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it ERED OTEF' OREX kA RE' BXFE? KA
(1. DU KA R R F b AR S R SRR E WAL= I G 610065)
Q. DA EEREEEE R P RS 611731)

B ZE: (8] AT RRIFAFEL R REENME, MR L BB, AHFK
LU ABRA BRI EZ, [Fk] A NA BSRERRLET AR B AL DE, BiTHEE
EAH(TLC). &2&A8 &3(HPLC). A8 &35- 58K A (GC-MS) if ik ih BABF = R KA Ak, 2
BAAET S FLZREESH A 16S IRNA KB 57| o ar Lo £F3is, 2R F R85 € b
pH. 3B JE . KB 8] BRAEAY X AR BABEE A 69, (4R AR T KRR B 3
4R AmE, HF 8 vhat ZBEEE, Mt hBE " ER KA B3, 2RAAEMEINIIT. F2K
F & AT B 16S IRNA KB 57| 50470 %58y /K A& 42 B KB (Rahnella aquatilis). BF 50 H & 84
P, HRIE pH 4 6.0, RIEREH 32°C, RAEKXBATI A 42h, REBNEH 15%. ERELR
AT, AR NABRALE, B3 HHEAEI6) 2% 15.68 mg/L. [4#] B3 BhZ—H
AR FEABR AL 0 mE, ERERBAMN TR 243 1568 mg/L, FABAEGTFRAME.
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Screening and preliminary study on one endophytic
bacterium of Rhodiola crenulata
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Abstract: [Objective] To research the alternative resources of Rhodiola crenulata, a tyrosol-producing
strain was isolated and identified from the root of Rhodiola crenulata. The production features of the
strain were preliminary studied. [Methods] Endophytic bacteria were isolated from Rhodiola crenulata
with NA medium. The best potential strain to produce tyrosol was selected through thin-layer
chromatography (TLC), high performance liquid chromatography (HPLC), gas chromatography-mass
spectrometry (GC-MS), followed by identification by colony morphology, gram staining analysis and
16S rRNA gene sequence profiles. Single factor experiments based on initial pH, culture temperature,
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incubation time and inoculum size were performed to optimize the conditions for tyrosol-production.
[Results] In this study, a total of 14 strains of endophytic bacteria were isolated from the root of
Rhodiola crenulata. The best potential strain B3 was selected from 8§ strains which can produce tyrosol.
B3 strain was preliminary identification to Rahnella aquatilis by colony morphology, gram staining
analysis and 16S rRNA gene sequence analysis. Researching its fermentation conditions, we found out
that the optimum pH was 6.0, optimum temperature was 32 °C, the best fermentation time was 42 h,
the best inoculation amount was 15%, and at the best fermentation conditions, the yield of tyrosol can
reach 15.68 mg/L with improved NA culture medium. [Conclusion] B3 strain is able to produce
tyrosol, and the yield can reach to 15.68 mg/L at the optimal fermentation condition. The
tyrosol-producing strain is expected to be explored its marketing values.

Keywords: Rhodiola crenulata, Endophytic bacteria, Tyrosol, Rahnella aquatilis
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KPS N A RAE T 4 B T PR SRR R A N
AN, F RPN SR SR o B B 10-58 5
OO B . KR BTN K AR
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88-92 °C, [N 310 °C, CAS B354 501-94-0,,
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H IR/ ; 2xPCR Master Mix (0.05 U/uL Tag DNA
KA, 2xPCR N 2% i, 4 mmol/L MgSOy,
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Figure 1 The molecular formula of standard of tyrosol

1.1.3 $EFFE: NA BRI (L): HAK 5.0,
AR 3.0, WA 2.5, IHARS, B 20 g B
f&, pHIHZ 7.0, 1x10° Pa K# 20 min, Bk K NA
K3 (Modified NA medium, MNA): HiF#3EREC
T R R K SR
1.2 KA
121 WEHAEMSE: TCEREaTRKETH
M, KPEE T, UK 75% R 4 EF 2 min,
TCHEZERAK YL, 2.5%B K EBRENA RN B 4 min,
THZARK S, HIXHFARIIVIEEZ 2 mm,
SRIGUI 2 mm fY/NE, 40008 T NA AR L, D
55 2 YRR T R TRK 0.1 mL ¥ A NA AR X
MR, 37 °C }E3e, WI%E NA AR, Mifpkit. 4tk
It 4 °C (RAFEBE
122 KT =XRIREBAIIRE: T SRR
T R 2 SR SR, 20% 09 ZEEZ 30 min
J5, 80 W ik 2 min, 70 °C /K& 10 min, ¥ 1K
HUEZR TR 1 mL WESAME, B R R iE b
WA
123 MEMEABEREE: NAEAELL 10%1
BRSNS 60 mL NA WiRE; 3R 3Ed, 32 °C,
120 r/min $EPRKTSE 42 ho A AR 1.2.2 ik
PR,
124 HREBREABEEREN: RHBZE0
(TLC) . R AR i A=A (8535 - BT RS I FH(GC-MS)
BRI, DAL 5K 24 B U R s BEAm o ot Ry %o
HEG 3 RN I A I A5 A4 40 R . TLC BIFFIN
s S8 )7 7K =24 14:4 (1KFH L)

HPLC {4 #:: Waters Cig (75 mmx4.6 mmx
3.5 um); VSR EEK=15:85 (IRFLEL); i .
1.0 mL/min; . 275 nm; MR 30°C; #F
FEiE: 10 uL.

