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A plant growth-promoting bacterium in Atractylodes
macrocephala Koidz: isolation, identification, and optimization
of culture conditions
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QI Yongxia', CHEN Fangxin "'
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Abstract: [Background] Atractylodes macrocephala Koidz is an important and widely used
Chinese medicinal plant, while its cultivation suffers from poor soil fertility which is often dealt
with the heavy application of pesticides and fertilizers. [Objective] To provide a material basis
for the preparation of a biofertilizer for A. macrocephala with the plant growth-promoting
microorganisms isolated from the plant. [Methods] Mo-Sb colorimetry and Salkowski’s method
were employed to determine the abilities of the bacterial strain to solubilize inorganic
phosphorus and synthesize indole-3-acetic acid (IAA). The effects of the tested strain on plant
growth were assessed with the root irrigation method. The strain was identified based on the
morphological and physiological characteristics and the 16S rRNA gene sequence. Response
surface methodology was employed to optimize the culture conditions of the strain. [Results]
The capabilities of the isolate BZ-8 to solubilize inorganic phosphorus and produce [AA
reached 4.89 mol/L and 45.52 pg/mL, respectively. Its genome was 1 363 bp long, and
phylogenetic analysis identified the strain as Serratia marcescens. The fermentation broth of the
strain significantly promoted the growth of A. macrocephala seedlings. The optimized culture
conditions of BZ-8 were 5.0 g/L maltose, 3.0 g/L beef extract, 5.0 g/L yeast extract, 10.0 g/L
tryptone, 5.0 g/L sodium citrate, initial pH 7.01, and incubation at 30.4 °C and 180 r/min.
[Conclusion] S. marcescens BZ-8, an endophytic bacterium of A. macrocephala, is capable of
solubilizing phosphorus and producing IAA, demonstrating a significant promoting effect on the
growth of A. macrocephala. The optimal culture conditions of strain BZ-8 were determined via
response surface test.

Keywords: plant endophyte; Serratia marcescens, growth-promoting effect; phylogenetic
analysis; optimization of culture conditions
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PAERCR, IFXNZRE R TIB 2228 . AR
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IAA BT, 0.45 g FeCls %% T 30 mL
ZEIBAKH, TRZEI2 N 587.40 mL 98% Y ¥k it
MR, M4iKERZE 1 L, 4 CVAETREGHT
= H.

IR -FIRIR VAT : 0.14 g/mL 4HFEREL
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NBRIP [# &85 725 |, F 28 °CE B K &/ T
BRE 2 d, DU T 1R O PO i P AR R R T
HiZ,

BB BT EL (0 75 R TR A BZ-8 1 fR o
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W 100 pL, FZEIR/KESR 2 10 mL, fKKINA
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VLT LB ik b aifh, m455—mk
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B . rAEL AR, ARESMIRE . A
RET= kB MR (R 1) A AR ALBRAE X L R B,
Pk BZ-8 5 OB MRS BT vb B QA A AR A Ak
FEAE—3
2.1.3 HE#HBZSHN TEVFETE

A5 T8 ¥k BZ-8 1) 16S rRNA H&[H %41 K
7 1363 bp, #2238 GenBank 3185, 35875
> OP036430, BLAST HXH45 5 o 5ok B vb iR
PG RRTELAT 150 B A AR, 32 TR X 71 ol A 22 1A

AAU 3.0 kV 8.0 mm x60.0k

t BZ-8 M ARGk HWP, Htk BZz-8 5P HIK
WE L& TR —#, 5 Serratia marcescens
KRED HAW S HELERLFR, FIl—3tkN
99.05%, |A] Serratia odorifera DSM 4582 J¥ %1
LR 97.66%. KL, ¥Rtk BZ-8 %0E 0
70 T KA JE (Serratia) K T V0 & K (Serratia
marcescens)* (& 2).
2.2 EFk BZ-8 BB E BN E
2.2.1 E#k BZ-8 HI7T TAA FOfR A AE

