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Identification and Fermentation Optimization of
Two Endophytic Fungi from Rhodiola angusta
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Abstract: Two endophytic fungi,Ra-R-32 and ZPRa-S-2 ,from Rhodiola angusta were isolated and identified. Their fer-
mentation conditions and antioxidant activity were optimized and evaluated, respectively. Fungal identification methods
were based on morphological observation and their ITS ribosomal DNA sequences. Orthogonal test was applied to opti-
mize the fermentation conditions based on scavenging DPPH - activity. In addition, the antioxidant activities were sub-
jected to DPPH radical scavenging, hydroxyl radical scavenging, Fe’* chelating, superoxide radical scavenging and ni-
tride clearing assays. The results showed that Ra-R-32 and ZPRa-S-2 belonged to Hypocrea longipilosa and Aspergillus
sydowii ,respectively. The optimal fermentation conditions for Ra-R-32 were as follows: glucose 35 g/L, peptone 3 ¢g/L,
initial pH at 8.0, the loading volume was 100 mL in 250 mL flask ,and culture temperature was 35 °C. The optimal fer-
mentation conditions for ZPRa-S-2 were as follows : sucrose 35 g/L., beef extract 3 g/L.,initial pH at 6. 0, the loading vol-
ume was 150 mL in 250 mL flask,and culture temperature was 30 °C ,and the optimal fermentation time for both fungi
were 10 d. Both fungi exhibited excellent scavenging capacities against DPPH , hydroxyl radical and superoxide anion.
The ECs, values of Ra-R-32 were 4.72,7.50 and 1. 60 mg/mL;and the ECy, values of ZPRa-S-2 were 2. 88,8.99 and
4.12 mg/mL,respectively. The results showed that two endophytic fungi from R. angusta have remarkable antioxidant ca-
pacity.
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Table 1 Factors and levels of L, (4°) test
H % 7K Levels
Factors 1 2 3 4
(A) B JE Carbon source( g) 20 25 30 35
(B) & J& Nitrogen source( g) 1 2 3 4
(C)pH 5 6 7 8
(D) {EJE Temperature (°C) 20 25 30 35
(E) %% & Liquid medium( mL) 50 100 150 200
1.3.4 DPPH A &k iFrhse A egm 2™ — A,
R ARS8 Fe’* 4 bjy(%)— L %100

¥ 2 mL AE% 5 4 mL 50 mg/L 1 DPPH JE 4,
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nm JUE OD . &AFES A7 05E 3 &K, BUF
8o LAV, VERHPEXT IR, DLZE KA RE IR A 2 1 0]
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1
Morphological characteristics of Ra-R-32 (A,B) and ZPRa-S-2 (C,D)

Fig. 1

Ra-R-32 il ZPRa-S-2 fi§ ITS J¥ 5455 & Gen-
Bank , #7575 41 5 KJ542277 H1 KJ542307, % Blast
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FF B A AL BE 35 A 100% , ZPRa-S-2 5 Aspergillus
sydowii [R)JEHEFIFF SUARRIEZ I 100% , 2RE IR
T PIRP S E S I, KRR i Hypocrea longipilosa
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HYRRRERERE (P <0.05) , /NEFLLRR
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Pro 8.0 oMl

2 IGHER
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2 BRSO, AT B ACIR, SR, VR 2
(B 1C) s 22 A7, o310k o E AT
TRR I K oA BRAR, 7 A2 B 46 O R B4 0 A2 At 1 6
(FID) o S8 S s SOk, 02k % 5 43 90 h 1 A
B )& (Hypocrea) Wi %2J& (Aspergillus ) o