GC-MS G it . 0C-101 JEH A (45 mx
0.25 mmx0.25 pm), HMFHAFEFUTF: 2 °C/min A
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70 °C J+2 135 °C, ££%F 10 min, 4 °C/min FHEZE
220 °C, 4#4% 10 min, 4 °C/min JHEZ 270 °C, 14
5 20 min; AYEE . 290 °C; #X: He (A1)
M7 HESE . 10 kPa; X< fi# : 2.0 mL/min; Transfer
line (f&4ZE R GC %] MS AY3EIDIREE: 300 °C.
1.2.5 BEHRIEE: B REVEES . BROREREE R
B2 YL (AR 16S rRNA FE R 741 4 E bk

DNA HF2BCR FHRAR AR L) A BRA
A AR SE R 4] DNA $RBGAR S bn g R i i
$EHL, 16S rRNA J:[H PCR ¥ ¥45|49°8 27F
(5-AGAGTTTGATCCTGGCTCA-3") il 1492R
(5'-GGTTACCTTGTTACGACTT-3"), # #{k &
(25 pL): Bt (HEJE K 600 mg/L) 1 L, RS54
(10 umol/L)#% 1 uL, 2xPCR Master Mix 12.5 uL,
ddH,0 9.5 pL. P HE4F: 94 °C 5 min; 94°C30s,
55°C 1 min, 72 °C 2 min, 35 ME#; 72 °C 10 min,
Pt ik BT ERE R (Invitrogen) A B . )
FE4E 78 NCBI | GenBank %0#8 )% HLxf, JEH
MEGA 4 tH# R G LT
1.2.6 MAEBRMERKMENEEE~EMNE: KHHNE
B B3 AT 60 mL WA R FREEN, 32 °C 200 r/min
FPEIRKGRFE, 12 h FFUR EE 46 h B0 2 h ICGEE 1
RIEEI OD 8 . BT & SEgl™ &, ilEe
DIZE 3 YK, BOT- YA 2 ) A i 2 g B e fih 4k
1.2.7 AEEEHMML: /0l 12, 17, 23, 27,
30, 32, 37 °C &M T RMERGFE, HEAFIR BT
B3 TR I B St A 520

RIERE T, W kB IRIEMIMG pH, 251
7E pH 4 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 &£ T
RS, B EA R IR pH X B3 BRR I B B 1Y
S

Bom iR | el pH |, AR AN FER R 1%,
5%. 10%. 15%. 20% M ARG FRIER 5% B3 T
R T T2 P B () 5

b KRBT, MR REEC % B3 ™~
Yy B AS [ B IR
2 SR
21 HAEREMIBERFIE. USMEEHREE
2.1.1 REENSBEFERESIOR: R
FRAG PO T 14 BRI, LSRRI 2
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TLC A, w14 W H b 8 R RENS 8 2o A2 I 7= g e
R BRI, . ZLRORMRER Y . R BRI
WAEREIAR b i e, PSS B (A0, Ry
fHFA—E, 298 0.67. HPLC 53R BoR, EEER
e, ZUR RTINS 8 PRAN T A e W) TE
P& L PRV AE W ST 1 222.00 nm FT 276.00 nm 4b3Y
AW WEE 2A), HAMIEHLR B, 5358
11.22 (& 2B). 11.03 (& 2C). 11.13 min (&l 2D),
H B3 &K, #E—2id GC-MS ki, 78
AHTR] ARSI £, B3 TR A T T H B P L B s
8] 16.428 min (& 3A), 7E LA B IR 1) 6 7
1% (Total ion chromatograms , TIC)HtH 460 21 #H 7]
(I BE R IE m/z (E(E] 3B), 5 EEBERRIE (& 3C)—
Ho DLRgEREN, WA B3 Rers s FAY
FACLT S5 RAH [ 1 0540 o e

2.1.2 H#k B3 WEE: WEESS BB,
B3 WARI RS R A6 B, ETE AR,
BEEWHTE(10 d LUR) PO RIRa G, L RYE
JEWRRE A, AR, KPR, KIEZH 4 um,
AN 1 um, Pidm B (E 4).

Ay FU5E . PCR U714 B3 KT 16S rRNA
R, 45 a8 i3 NCBI | GenBank %
12 HEX, 455 7R B3 1 16S rRNA LK 751 57K
HH B R W [Rahnella aquatilis (AY253921.1)]A94H
RIPEILF] 99%, FH Neighbor-Joining 4% R 40 i
FERT(EL 5)o 45 A 24 [C Y8 5 A RS 25 SR B A
HILA Y E B3 WM N K A $i B G T (Rahnella
aquatilis).