WPk BZ-8 TEJET TAA €55 N J v 7 5]
B AR 21 (8] 3A), 76 NBRIP [ {485 35 3 b a] 7~
A B 1 i Bl (181 3B), KWk BZ-8 REVA it
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HERRZE, S W RS AN TAA W=
23.781x0Ds3p+0.111 2 (R=0.970 3), fiffitt=
75.718x0Ds),—182.2 (R=0.980), £ & =i,
PPk BZ-8 ffWERE )1 il 5 %] 4.89 mol/L, /= IAA
REJ1H 45.52 mg/L, X HCYRETEBERE T 3H
FE MR T | 2R BRI AN RR S FG s A,
B AR BZ-8 HLA M i I il BE D R A 1Y
IAA fE

500 nm

1 EH BZ-8 155 & FEFERS (AT R THRS®B)

Figure 1
strain BZ-8.

Colony morphology on medium (A) and morphology under scanning electron microscopy (B) of
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F= 1 Htk BZ-8 REIRE (st 222 RERSEYE KON

Table 1 Physiological and biochemical characteristics ¥k BZ-8 ‘BT A RS A3 R & 4

of strain BZ-8 . " , .
FR—— " B, #5515 R ULES AT LI 2 7 25 FIAR Y

G g 45 N )

No. Type Result HERHEESTESANBA . £ 0E, CK 4

1 #i 22 [RYL 4 Gram staining - KA 7.78 mm, HEKFEH 17.01 mm, 70

2 %) B & % Glucose fermentation + e S pp—

3 T H B H [ (V-P) Acetyl methanol — + BZ-8 KEFRAAZE KN 3141 mm, ARUCFHY

4 F L2738 % (M-R) Methyl red + 27.6 mm, AHETFXTREAL 3 I T 404%F1 162%,

5 W e AL Gelatin liquefaction + HkE BZ-8 KL 1A T 1 no 4 A b R+ 4

6 PR ER Citrate + 0]

7 LS % T Inositol fermentation + : _Hi N i

8 Hih & B Glycerol fermentation + 2.3 B BZ-8 FIIEFF R HML

9 PR ZE 43 f# Urea decomposition - 231 BHEZAWER

10 i AL Catalase + MEF LB. NB fl NYD B2k,

11 B3R 4A Siderophore - vAe P g . -

BZ- BPY i i 1 e ¥
T RERNE: - BERR iﬂf 8 7F TR 5 e rp AR R T
+: Positive; —: Negative. %‘(Fé—] 5A).

94 BZ-8 (OP036430)
100 LSerratia marcescens KRED" (KU925861)
65 o P+ AT s Annn oo
35 Mria ficaria® (AB004745)
100 Serratia ficaria 527 (K1739885)

39 99 Serratia bozhouensis™ (KM506768)
99 — Serratia fonticola LMG 7882" (AF286869)

Serratia glossinae DSM 22080" (FJ790328)

Serratia aquatilis™ (KT387999)

Proteus mirabilis ATCC 29906" (AF008582)

—
0.01

2 H#k BZ-8 ET 16S rRNA EEFFIHMENRFELEN 5T F 54 GenBank B35 ; 4037
LB RN FETF 1000 R EE R AEERE B9 bootstrap {H; PR 0.01 Fm it {b i 25

Figure 2 Phylogenetic tree based on the 16S rRNA gene sequence of strain BZ-8. The serial number in
brackets is the login number of GenBank; The value at the branch represents the bootstrap value based on
1 000 resampling data sets; Scale 0.01 represents nucleotide divergence.
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3  HEHkBZ-8 F IAA Rt 71 (A)FRR TS BE 11(B) Y E T4 4650

P& A BEAEXT RE (+) 2% B 50 mg/L 1Y TAA

PRUEVE I 18 A FITEXT B ()3 A7 0.5 o/L (WA R LB K557 4E. 18 B FTEXS () LB Higrdt

Figure 3 Qualitative determination of IAA production (A) and phosphorus solubilization (B) by strain BZ-8.
Figure A positive control (+) is a standard solution of IAA with a concentration of 50 mg/L; Figure A
negative control (—) is LB medium containing 0.5 g/L tryptophan. Figure B negative control (—) is LB

medium only.

oM CAI RS . REAE . A2 IERE . ATk UE
. BRI B IR, 5 6 Pk
XF BZ-8 tE K EMRE . G55 B, DAZZ ZFHEME
kIR A B T E A BZ-8 A K (K SB). Z )G

