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B E: IHF] 2RO HNAFNRFS, AR B IR, ST HLBE
B, ASHBARNOEEFUARSG. (BN 2AZRIAIHFEERGNERED LBEAHT,
A G W I 4T 8 A B AR K B AR A B L BRI, glFr s ladlrik. [F %] RA-FRX
Kkt T T g 4 NAFHHITH B, @if HPLC A UPLC-MS M & ¥ M £ed, VAN
RHFEMEARSONAER. HAROAKRA TABRH ZHEL 4, KA HPLC ENE 74
BAEE, oRETFHAS, RAZHILSH BRLBIGH GRS HARANE, JFidid 16S
RNA A B ZAKE AN G RBARETrELE. [ER] ANZHRIOLIHLTHBEH 30 KA
. 35tmi, Mikd THRAALAB KR EF e RTEFFIL 4 R =Z KA T 2HR7F
BB, 6T EFFIMGALR ZE 554 LY2(2.99 mg/L). LY9 (4.90 mg/L). LP22 (0.34 mg/L).
PJ20 (1.43 mg/L). PJ25 (0.18 mg/L). PJ30 (0.36 mg/L), 4 ¥k = Z R M TR N AEH F T 53 4:

LY2 (4.92 mg/L). LYY (1.31 mg/L). PP4 (0.66 mg/L). PJ25 (1.31 mg/L), 2 #k=¥A5B504 M A &
S # 4. PP4 (0.70 mg/L). PJ25 (0.34 mg/L). HPLC A3 M ZAM Tt E/F 45 27, B LP22
A G R T Z A B IRE B R GRS AR, RAEKBERTIE] A 48 h, L% H Ak LP22 £ 16S rRNA %
B F ) 2 5 5 A Ry 3F 384T F (Bacillus amyloliquefaciens), & F 280 5 4B X E
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NCBI 443 & 3R 13 5% 5 4 PRINA1039587. [#46) ST g A0 R AF Y%~ ¥A4%, ¥
B LP22 e N B R K B2 48 h, HFA TR S FWMIEUL KT ENRBR LRSS, HE8 2
P41 G AR B H AR B2 T Ak,
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Endophytic bacteria and fungi for high production of taxanes:
screening and application in the fermentation of Taxus media
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ZHANG Shuai', YUAN Jun'
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3 Engineering Research Center of Traditional Chinese Medicine Processing Technology of Henan Province,
Zhengzhou 450046, Henan, China
4 Key Laboratory of Chinese Medicine for Preparation of TCM Decoction Pieces of Henan Province,
Zhengzhou 450046, Henan, China
5 Collaborative Innovation Center of Research and Development on the Whole Industry Chain of Yu-Yao of
Henan Province, Zhengzhou 450046, Henan, China
Abstract: [Background] Taxus media are abundant in endophytic bacteria and fungi, which can
produce a range of anti-tumor active compounds. Fermentation and processing can increase the
concentrations of active components in Chinese herbal medicines. [Objective] To select the
optimal strain from the taxane-producing endophytic strains of T. media for solid fermentation
and optimize the fermentation duration, so as to innovate the solid fermentation method of T.
media. [Methods] The plate streaking method was used to isolate the endophytic strains of T.
media. HPLC and UPLC-MS were employed to measure taxanes, and the strains with high
yields of taxanes were selected. The selected strains were used for solid fermentation of T.
media, and the concentrations of seven components were determined by HPLC. Weighted
scores were computed to determine the optimal strain for fermentation, and the optimal duration
of the solid fermentation process was determined. The optimal strain was identified by 16S
rRNA gene and whole-genome sequencing. [Results] A total of 30 fungal strains and 35 bacterial
strains were isolated from T. media, and 7 strains had the ability to produce taxanes. Among them,
6, 4, and 2 strains produced baccatin III, cephalomannine, and taxol, respectively. The 6 strains
producing baccatin III were LY2 (2.99 mg/L), LY9 (4.90 mg/L), LP22 (0.34 mg/L), PJ20 (1.43 mg/L),
PJ25 (0.18 mg/L), and PJ30 (0.36 mg/L). The 4 strains yielding cephalomannine were LY?2
(4.92 mg/L), LYY (1.31 mg/L), PP4 (0.66 mg/L), and PJ25 (1.31 mg/L). The 2 strains capable of
producing taxol were PP4 (0.70 mg/L) and PJ25 (0.34 mg/L). The HPLC results and weighted
scores confirmed that LP22 was the predominant strain for solid fermentation and 48 h was the

optimum fermentation period. The strain LP22 was identified as Bacillus amyloliquefaciens by
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16S rRNA gene and whole genome sequencing. The full-length genome sequencing data was
submitted to NCBI and received the accession number PRINA1039587. [Conclusion] Certain
endophytic strains of T. media have the ability to produce taxanes. The solid fermentation with
strain LP22 for 48 h increased the content of taxanes and flavonoids in T. media. The findings

provide a basis for further research on the fermentation and processing of T. media.