Ra-R-32(A.B) #1 ZPRa-S2( C.D) HY T AS4S1E

Fl Aspergillus sydowii .,
2.2 REEFZFHHMRN
2.2.1 REBBR FIRGHT

Pt 4 FaR I b, 4B Ra-R-32 % DPPH
H AT BRACR i e CER IR, 5 B IR L, 22
FPENR .2 (P <0.01) s B2 B A ERE 2y ZPRa-S-2
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Fig. 2 Determination of optimal carbohydrate and nitrogen sources
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Note: A and B refer to effects of C and N sources on antioxidant activities of Ra-R-32 and ZPRa-S-2.
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MRRAERRIR, I 22 A 3 . B rh e £ PH A JEIEERAE i, 5 H B AR L, 22 5k
W B ) Ra-R-32 FI ZPRa-S-2 WS FRAE A (P <0.01) o 35 43 il gk £ 2 1 2R Y
IR (1 2A) . BHAF N Ra-R-32 fil ZPRa-S-2 & Beh: I 2 09 AU IR (1K
a4 PR, DEA K BRI ABE 2B),
fif,Ra-R-32 Xt DPPH F i 5L 19I5 BRAE SR UOISS,  2.2.2 KB A tRagfte
H2E5 A AR A N &R, ZPRa-S-2 X DP-
#®2 Ra-R-32.7ZPRa-S2 RERBZFHMNEIXBERNRFESH
Table 1  Results of orthogonal tests of optimal fermentation condition of Ra-R-32 and ZPRa-S-2

DPPH Ji5ERAETT (% )

JiSiE RS PI% Factors The DPPH scavenging effect (% )
Codes
A B C D E Ra-R-32 ZPRa-S-2
1 20 1 5 20 50 0.99 51.78
2 20 2 6 25 100 12.68 83.16
3 20 3 7 30 150 59.30 80.94
4 20 4 8 35 200 54.04 54.26
5 25 1 6 30 200 4.01 71.66
6 25 2 5 35 150 19.82 23.34
7 25 3 8 20 100 67.18 93.00
8 25 4 7 25 50 13.69 54.29
9 30 1 7 35 100 75.15 -1.78
10 30 2 8 30 50 80.25 93.54
11 30 3 5 25 200 0.50 77.51
12 30 4 6 20 150 1.24 85.95
13 35 1 8 25 150 78.30 80.70
14 35 2 7 20 200 57.42 15.70
15 35 3 6 35 50 62.74 93.83
16 35 4 5 30 100 10.50 83.45
T, 380.99  451.26 95.42 380.47  473.02  AESRRIE SEM A A ¥175 F g Pl
T, 290.03  510.50  217.94  315.49  496.50 A 5155.31 3 1718.44  303.35  0.0001
Ty 471.43  569.16  616.66  438.13  475.97 B 5199.79 3 1733.26  305.97  0.0001
T, 626.88  238.41  839.30  635.24  323.84 C 29889.09 3 9963.03  1758.76  0.0001
Ra-R-32 %, 31.75 37.61 7.95 31.71 39.42 D 4762.1 3 1587.37  280.22  0.0001
X, 24.17 42.54 18.16 26.29 41.37 E 1587.257 3 529.09 93.40
X, 39.29 47.43 51.39 36.51 39.66 B2 181.2734 32 5.66
x, 52.24 19.87 69.94 52.94 26.99
R 28.07 27.56 61.99 26. 65 14.39
T, 810.44  607.07  708.21  751.94  972.76 ASSEUE  EHM [ 5y FAH P Al
T, 819.30  647.22 1016.48  979.44  773.49 A 98.7107 3 32.9036  6.2371  0.0019
T; 778.30  1035.84  539.93  988.78  825.45 B 11274. 1 3 3758.034 712.3617  0.0001
T, 821.07  938.98  964.50  508.96  657.41 C 12480.71 3 4160.236 788.602  0.0001
ZPRaS2x, 67.54 50.59 59.02 62. 66 81.06 D 12886. 38 3 4295.459 814.2346  0.0001
x,  68.28 53.93 84.71 81.62 64.46 E 4276.328 3 1425.443  270.2027  0.0001
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x;  64.86 86.32 44.99 82.40 68.79
xy  68.42 78.25 80.37 42.41 54.78

R 3.56 35.73 39.71 39.98 26.28

TR 168. 8146 32 5.2755

N 2 J5 2253 0, 45 DR 220 6 45 2R 5% i
BE(P<0.01), W2 REMI/NERIZHZIHL
EaE AR AN, Xt Ra-R-32 Hii A fb &k 1A R 5
AR /A pH (H > ki i > JR & > IR > Wl
i %F ZPRa-S-2 $20 /Ny - L > pH {E > F R
> BV > BRI, T1.T2 T3 T4 {5 3R % 1H
MRIEA R L 25 T TRl — R R AE ARG BR R Z
AL (x1 (=2, (3, (x4 R & R WS AE A KT T
BRI AR 25800 B 56 R 19 B R B A
(TAE) B AR Y (x B 1Y 5 AR I B X5 N7 4%
4, BIT A5 e AL BRZH G o Ra-R-32 FAfEALAL 5%
4 A,B,C,D,E, , RIF %05 35 ¢/L, AR 3 ¢/L,
pH 8, IR 35 °C, i 100 mL/250 mlL;ZPRa-S-2
MR 254 A, B C,DLE, , BRI 35 ¢/L, 4
A3 o/L,pH 6, I8 30 °C, 3% & 150 mL/250
mL,