4 LBIEFESHEK BZ-8 EMHAEARYHE
RZEMRHWESR

Figure 4  Differences in agronomic traits of
Atractylodes macrocephala seedlings with LB
medium and strain BZ-8 inoculation treatment.

u%%%{/ﬁj‘?@%ﬁ 5 %%T KH,PO4. Na,HPO,
MnSO4. CaCO;. NaCl FIFTHF IR 4055 ToHLER XF
Pk BZ-8 AE K52, kB LAFT I IR S 1 S e
HLER IS TR Ak BZ-8 A= K fe i (&l 5C).

PO T 3G SR e W i AR A IR TS I
IR . BE IR BRI IR pH . FE IR A 22 )
Wtk BZ-8 A K52, 451K, KA
T AR IS I X R AR BZ-8 AR
AR/, IR . JEFREEYIG pH. #2IK
B AL R R BZ-8 A KB B2 AR i
(K SD), itk BZ-8 MWiE BRI . PRIKES
IR pH ER 43 548 25-31 °C . 160-200 t/min |
6.5-7.5 Z A, K, 7EJ5%L17 Plackett-Burman
I, BLIEFRIES A KRR IR
A MG SR HEWIG pH 3 8 A5 [+ 471
Wikt
2.3.2  Plackett-Burman i 38 % i+ 125 R

KB O 4% R A% 3 (speed) . 357 5E pH.L #T
BEIR N (CeHsNasO7) N il i . B3 2 1 ik (tryptone)
WSINE . 2F B (beef extract) BN & . K5 IR
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3 b L ab
6F ¢ = & ab l I
T N
be
o d 61 = cd
Q 4r g = 4
= 3
4+
2 -
2 -
0
LB NB BPY NYD 0
@ @ @, AC X N
C 10 Anova, P<0.001 D)
—e— Culture temperature
a 12 —v— Shaker speed
8r __tl)__ be —— [nitial pH value of medium
= 1 & 1k —— Medium volume
e il e . ~ P
oL Proportion of seed liquid
g 10+ . X
S
4r g 9
Q
. gk
2 -
7' -
0 -
A& IS AO™ ~O> ~O» §

5 EMHBZSIEFEMUBERRRNIKER A ARIFFFENGE I BZ-8 A KRV, B: AfH Kk
PEXF Rk BZ-8 A K2 C: AFTCHLER XS Bk BZ-8 A K A 5200 D« AN [A) 5 % 2 8 X i Bk BZ-8
AR BRI . i Tukey 656 (P<0.05)%f BN 3K 5 22 /0 A 4 SR AT 55 Mo A, 8055 Al — - Bion T
25, ko WARA I SZ B % K KRR 0 Y 35 . LVI-LVS RR & R A RDKE, (655 %
W 25, 28, 31, 34 f137°C, FEIKHEH 140, 160, 180, 200 #1220 r/min, pH 6.0, 6.5, 7.0, 7.5 Fl
8.0, IEFEILBEWAL 25, 50, 75, 100 Al 125 mL, FHARFIFIEARAIE: 1. 2, 3. 4 f15mL

Figure 5 Single factor trial results for optimizing the medium of strain BZ-8. A: The effect of different
culture media on the growth of BZ-8. B: The effect of different carbon sources on the growth of BZ-8. C: The
effect of different inorganic salts on the growth of BZ-8. D: Differences in the effects of different culture
conditions on BZ-8. Results were analyzed using one-way ANOVA with Tukey test (P<0.05), and the same
letter after the number indicates no significant difference. %: The significance of the influence of various
factors on the growth of bacterial strains. LV1-LV5 represents the different levels of each factor, including
the cultivation temperature ranging 25, 28, 31, 34, and 37 °C, shaking speed 140, 160, 180, 200, and
220 r/min, pH 6.0, 6.5, 7.0, 7.5, and 8.0, liquid volume of the medium 25, 50, 75, 100, and 125 mL, and the
amount of inoculated seed liquid ranging 1, 2, 3, 4, and 5 mL.
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(temperature) . ¥ £} £ HU ) (yeast extract) %S /il
at, & 2 Ml (maltose) AR 8 MK, LABEAT
Box-Behnken i 55, Hrh C. F A1 J A 4 &