Keywords: Taxus media; endophytic fungi and bacteria; taxol; fermentation

SV 2T © A2 (Taxus media) i 21 542 &
K, YT, Sk, B8R, Bk, Kis
R BAOMAERSY, HAYUMIE . R .
W . PLREERYY, RETUMREERN
B R H S R DU s L S R AR, X T
P . PR . LIRS 2 RhEE A A
HIVAYT ROR o RIS RETE 2 21 T AZ B 5%
ik, BRI S 2o MRS B R it
Hb, AR T R AL . diRE R L A
AR MY AN B AR TR L SR T RS R
AT o THAE W EE AL AN 52 PR B 215 4 BRI HL 25
G Tl AR AR 7= T 1 5 1 2 3 Bk

AED AL R TR RIS —
FEY) R T S LA S W I N A TR 5 R
TR ) VA R T 25 A AR A 7 A A e i 8 v 2 A2 e
By, HET, EINAMEE TN 9 L TAZ Hi
W 40 AR AR AT LA DT, Filhn, R
22T A 21 52 T ) — PR AR T T LA
BRI, I R AR R B T AL, SEAZIE
PER R AIRF] 987.3 ug/L. BRELESN, KFE
W LLEAZ L T 10-8 £ ek B R 5e 1
(10-deacetylbaccatin 111, 10-DAB) ., E < Z 1T =
RIZ TR, A, A 2 m it X e
A R T AR O R H e Y R, &
B[4S | PR EOR IO | (R B iS4
(LA 2 St 1) 195 5 NI 1 BT P N s A
1R R AL ot R AR 1) 7 18 X T SR AR 41 S AZ R
BRANfE S AZ B R AL A P B R

W5 R, 2 2 R e v] LA M A

RSB &, REWAMR 2 Ja R 2205 &
THREUY, R E B1528 KBERIRE KRR & it
AU Fusarium tricinctum & B AR S B AL 2
1 o ik I 0
megaterium, Burton Pichia pastoris 2 Kluyveromyces
X 4 FETRG LA 2R IR TR & b
IO B, ARSI A 2T G A v
TE7 SRS N AR T, SR U 6 %) TR X 2t T
L1 G AZ AT 2 TRl b 3L, o P e OB (1
W Herp 7 Rl oy 09 7 &, FIA] CRITIC 455 )2
P BT A R G A, A TE 2 i 21 G A2
[ei] 1A S TR o] ) L4 TRk B Ik 1], BT 4L A2 M
Wil R B 290 AL G AZBEIR S Bl
ANSR Y Gt

1 S

1.1, #H&

S LT GAZ KR BT T B A )
BHEA PR GBI LI 5 21 G AZ S K e b R}
DM 610 AFAE WAL I AZ IR s TR,
A&V D B RS AR 228k, 505
= A
1.2 EERFIFNEE

8 K2 I (taxol) . 10- i 2 Mk 5t B2 K = 1T
(10-deacetylbaccatin III, 10-DAB) . [ -k = 1II
(baccatin I1II, DAB) . — R ¥ T
(cephalomannine), 7-3& %5 f2[i%(7-epitaxol) . 4RAY
XU (ginkgetin) . 42 43 XU il (sciadopitysin) b
HES, EIIEM A YRR A A o Ar R P e,

Bacillus cereus . Bacillus
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KA & TR AL TARA A AR, K
HT U ARG A A S A BR A F] ;3% TEDIA
. O, RO s A BR A s
REE, FEBCCHRBHE AR BER, KR
AL 2E R A BR A

SR I RROK A, B BT AR b
I REWETRAE . AR IRAE L LU IR IR B
FRAE | TEIRAEIR R IRA , KT SRR i (XA 15
HBHBAF; +HHZ—K¥. inz—K¥,
TR A PR vl 5 B S I vk
fr, RIS AR A E] BaiKL,
HAERI A BR A A s N ANFLAGRIE R A,
R ST AGER A GRAT FRA ] SO A RS,
Agilent 23w 5 WBTHCAYL, FEBRCHIRBHL (F
ENAFRA A
1.3 EFEMNEER

PDA. PDB 15732 BESCHR[ 10102 1

LB 55573 (g/L)": M 10.0, EERFHEEL
5.0, @ALEH 10.0, BifE 20.0. LB KRG
AInIEhg, HAAEE

ERELZE B A W SRR 25 g,
95%.B% 25 mL; B K: HREZ 1.0 g, Z=IBK
100 mL; JR-A#E 48 h g5 i .

