0.010%) FYREAE
F UG T T EC TR A T8 D IE R i o A4 R R AR . RS
RSN R B o iU b N R a DN e S 2 ¢ e
26 B Rl H IO MR AR A AR 0 = R BR A e R 2 R R R I
H A AE I 8 S0 3 %o w2 7= 5 2R AT R A DOk, Y
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6.00E+061 ——JR 1} Uridine

—&— %1} Guanosine
5.00E+069 —A— [l 1> Adenosine
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4.00E+06+

3.00E+06+

2.00E+06+

14161 Peak area (4/mm

1.00E+06

0.00E+00 T T T T ]
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e[ Concentrations (p/ug mL™")

B3 RE. BH. BE. REZHPLCR MR AR L. TR H by .
Y =20497X-17816, R* = 0.9995; L4 by Jy#2: ¥ = 19870X-35245, R® =
0.9992; JRAFFRUE T FE: ¥ = 26607X-57794, R* = 0.9993; T FEbRifk Jr
. Y=21686X-49361, R*=0.9994.

Fig. 3 Standard curves of uridine, guanosine, adenosine and cordycepin
detected by HPLC. The standard equation of uridine: ¥ = 20497X-17816, R*
=0.9995; The standard equation of guanosine: ¥ = 19870X-35245, R*=10.9992;
The standard equation of adenosine: Y = 26607X-57794, R = 0.9993; The

standard equation of cordycepin: ¥ = 21686X-49361, R* = 0.9994.
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Fig. 4 Changes of mean values of factors at different levels in orthogonality
experiment for selecting different carbon and nitrogen sources.
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(CoH;3NsO,) —Ff ki 4348 3 e H o 4 i Z R o i i A
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P RFE . BF . R BEER) M hRE S A TR
B Rl . FTHPLCK 2545 43 B 4 B 5 P AR B b 09 308 P
5%, AR FTHPLCHE 37 4 dU B Rk 2 4 LU RS iE 4T T4 25 10
Seqik, Sy A% R 5 DT S R0 T A v Y S B —
MR SEAEHT.
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Y AL P R K P W — AR, kb E
o 7 it 3 A TR AR R AR ) AR s A T B R R R A I
G TR E AR ST R, X 477 i 15 325
M 58 A 122, A 3 R A 5 3R IR T A, 6250 A A0 i AR K A
P 1 43 W i 5 B JC 2, JT 42 (L 40 M 2R 4 5 RN 4 5
M ) I T B e . AT e RIS R R S, DA
LR B AP PR, 4 DA ST BRI R S LR b O 0 T X
AT 22 R 2B Wy 5 i 858 KT 2 e VR R 2R 5008, SR S BE R A
Xt X T 22 A 0 T A K Y 2 i R 2 SRR AR Lo 3R AT
IEAE IR i, PAK BB e A A% 1 280 M B o B R A
i 2 L AE X 3 T A R AR R R AR R R
B 35 75 35k 5 ORI R FH A 22 R 2B B o R P 1 R Ok 3
PRER TR EL Y Oy e, X 0 B R R W I iR AR S R e B
JZ S M AE. AU X 8 AE B FR i R I 5 AR 0
A e SRR AIE AT T IR G, O A Y e LR TS BT A BR S
M) 22 IR L DR R B I A 5 4, N5 3R B A W0 1 pHAA L TR B2
VA TR R AR A R — R R AR A B
TR TR AR NS2-BI7= A A% 28 W) Bt 1) 355 33 1 5 2 1l Ay 22 2
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