(R 2); IZEREMERER, 2T PH

/NTF0.05, FRIRFGHE . KEFR3E006 pH ARG R
FEFE25 8 5179, 51.90 F11 55.40, FnH i
FERR(E 3). UL, DARRIRE: | B3R5 G
pH ISR HEA T Box-Behnken #1112,

2 HOASRTRERER

Table 2 Center combination design test and results

45 KW pH  C FPERMN BEAK F O 4WH RE J BERHEIY  EZEFHE ODggo

No.  Speed CeéHsNasO;  Tryptone Beef Temperature Yeast extract Maltose
extract

1 -1 -1 1 -1 1 1 -1 1 1 1 -1 8.99

2 1 1 -1 -1 -1 1 -1 1 1 -1 1 1.21

3 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 9.13

4 -1 1 1 1 -1 -1 -1 1 -1 1 1 1.03

5 1 1 -1 1 1 1 -1 -1 -1 1 -1 6.42

6 1 -1 1 1 1 -1 -1 -1 1 -1 1 431

7 1 -1 1 1 -1 1 1 1 -1 -1 -1 5.12

8 1 -1 -1 -1 1 -1 1 1 -1 1 1 3.03

9 -1 1 1 -1 1 1 1 -1 -1 -1 1 8.01

10 -1 1 -1 1 1 -1 1 1 1 -1 -1 3.41

11 -1 -1 -1 1 -1 1 1 -1 1 1 1 10.62

12 1 1 1 -1 -1 -1 1 -1 1 1 -1 3.01

C. F A I o4

C, F and J are fictional variables.

%< 3 Plackett-Burman RIEFZERZ M DT

Table 3  Analysis of variance significance of Plackett-Burman test

i 2K S5 A H X5 F i P& i #HE

Source Sum of squares df Mean square F value P value Significance

7 Model 114.040 0 9 12.670 0 24.060 0 0.040 5 Significant

Speed 27.270 0 1 27.270 0 51.790 0 0.018 8 *

pH 27.3300 1 27.3300 51.900 0 0.018 7 *

CsHsNasO- 0.508 4 1 0.508 4 0.965 4 0.429 4

Tryptone 1.370 0 1 1.370 0 2.600 0 0.248 5

Beef extract 0.3710 1 0.371 0 0.704 5 0.489 6

Temperature 29.170 0 1 29.170 0 55.400 0 0.017 6 *

Yeast extract 0.304 0 1 0.304 0 0.577 3 0.526 7

Maltose 5.160 0 1 5.160 0 9.800 0 0.088 7

5% 2% Residual 1.050 0 2 0.526 6

JF Cor total 115.090 0 11

ko RPTERRAR A R Y 3 N T

% : The three factors with the highest significant impact on the growth of the strain.
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2.3.3 Box-Behnken iK1 i& 3T #1445

1L B Box-Behnken .00 2H G356 17 4H,
RIS IR SRR . BRI pH AR IR
M Z [N PR BZ-8 A KIS IN (R 4).
OGRS ARG i BoR, BRI
{E F {8 95.39, P<0.05 (% 5), RWIZR
AP K 6 MR FRIENIG pH RIRE IR
) $EFEPIGG pH MG Z[H] . R
JE RN R % 3 2 [B) Ay e )07 TRT ST . i design
expert 13.0 24X} Box-Behnken i 55 2% 43 #r
Ry, ZERERIHEE R MR BZ-8 AR S5 s
FRUIREE 30.4 °C, FEFRHEWILG pH 7.01, FEIKF:
180 r/min, ZIIE, LA, Wik BZ-8
A KA ODggo AT iA R 13.5, M FLALETHY 6.5
RIT 208%, HH BEFMRALD

x4 PLASRITRERER

Table 4 Center combination design test and results

Ay R pH T R ODggo
Group Temperature Shaking
O speed (r/min)