FL MUK B 1.0g, WL 20g,
7K 300 mL,

25% W H (LY OB . VB (L)
2.5 ¢, 95%Z. M 100 mL, ffi BT 20 mL £}
fin 80 mL ZEIE/KIRA] .

SRR YL A W - SEHE O H 2L HE) 0.6 g,
95%. 1% 30 mL; B : FEALH 0.01 g, Z&18
/K 100 mL, JREJENFS .

FLIR - TR 22 Yl . R 15.0 g, F
iz 15.0 g, Hih 30.0mL, #3522 0.075 g, Z&MK
15 mL, FoRE ST I 2 45 iR, AR5
WA AZLER H I FIAR = IR A1 R0 AT, BB IRAF

e
Z3i

0N

14 FEEZREEESYAEERIGFIE
141 AEEHSSEL

FHIR /K ik 8 30 2T & A2 = 4F A ek 4%
KR 5h, BERHR A 75% B4 5 30s. 5%
WA FR AN ROR D 10 min, ORI /KIELE 5 K, #
2L WU, S3OEER T PDA J& LB #5
FRHE, FEJE— IV JC K TRARAE R XT B
28 °ClHIRKEFE . BRMEL, MRl FR A H 2
K BT, FTCR P PRE, R R 2 42
P gk, 28 °ClHIRNESE, =R ik
B IR EPAF AR K
142 AEEHESZFEE

TCTAHRAE ST (AT PR B alifb s
PR TS T b, Rl T 22 Qe | BIG
WG, FR-A xR 2, MEE T4
Yy ISR TSR A, TR AR Y .
143 HNEREAEFYIES

He il B IR (PDA) S 4 B (LB) AR R 72 9, %
PRI R IR, A AL RE SRR 28 °CYE
fb, EREEM 3 d. dipETEAL 2 d, EHJCRE B TEL
PRI E ST, R E 2 100 mL/250 mL
AR SRS RS B AR 10 d, IR IRE
28 °C, 0-2 d B}%43# 100 t/min, 3-10 d BP545H
160 r/min, 4FEREEEFRP),
144 RNERABSYERSEROH &

el AT TR 98 2ok U8 e D5 [ AR TR 22
I, WL R LR (1R 500 W, Sl
F 40 kHz, 30°C) 0L 0.5 h J5AH, BEHE 3 1K;
E R SRR CBE LA 200 r/min #5337
1.5 h J5# 8, ER 3K, SRR
F 500 W MR 1 h, A3 EIREHA, SUZBELL
UELL, 65 °ClEZE T, Mg HRERsf, It
EAZE 5 mL, 3 0.22 pm A HLIEE ISR
TR AR TR

BORAIMER AR5 2 1 mL/2 mL .05
o, B4 CCEASHAE 5 h, B 1 mL B REE v,
1 0.22 pm A HLIERE, B 700 pL FEdH 2 1 mL/1.5 mL
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BT, 12 000 t/min B0 15 min, B EEHR,
i 0.22 um A HLIERE, BRI BEA Sh 2 T
1.45 HPLC #¥ITHRNMAEE AR EP LR
KR 5

K Agilent 1260 RIS 8508 AH X, 215
o~ Waters Symmetry Shield RP18 Column #¥
(4.6 mmx250 mm, 5 um); J I 0.1%EER 7K
HH(A)-L N6 (B), BB EEVENL(0-15 min, 65%—-45%
A; 15.0-22.5 min, 45%-30% A; 22.5-32.5 min,
30%-10% A; 32.5-35.0 min, 10%-65% A), i
FEiE 10 pL, AR 30 °C, Kl 232 nm.
1.4.6 UHPLC-Q-OrbitrapHRMS 24 F R4
B & BR P RS

KA Ultimate 3000-Orbitrap Exploris 240
VTR FIAYL, f833%41 4 Hypersil GOLD (100 mmx
2.1 mm, 1.9 pm); zHAH: 0.1%H BRIKIEH(A)-
Z N5 (B), B BRI (0-0.5 min, 95% A ;0.5-8 min,
95%—75% A; 8-24 min, 75%—50% A ; 24-38 min,
50%-5% A; 38-40 min, 5% A; 40-40.1 min,
5%-95% A; 40.1-43 min, 95%A); i 0.2 mL/min;
YEFER 4 ul.