22 HERAEBEHHIRE

2.2.1 B3 EHREK L R ERES A o 2k N 4RTR
B3 K4 B3 witk TEMhZ (& 6A) % OD {H
k(& 6B) o, WHRIIER AL R 46 h, Hik
MFEGHIF it &, 2R e )G AR, 1
WIRMIZHE TR, HAEm . B0 . fel, =
BRI 012, 12-36. 36-42. 42-46 h,

WAEZHTE B3 = REEEIIRE I IhZE: HPLC M
EER TN, 0-22 h IARAEEER 4, M 22h
FHREE RPN, 42 h J5iR8ER KM 6.99 mg/L
(MK BB R Bl 1 2% - y=2E—07x+0.022, R=0.996 1),
42 h JE IR R BT N (R 7). 5 R 6 HIE T

L5, B3 TRRR IS FE AN SR N « XHEC i T
i, RE RIS
222 REMNEBESEMEM: HEFRREHR 32 °C
BF TR AR AR K RAE, BT AR B W AE
3.87 mg/L, YRR T 32 °C i}, FhIEE R THEms
B i, 32 °C B bk iR oK I T 32 °C
AP A R AZ B, IR B PO T RE(A 8).
2.2.3  #%A pH X EEEE = RIF I . KB E N
32 °C, HIth pH M 6.0 B}, BEAK RbF, BEE™
HINBEEN 4.52 mg/L. Y4 pH /T 6.0 B, FEEEE
Fei b pH 9 BTG, pH 4 6.0 B P i ks
pH KT 6.0, B3 BRI Z 206, B i
R 9),
224 BEMEREFENSMHEEBESSHEE: £
BRI R 32 °C, H53e3ln pH M 6.0, (R NA
WL TR 15%MIEAF T, B3 HRESE™
HIAFE(E S 14.239 mg/L (& 10).
22,5 AEHREAERIGIER: fERissit,
MR NA BEFR33%, B0 RBRE TR BLAS i 4
By B Ut ey, BEBE " ik E) 15.68 mg/L
(E 11),
3 HiwhGihe

T 3 AR A W TR A ) 4T S KA A i AR ) SR
B, TERFRIHEALVER PR a5 K0T, DAt
BPA LT RAE IR . AR ZE 0 45 B B
B AR R RN, 2, WA
RIBEF LI RAT I NAE B, AERIFSE S e v i
S RE = MBI N ARG, K AERLRICE, HATE
PIAN K AR IR R B A9 B4 P fE X R 8
AT EA A LR s, IO A B TURE R 40 P 1 4
i, R L R AR At i

TR BEVE N AL S R AT RTRP I0E, Zead A pH ok
5 R (UDPGT) LA R 1 — W 2 7 % ¥ (UDPGT) #l
RN AL A B, TTAE AR P I B 75 F L
WIANIHER . WIS DS B IR SRR, R
MRS A A, RS AhEE, Hii
A LB AT AR IR T 2R s . MRk O A Sk
A, B A A ORI AT BB AR A AE A UL
M RN AR TR WA Gk
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Figure 2 The analysis of HPLC
e A FREROE; B BEREARMES:; C: ZLstRMGEIMYY; D: B3 $2HU4.
Note: A: Characteristic absorption peak; B: Standard tyrosol; C: The extracts of Rhodiola crenulata root; D: The extracts of B3.
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Figure 3 The analysis of GC-MS
TE: A: B3 ") GC-MS REl; B: B3 =ik, C: MBS TikIAL
Note: A: The GC-MS of B3; B: The material spectra of B3 products; C: The material spectra of tyrosol.
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Figure 4 Gram staining of strain B3
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77 Rahnella aquatilis m 46 (AY253921.1)
Pectobacterium atrosepticum LMG 2386 (NR_044980.1)
— Raoultella ornithinolytica sch26 (JX294896.1)
Komagataeibacter maltaceti (AB680671.1)
Rahnella aquatilis DSM 4594 (NR 025337.1)

33 Enterobacter aerogenes CTSP48 (EU855221.1)
4

9" Erwinia aroideae SCR1102 (JN600327.1)
Klebsiella sp. BR3357 (HQ677828.1)

61 4|—— Pantoea agglomerans A9 (KC434965.1)
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[ Citrobacter freundii S5-19 (KC202272.1)
76 ' ——————— Halomonas meridiana DSM 5425 (NR 042066.1)
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El5 NEMAE B3 HRGEHLK
Figure 5 Phylogenetic tree of the endophytic bacterium B3
AR RPN ZE R ORE ;. RERAREUEFIR Brootstrap {E; 155 WAUE N GenBank £l HEHIE 5.

Note: Bar=1 nucleotide divergence. Number at notes present bootstrap percentages. Those in parentheses are GenBank accession number.
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