1 31 7.0 180 10.31
2 31 8.0 140 7.10
3 31 7.0 180 10.51
4 25 6.0 180 7.43
5 31 7.0 180 10.59
6 37 7.0 220 6.41
7 31 6.0 140 5.90
8 31 8.0 220 6.12
9 31 7.0 180 10.61
10 37 8.0 180 5.03
11 31 7.0 180 10.24
12 25 8.0 180 7.25
13 37 6.0 180 5.93
14 25 7.0 220 8.58
15 31 6.0 220 8.70
16 25 7.0 140 6.90
17 37 7.0 140 6.90

x5 FOESRITAESET S

Table 5 Statistical analysis of the center combination

design test

g2 3 SEA AmE ¥y FE PE

Source Sum of df Mean F value P value
squares square

KT Model  58.0900 9 6.4500 9539 <0.000 1

A: Temperature 4.3400 1 43400 64.09 <0.000 1

B: pH 0.756 4 1 0.7564 11.18 0.0124

C: Speed 1.1300 1 1.1300 16.74 0.004 6

AB 0.1296 1 0.1296 192  0.2089

AC 1.1800 1 1.1800 17.40 0.0042

BC 3.5700 1 3.5700 52.79  0.000 2

A 152000 1 15.200 0 224.58 <0.000 1

B’ 19.3200 1 19.320 0 285.57 <0.000 1

c? 77300 1 77300 11421 <0.000 1

B2 04737 7 0.067 7

Residual

A 03612 3 0.1204 428  0.0970

Lack of fit

LR 0.1125 4 0.028 1

Pure error

SR 58.5700 16

Cor total

3 W54 #®

HHT, BF0E XA 4 R I 2 HCk A
M, XA N IR ) RIS AFAEAR R B4R
RSN, X TAEY S, NI 2RO
FARBAL N R, TR R AIREE
RO A B A KR E AN AT ) A
Yy, N, FEXT NIRRT K, T sE s
AT BEER ST A OLH, XX T IF A iz e
HE AN TR R A R AR R AR IR 2k
P A XA B B BE Y . Ye 450
MR R N 2 B ARATAS T B AR A, XL
A=y el Lk ek 22 FO S i AR A R Kk
B RRARE A RERER AR
VRPN 5 28 ST e R B R s S R
HRZ RGP LS. AT AARAKAN
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6 IEFENK pH. EXRZERMIBFBEENEK BZ-8 EXFWMMIMEZEE A HFREWH pH
SR IR R b BZ-8 /K REHO. B: HEFRIEIG pH 5 BRI A TR BZ-8 A BB, C: B
I i BE -5 BE R 3O T bk BZ-8 AR K A5

Figure 6 Response surface diagram of the effects of initial pH of the medium, shaking speed, and
cultivation temperature on strain BZ-8 growth. A: The effects of initial pH of the medium and shaking speed
on the growth of strain BZ-8. B: The effects of initial pH of the medium and cultivation temperature on the

growth of strain BZ-8. C: The effects of cultivation temperature and shaking speed on the growth of strain
BZ-8.

Iy B — RN E R BZ-8, St EEFENT L. AV T, T BZ-8 HAT BT R fR B AL TAA BT,
A A AR ST . 16S tRNA ZERES 08, XA B B M A1 F o 3T L Tan 260
B LR S MR VD TR G TR . 4505 Li 40 B AR e BE 5o B BRI, ARE
B B IR DY 7 B AR ARG B D R TR — LA SRR B AR SC QTR JE S, TR RE BZ-8 LA
., H L SR IO & REXT AR W B RE ) AR 0 A RE
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M 4R ARBFFELL ODgoo MIEFR, i1t BA[K
ORI S 1 TR, X RR BZ-8 MR EERE
IR R SR AT T AL, Ptk s i Ko7 2k
WO Je RS M (g/L): F2 260 5.0, 4
3.0, BERHEELY) 5.0, R 10.0, FFER
B 5.0, B3R 501G pH 7.01, BEFRIR B 30.4 °C,
FEIREE 180 r/min. AT ULALHET, itk BZ-8
K T 208%0 X A P TR AR P4t A

2H

BRI R T H AR LE N EBUEY)

WFFE T R BT IR, [ ity ik — 25 T % 24 Fl AR
YA = i A ARSI T — 5 A B AR
S Ao
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