Fig B R . H-ESI Hf; #iX. 1E; B
YR . 350 °C; FEAUUME: 25 psi; BB
J£: 10 arb; FAFEEME: 0-1 200 mVz,

1.5 BERAEBESHITISHZMNERTKRNTE
1 % B B B9 L4k
1.5.1 ZEHREH &

V2 MW LT G AR T A 5 5 22 kIR 5T
ARERGEDR], JICE SRS IR ST 24 R F 2 £k
HEERIIST, FEIMA—E R AR, HiaEZ
BT iz BB 3O, R R N4 ) Y
Jrde, BERIT A TR 60 CHET, VERARE
MEAE (0 h FEGL, TIE]), HARET 32 °C. 75%
MR TR R TE IR R SR AR T B, AIRE 12 h BBURE,
£ 96 h KIS, FratE it T sk, 5%
i, AR,

1.5.2 #HiXmisgeHl&

RIS MR 1 g, BEHRIEHIE
A, RESIMAREL 50 mL, %%, HREER,
500 W 30 min, A%, FAREER, HHEE
BRI ER, WY, #E, BCEERED,
FRAMAHEE 50 mL S $EH, KRR I 1 HH B
R 2 g, A 9F 2 IRIEW, 60 °CIsJEZE T,
O H A R G 2452 10 mL, i 0.22 um
PITFLUBRE L UE , #85H.

1.53 MRS KEH &

FEEFRE 10-I P LR 2210, B R =510
ST AR | T-F AW | AR I
S IARCE AN 5, 0 e i 9 R A, Tk
B R SRR, A W B T T R
Jonn B i 75 A8 o i MR R 9 O 606.70 . 280.00
250.00, 163.30. 66.70. 380.00 #i1 440.00 pg/mL ]
TRA X R SRR
1.54 FHiEFER

53 SRS % W IBUIR B X BE SR VS ¥ 1,00, 0.75
0.50. 0.25. 0.05 1 0.0l mL ‘& ZE 1 mL, JFFE
10 pL, % 1.4.4 fERERE, LIXT IS
WM ARAR(X), VTR AARBR(Y), 2ilbn
HEMZ& (R 1),

Fie B 1.4.5 B 2002 & BERE P 10-DAB.,
DAB. —RIZTHk . EI2ME . T-REMEE . A
WU | A U ) i, KR RSB B Y
BRI TRE % R 000 R R M S R MRS,
BE M s 0B relative standard deviation
(RSDYEI/INT 3.0%, RIS 80RAH A1)
K B AT W s G BT it
ARTE 24 h NERUE . IRE RIS g Eids K1
7 B EPE B RIRTE 97.85%-104.96%,
RSD {H 1 0.14%—0.96%. LI [ Jrikia s,
AN I I I ROR AT R TR
D Rr LI
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Fz1 EMESMLERNEAFRESEETEE
Table 1

Regression equations and linearity of seven components

Compound Regression equation r Linear range (ng/mL)
10- 2L k2 1 R 55101 Y=16 704.82X+12.37 0.999 9 6.07-606.70
10-deacetylbaccatin III (10-DAB)

[ &SI Baccatin 11T (DAB) Y=15 635.49%+3.69 0.999 9 2.80-280.00
ZRAZ T Cephalomannine Y=14 113.40X+0.49 0.999 9 2.50-250.00

ZEE Taxol Y=14 957.48X+1.60 0.999 9 1.63-163.30

7-F R T-epitaxol Y=15 766.64X+1.31 0.999 9 0.67-66.70

A WHER Ginkgetin Y=29 788.22X+15.23 0.999 9 3.80-380.00
SAAIUHE R Sciadopitysin Y=36 537.77X+40.12 0.999 9 4.40-440.00

1.6 LZREFENFHEBIEE

¥ 7 FhORIRI B R & LT SAZ 1RO B
A SPSS PRO, f#iff] AHP (A). CRITIC (C)¥:
J AHP-CRITIC (B)i£iX 3 FAE 5351115 63 4>
B B] 5P 2R A543, X454 B EA T AE DG R 5L
S0, LRATEA, HEEEAIEMAE.