2.2.3  sRAERBERT A 69 HE

Ra-R-32 . ZPRa-S-2 %t DPPH [ 3435 K hE 1 bl
i ) A2 T 34 K, 55 10 R B i ok e ) 34936 31 i
K539 88.27% \93.92% , B J5 T bR BE 1 34 F BE
(E3).,

DU R WA 3em, 7656 10 d 1) Ra-R-32
ZPRa-S-2 X} DPPH [ i 55 Bk G& 1 43 5l 3% %
88.27% 93.92% , = T1EAC IS FH Y 16 2 5258 25
A B, B R BERT ] 10 d

100 f -+

A

7

/

Cd

4 6 8 10 12

Fermentation time(D)

O
(=}

o0
(=]

~
(=}

(=)
(=]

Scavenging effect of DPPH(%

B3 REXERBHEHE

Fig. 3 Optimization of fermentation time for antioxidant test

2.3 Ra-R-32 iEAFEITM
Ra-R-32 Wyt fbie 1 an il 4 pros . Ho vk

J£5 DPPH H i HEBRAES) . - OH G FREE S 2

BOCFR I o o VA 1) 15 R B e i Wi g, ot

0

b

B R 10 mg/mL B, 15 SR 2835 38 B 5 K AR, 43 510
84.03% 61.05% , H: Fe** 34 fig 1 WM 5 14 T
WA, 24 ot VK FE 8 2 mg/mL B B 3 K, 0
12.60% ., F: 0, 15 bR 6E 77 BE A v B A 34 M 128
T, 76 4 mg/mL B IE BK, BT v B2l 7 mg/
mL B V5 FRFRIAF] 83.29% , Hfifg R 55 B e
B, BB BE AR A K 7R 13.65% ~21.00% 3
BN Bl H BT S AL BB 7 Bl Ve i 385 KT 3% 7 34
KOEEER 10 mg/mL B, SHT A fLiE T8 6. 67 U/
mL, Z55% M, Ra-R-32 Wit A fkiie /15 DPPH
A, - OH™ F1 O, ByiEFREEIA G, =F I EC,
H5T 8 4.72.7.50 1.60 mg/mL, FHMEXTHE V, Xf
DPPH, - OH™ 0" (AR LI B A9 EC, /N
T0. 10 mg/mL, H SHt 5 A0 B8 7 Il 5 14 Ok 1M 3
SRR EE R 1 mg/mL B}y 28. 78 U/mL; EDTA )
Fe’ " 3% A J1 EC,, {4 0.032 mg/mL( & 6), Ra-
R-32 1) 6 Pt a AL EE S 344 B B XS IR
2.4 7PRa-S2 iR FEEITEMN

ZPRa-S-2 AN[FJriE b A Lae T gl s fros,
ZPRa-S-2 3§ DPPH ¥ [ RE 7 bifi 5 W J32 15 T 35 K
TEMREEIA ] 6 mg/mL J5 e T-F52, I bR 38 i KAE A
87.00% ; #E Uk EE 7 1-6 mg/mL B}, %} - OH ™ J5[&fik
T8, BASE W 7 mg/mL B V5 BRAE TR
GG V5 bR IR H 69. 82% s Xt Fe* " B A BT
FNAH R ERTE BRAE 122 , BEVR AU AN K Y/ VT
10.00% ; %} O, ¥ b B8 77 Bl e J5 1% I 3G K, e
910 mg/mL B, R FRILE] 97.08% , BV E

g effect of DPPH

100 10
< 80[% 8 EV
Z 60 6 =
S w0l 4 5
% 20! 2 £

B e S 5

0 L L 1
0 2 4 6 8 10
Final concentration(mg/mL)
B4 ARERE Ra-R-32 Bk R B ERINYA 6 LS
iEtE
Fig. 4  Six antioxidant activities of fermentation extract of

Ra-R-32 under different concentrations
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Fig.5 Six antioxidant activities of fermentation extract of

7ZPRa-S-2 under different concentrations
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Fig. 6 The antioxidant activities of positive controls under

different concentrations

R, H B PUE AL RE J1 B Wi K, W A 10 mg/mL
i, Ayt bBe 51k 5.52 U/mL, ZPRa-S-2 [ DP-
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