D=XiQxW, & % it /W, A= i
X D RWERERIr; QN 1 DN YA
Wi 8 1AL I B i, RS R 12-96 h A i,
He bl 0 h BE S
1.7 B EKRNFEE

W 1.6 TPt I DL IR P26 28 o [ B U
7%= W) {8 9% H 0> (China  Center for Type Culture
Collection, CCTCC)# TR FI % 7E . ZHERIK
— SR ILRIRHEEA BR A R R A 16S tRNA S R
JPEAR XS BRI RIS TR 8 %, 4tk
DO NRH A PR FLR A Tlumina Z56 —
fX; NanoPore #4174 FE KMy, By 381519
SFERZH 751 $2 38 2 NCBI Y SRA B8 %
1.8 HiEHH

W AHBE ] SPSS PRO., SPSS 26.0 7347,
R RERHE S Xcalibur 3.0 #44: 204, BiiRm
i 2R LSD ZE HEE, Bl EAR
F5{#i ] Dunnett’s T3 7%, i Origin 2018 {4
BT

2 ZERE54

21 FEEREUEMARERFIEER
JAFE i 4y B A5 5] 65 MRNAE TR, it
[Ryefn . BIREWYE | FLIR- A R 2 Y@,
FEBI NS ILEE R, A 35 BRIVAEANTA . 30 #k
WAE LA . 48 HPLC R, o 7 BRI ™ 4200
sy, FARWARERE L 2. i Xcalibur 3.0
AN BOE AR T oA, FEIE R, ik
5 B BIHED T8I miz 587.248 8, %
*x2 SMTIASEASEELZESH HPLC 21

Table 2 HPLC results of endophytic bacterial and
fungi fermentation products of Taxus media

Compound Strain Content (mg/L)
[ 45 S 111 Baccatin - LY2 2.99+0.17a
1T (DAB) LY9 4.90+0.61a
LP22 0.34+0.04cd
PJ20 1.43+£0.02b
PJ25 0.18+0.02d
PJ30 0.36+0.00c
ZRIZ T LY2 4.9240.15a
Cephalomannine LY9 1.31+0.16b
PP4 0.66+0.03c
PJ25 1.31+£0.01b
ey PP4 0.70+0.04a
Taxol P25 0.34+0.00b
BAE S IR EZE . AF/NE TR R P22
5 (P<0.05)

Its content is the arithmetic meantstandard deviation. Different
lowercase letters indicated significant differences (P<0.05).
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4> W Mz 345.170 2. mvz 327.159 1. m/z
133.064 7 Fll m/z105.033 4, 5 3CRik[22]—3, %
EZEY NERENGAEY S KWlEDTE T
Uk Mz 832.353 9, WS T4l miz509.217 6.,
Mz 264.122 9, 454G 3CER[231% e Hol =227
Wi LG Z WS B T8 mVz854.338 3,
WA BT 9 Mz 509.214 1, mVz327.159 6 Fil
m/z 286.107 3, 5 3CHR[241%F b %508 MR AT,
BARE R LT AR W 3,
22 HAERABASHERITHER

PR TRIRMCZE AT AN AR B B A v B 43 o
HZES, HSFERLES 2 e & A5 R,
JFLAMEH SPSS PRO FEL A% $icdh i f A Ak
L, T LA R R R BELL S AZ IS T R

MG AR FLFTAY) . BRIAHE PP4 K
Je i N RSN, Hodx 6 Rtk & 12-72 h Y5k
25 10-DAB & &, RIAENZE LY 1Y
48 h RIS, 5 A A B 2 TR 54.63% (3R 4,
Kl 1A). DAB 1ER—Fh 5 SR B a5t LY 55
R G, S s 6 U A I 0 E )
7 FNA R RS S RESE DAB SR TR, bR
PP4 1] 96 h KEEsh & fEfim, SAMMLEE
TH 34.54% (% 4, B 1B). =R THIARE A
AHOMETEYE, B S RA5 AL, Wtk PI30
1) 84 h ARgs STt m kR E, SEMMELTT
5 102.70% (% 4, K 10), LAY . ¥
JRE (AT LA e A G 58, BARR LP22
Sk PP4 El)G, SRS EYLAN SR

5, HRER ARG, AN & B )5 AR A
|, AbE KB MR PI25 1 48 h RN, 5
A AR EE B TR 29.30% (35 4, K 1D), 7-%

TR, dER LK 4.
221 WAEREARELISHA RSN S BN
10-DAB B AU us vk, tida L

*x3 SHITISEZRERELAE"TYE UHPLC-Q-Orbitrap HRMS 7347
Table 3 UHPLC-Q-Orbitrap HRMS results of endophytic bacterial and fungi fermentation products of Taxus media

Ion mode nvzcalculated mM/zmeasured Error

Strain Compound tR/min Molecular Fragment ion

abbreviation formula value value value/10°°
Ly2 BF 17.05 Cy3H;0; [M+H]" 587.248 6 587.248 8 0.34 345.170 2, 327.159 1,
133.064 7, 105.033 4
S 25.07 C4sHs3NOys [M+H]™  832.3539 8323539  0.00 509.217 6, 264.122 9
Ly B 17.05 C3H;0, [M+H]" 587.2486 587.248 9 0.51 345.170 5,327.159 1,
133.064 8, 105.033 4
St 2494 C4;HsNO,, [M+H]™ 832.3539 832.353 9 0.00 509.219 1,264.123 0
Lp22 B 1698 CyHy0p [M+H]® 587.248 6 587.2490  0.68 345.170 4, 327.159 0,
133.064 7, 105.033 4
pp4 S 2498  C4sHs3NOjs [M+H]™  832.3539 8323537  —0.24 509.215 3,2 64.123 0
zP4 25.82  C4;H5NO,, [M+H]™ 854.3382 854.338 3 0.12 509.217 7, 327.159 3,
286.107 2
P20 B 16.94 CyH;0, [M+H]" 587.2486 587.248 9 0.51 345.171 0, 327.159 4,
133.064 7, 105.033 4
P25 B 16.93 CyH;0, [M+H]" 587.2486 587.249 0 0.68 327.160 1, 133.064 8,
105.033 3
g2 2497 C4sHs3NOy4 [M+H]™ 832.3539 8323539  0.00 509.217 8, 264.123 4
zP4 2585 C4;HsNO,, [M+H]™ 854.3382 854.338 3 0.12 509.214 1, 327.159 6, 286.107 3
P30 B 17.02  CyH;0,  [M+H]" 587.2486 587.248 8 0.34 345.170 2, 327.159 7,

133.064 7, 105.033 4
2 9T B LG E RS (baccatin I11); S =243 T Hii(cephalomannine); Z %8 #2 % (taxol)

In column 2, compound B is the baccatin III; S is cephalomannine and Z is taxol.
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(4D
968°0FCT'66  OEHOFIC86  906'0FFO'FIT 9POT'IFLI'00T STEOFSTO0T AE80FSE 60T Q06 0FLGETT 4! [OXBL
979°0F00°00T  PE€8°0F00°00T  PITOF00'00T °16°0F00°00T SITTF00'00T P9+ 0F00°00T  P9T 0F00°001 0 A
QPO vF6E 991  ALTOFECT 601 201 1F80°901  BOYOFOCICI  OSEEFISTOI  BTLOFEE 90T  JO6'0FEY 68 96
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Figure I Changes of taxanes in Taxus media after solid fermentation by seven endophytic bacteria and fungi.
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Figure 2 Changes of flavonoids in Taxus media after solid fermentation by seven endophytic bacteria and fungi.
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SAZEE] LLE o 22 ] AR AL R SR A, Bk T, RPN B,
LP22 Fifitk PP4 KEEG S EWE TAMN, HEy 24 BERAEBSHTASHEHEEKRTE

5 FPRRPR RS A AN, SR R T Y
JETEAR PP4 11 96 h S, HARM, BRI
44.17% (& 4, K 1E).
222 HNERABASEZNEHMHERERSH
Al

B 2E A S W IR RE B UM IR HAh,
EEAPUR . PuEE . PrEf . e 1
FEH . 7 MR AR R B2 MW LIS, A
[Fi] & e HsF ) 0 A5 00 6 ) % s AR fb AN ), B PR
LP22 & [ s A AR R & i oA v, e
48 h KN, LEAE S EE TR 24.66% (3R 4,
P 2A) 5 X 4 A XU P 5 5 Ml e K 1Y) TR A R
PR LP22, Ty Rl S B = T4, 0-96 h
REGIRET, SRR ERLM™, 24 h BB ARG
fi o s, 5 48 h BEE ST R B EER,
SHA T A AR I A B 5 22 57 (3R 4, 8] 2B),
23 THRRSHNESR

3P ITIEIAE N 5,A 5 C IR,
FBUE A 2 R4 5ok 039 (P<0.01) . —0.07
(P=0.89>0.05), A 5 B i1, BEEAMHSERES,
4 0.99 (P<0.01). 0.98 (P<0.01), C 5 B A3
FCE M R B3 032 (P<0.05), 0.10 (P=
0.83>0.05). = FOrFatBAR B AMIE, A
C. B 5 CHREANH, A5 BREMK. AT
W RFM, 50, B IiABmE R4

x5 SRR ZES 7HASTHIRE

TS

RIELL G A Kk R e R AR, LLe2.371
WEHLe T AKITE 63 FARIFE 1T,
3 A RIRE f A543 2R 5 1 SR (0o 2 b
W21 G A2A A5 43(1.000 0), J5 8 41°H 12-96 h
KRS AE8(0.941 5-1.245 7)., B EEELL{,,
Aty , U K 5 2 MW 21 A B e o
AR T AR AL BRI R A, 150
1%, R RS & i R AR T AR it o Fh R BT AT
56 Bk BE S S AR T A S 04T 11 Rl 43000k
PR LY2 IR PR LY9 B 96 h K EE S, Hkk PP4
M 12, 24, 36 F1 48 h & Wehh, WPk PI25 19 12,
36 196 h AMWehh, LL& PJ30 BFE 12 h #1196 h
KM, Hoar 45 kB ARrm TA M, JF
HFE# LP22 K IFk PI20 KBS T AT & It a)
FEMAR I TR . B R E R LP22
(/) 48 h EBedh, LaBTER R 1.245 7, LGV
s, = LT GAZ KR AR ST bR R TR AR
LP22, ffEkEERTIA] N 48 h,
2.5 MBEHKLP22 HMEEER

W AL B bR LP22 16 LB 535 %
F%36 h, A B KER, DEERE,
i, SR 4A); B E S F LR
REEEE A, WMIES MR, A2, REX,
A= (] 4B), W48 S5 LP22 g8 2 [ FHIEFT I .

Table 5 Weights of seven components in three different weighting methods

Compound A B C

10-JIjé 2.k 2 L+ 21T 10-deacetylbaccatin 111 (10-DAB) (%) 15.66 20.75 18.70
[ <=2 111 Baccatin 111 (DAB) (%) 11.74 9.88 11.88
ZRAZT B Cephalomannine (%) 5.87 5.97 14.36
LAZEE Taxol (%) 46.97 43.80 13.16
7-F K2R 7-Epitaxol (%) 5.22 4.44 11.99
R BT Ginkgetin (%) 6.71 8.61 18.10
S HA LT Sciadopitysin (%) 7.83 6.55 11.81
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B3 tHEKREAESHITISE 63 MiFERFS
Figure 3 Heat map of 63 samples of seven strains
of fermented Taxus media.

16S rRNA Ji K 5 1 25 R W7 T ik
LP22 f 3L [H 41 5 Bacillus amyloliquefaciens.
Bacillus siamensis, Bacillus velezensis i) — 24
e, 5% 99.86% (% 6). MLAh, Rtk LP22 5
Bacillus subtilis. Bacillus nakamurai £ K — %
MLk F] 99.58% (3 6). 16S rRNA FEH (il 4%
AR S E S H bR LP22 i HARFR , T8
S SR INF A et HLER IR

W BRI 7 91 $ 38 2 NCBI ) SRA %#
JB, 5555 PRINA1039587 43k K 41
Jroas R R W, Wbk LP22 5 Bacillus
amyloliquefaciens 1973 4% 1 R — P (average
nucleotide identity, ANI)}y 98.39%, 5 H AL
(9 AN Z52R /N T 96% (3R 7)), % M il M 7] —

4 EHRLP22 E LBERFRELEERSAQREZRFEERB) (1000%)
Figure 4 Colony morphology of strain LP22 on LB medium (A) and Gram staining results (B) (1 000x).

&6 EHK LP22 B 16S rRNA EEFHI 5F AT RERRERRIBMUMEER
Table 6 Similarity results of the 16S rRNA gene sequence of strain LP22 with representative strains of the

genus Bacillus

Bacterial species Strain No. Accession Pairwise similarity (%)
Bacillus amyloliquefaciens DSM 7 FN597644 99.86
Bacillus siamensis KCTC 13613 AJVF01000043 99.86
Bacillus velezensis CR-502 AY 603658 99.86
Bacillus subtilis NCIB 3610 ABQL01000001 99.58
Bacillus nakamurai NRRL B-41091 LSAZ01000028 99.58
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F7 BEHKLP22 MEERFANFEFRITFEBNRKREIRE ANI XJLLER

Table 7 Results of whole genome sequencing of strain LP22 in comparison with ANI of representative strains

of the genus Bacillus

Bacterial species Strain No. Average nucleotide identity (%)
Bacillus amyloliquefaciens DSM 7 98.39
Bacillus siamensis KCTC 13613 93.94
Bacillus velezensis CR-502 94.41
Bacillus subtilis NCIB 3610 86.46
Bacillus nakamurai NRRL B-41091 77.33

FREAFRTE R ANT {HIAF] 95%LA BB, Rkt
AR LP22 452 0 fif UE B 2F 7 FF 14 (Bacillus
amyloliquefaciens), ¥ HAw4% & M-SHDS-22,

3 WwEE®

A 1993 4 X EFESK Stierle 2P A LT
T2 (Taxus brevifolia) 143 &5 H — 4k 7= S AZ B
WAEEREG, ENINER BISE = S5 N
R R T R A SY o ASAIE ST DA 2 1 S 21 542 v i
W 6 BRIAER =B ARSI, FRE LY9 P e ik
B, M 4.90 mg/L; A SEON= B4 A (Taxus
yunnanensis) H i 16 H — k7 B R 5 Y il 2%
JRNA BT, Wt 115 pg/L, MWRiRE
BESRAFHATIAL S, BRI A 34.6 pg/L;
J5 % (5] % T\ R 7 41 5 K2 (Taxus chinensis
var.mairel ) i 3 H — ik B e 52 I BA A 2 )
JRNAEEE, H 80 0.5 ng/g. XM, Btk
LY9 7t RS IRE UL T HAd B TR bR . [FIRT,
AT 4 MRNAERT= =R T, 7R
IR R LY2, =2 T 5 4.92 mg/L;
Li 2P\ A Jb4r G A% (Taxus cuspidata) H i ik i1
— RSB E N AE LR SR T, R
259.26 ng/Lo LA B, ABFF 0 1 H 04 PN 2 T
T HRIE TR . EAL, ASBIFFE R DA 1l 2T
SR E 2 MRS, R
Bk 0.70 mg/Lo [ A= A2 N AE T BB 5T
Bz, CHGER hER . FRTEES 40 214

RPN A T RS, PR R A El-Sayed
LW R RS, AR R 0.90 mg/L, i
RIS AL, R R T 4 6,
ik 4.54 mg/L. ABFSETHGE R N A TR AR
RFIREM R, (FZEE PP4 2ok [ S HbE
ORMNARR, £5 7SN R
BEVEUR . L il i, A S ENARAER
KRR T1, BAW KNI RN E . A0
FER AR 27, M 2T 5 A2 43 B
65 FkNAETE, FE#H HPLC & UPLC-MS Xf /4
A TR I R R ET TR DN A3 AT, TR 7 AR AL
PENAETE, F5& TSR R, A
T A AL G AL TR

20 f S BRUE B AT ST I E 19 5 R AZ B AR
G325 LA 0 T e e A4 e e 7 ) 1 RO i 2
B3t ELA B R A P, B 5 o 0 o 9 20
AR IR T, W R 22 2 250, B I
A BGRBIPUIIRACR . ABFE RI, T RRNA
PRI [ AR W2 M 2L G A2, X 5 FhgeRzde f 2 Fif
B2 R B R 7 LR R, AN [ PR AR AN [) & TRl
(1] 5 it AR AN [F] o AR S TR 1 7 MR S A2 Hoe
4 PN A TR A 0 21 54 v A7 A % A
i, DABRARAES (] R [ ARG, Pl & R | R
JEEHMEZ A, w5 Fh g K&
2 Pl R I B SE A4y, R R T R TR A
PEATIIAR, Piidk A e ) B A TR A, 45 SR 2B LP22
FEAER R, S BERISY 48 h, B
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10-DAB & & 7JF# 15.93% . DAB & & T
20.01%. —RIEZTWMERIE 25.16%. EIZEE
TRETE 22.40% . T- KBS T 11.81%.
BRI & m Th R 24.66% . 4 A U 2
THi 81.35%. WEBRP M R 2w A R 4l 542
EAT XL [ R & e, & 35 d J5 10-DAB & it
FHE 206.70% . EFZEES TR 62%, DAB &
SRR, X GAMH IS RS A AN, ASBIESR i
FIFERE LP22 K EEE LI G4 2 d 5 7 RSy
ST A R R — FIME GE R R e 4
R, PRI H G, ol AR & A RO 1
i, BSRZGWIIT R IRIREE LI Ok £
ol o VI DA B AR ST R UK N A TR
T2 M 2T GAZ AT R M, TRk LP22
[E6] 1A i T 2 MY 21 L AZ P AR 5 5 F S8 A2 006
2 Pl B R A3 1) B, R A N e 0 [ A e T
SIS T BE S . XL ERR LP22
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