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B E AT L2 LR GERBAABMER. BALAEEMYEAERIRFIA. [B4]
MBS £ 2+ R R E ik — Rk B AT R A 69 2R AEH MC29, VAEHAREAE A 2K
A K. [7%]) @i 16S rRNA A B 57| A2 i AT 52, RARSEMRAZHREIIEEA
MRERRE . RARDRLIERASORIAXRE, FAFEATBAMRORELEKRA TSR TR
(indole-3-acetic acid, IAA)Z#F; KA @ H 4K 4 & % L& & (green fluorescent protein, GFP) 2k
B$ANBA e, +idid PCR WIS R kT, [£R] 2B HANERRABLE LS
4 A 4F Y4 4m ) (Cellulosimicrobium cellulans). % & #k MC29 # F & 4 4 & (carboxymethyl
cellulose, CMC)B2 7% 7T i 13.32 U/mL, /* IAA =% 8.63 mg/L. H5xfBAALL, 8 & MC29 &/
B MRE L ZER G 24.8%; E K soil and plant analyzer development (SPAD)E. #itrE €. R EAH
BARKIANREG 7.6%. 21.3%. 30.9%F 18.3%; FTMEBMERLELFRSG 68.1%, LIk
B b3 AT A B 5 AR S 5.8% % 6.0%. B MC29 2 A& K &4 4 pH 7.0, 252 % 4 25/250 mL.
BRI A F T RORABEEA, AT TAA 84 pH 7.0. & Z A 50/250 mL. BB A RAE.
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FUR A FEBRAT; MRIAMIER BAFICEH R MC29-GFP, HFiEHiEFINLBAHN LE L 15dE7HAE
%) 2.8x10°-9.5x10° copies/g. L4561 PTifik a9 4F AL Sk dm ) MC29 *F THFH L2 LXK 5 %)
RARATIRB AN . MAEDARGAFNBARAESD =0 —LORREL, FAHARRAELESEEZ L
o 4 52 R L R 3 8 A s
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Isolation and identification of a maize growth-promoting
bacterial strain with straw-decomposing capacity and
optimization of fermentation conditions
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Abstract: [Background] Shajiang black soil is characterized by heavy texture, poor structure,

and low fertility. The long-term straw returning in the area with Shajiang black soil leads to

stunted growing of crops and slow straw decomposition. [Objective] To accelerate straw
decomposition and increase crop yield, we screened a strain producing both carboxymethyl
cellulase (CMCase) and indoleacetic acid (IAA) from Shajiang black soil. [Methods] The strain
was identified based on physiological and biochemical properties and 16S rRNA gene sequence
analysis. Shake flask of straw decomposition and maize pot experiments were carried out to
verify the straw-decomposing, growth-promoting, and soil-improving effects of the strain.

Single factor tests were then carried out to optimize the conditions for strain growth and TAA

production. Green fluorescent protein (GFP) gene was introduced into the strain cells by

electroporation and verified by PCR combined with agarose gel electrophoresis. The
colonization rate was determined by fluorescence quantitative experiment. [Results] The
straw-decomposing and maize growth-promoting strain was screened out and named as MC29,

which belonged to Cellulosimicrobium cellulans. 1t presented the CMCase activity of 13.32 U/mL

and the TAA production of 8.63 mg/L. Compared with the control, the application of MC29

increased the straw decomposition rate by 24.8% and the soil and plant analyzer development

(SPAD) value, total plant weight, root surface area, and root length of maize by 7.6%, 21.3%,

30.9%, and 18.3%, respectively. Furthermore, the strain increased the soil available nitrogen,

available phosphorus, and available potassium by 68.1%, 5.8%, and 6.0%, respectively. The

optimum growth conditions of strain MC29 were pH 7.0, liquid-loading volume of 25/250 mL,

maltose as carbon source, and yeast powder as nitrogen source, while the optimum conditions
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for IAA production were pH 7.0, liquid-loading volume 50/250 mL, fructose as carbon source,
and potassium nitrate as nitrogen source. The strain MC29-GFP was successfully constructed,
which showed the colonization amount of 2.8x10° to 9.5x10° copies/g 15 days after inoculation
in the Shajiang black soil, demonstrating good colonization ability. [Conclusion] C. cellulans
MC29 has the ability of decomposing straw and promoting maize growth, which plays a role in
the development of multifunctional straw-decomposing agent and microbial fertilizer and the
yield improvement of maize. The good and stable colonization ability lays a foundation for the
practical application of strain MC29 in Shajiang black soil.

Keywords: Cellulosimicrobium cellulans; maize growth-promoting effect; straw decomposing; soil

amelioration; optimization of fermentation conditions; green fluorescent protein

T DR T [ B B AR i, R
ER. BfrpimFml, By —friz
OMAE T HE DAY SR 8 FUBOM AN E | 45
P22 KB T3 A & B R AR T2 X R AE VR )
A A A AR B AR IE Tl & J R b g
IRASFIR AL, AR RXIREFT AT SR B8 I, il
AR AT G5 BN A 0 96 i DX Al 2 5 %
JR XA RS EHEE FUR— R 20 FIfE
SERRIAITT A, B BRBEE . IR S
() ALl 2% Ml DA A BRI Ak, 2 DX I
MR 2 0 DR, ey i bR i v e DR A A
i AR A A PR T A L T Ok iR 2B
figh R 1 [ A

R - LW I EA R S SN S A B % NIl
R, RS, ARRETEMERC. 5
BRI, SR HEFT r (8 ME RS At 18 207 17 s
JEEFFE . AT RO RS FER AU T LR
KM Z (2745 N H B DXl 8 e A AT
T PR TR PR REAT 280 S SR ol A ) AR KU, 3 5t
RO, T Lz i, 05
AP L W it DX AR it - 38 v 0 16 75 38 2F 4 3K e
iR X-7 A AU N-8, BLA it S 7E 58 M 1
WA R A R, IR AR B R 5 P . 2R
T, T DAY R b R b2 R, %R L
JRHbREE | SRR ZE HANUBUN AR, FZaE st

VA 65 FF B it PR A A L J g 222
I, MDA rh gt HF ARG AT RS ik T R B T 4
T AT BT HH () 0 PR, HE 30 DS A1 98 5 4
FIH

FE WA A TR T 38 3 43 A 2R TR A AR 2R
K B[R] B SR FHA R BT v, JF B3 1 g v
R RS R OUR  RTIR A REY,
N5 2, 182 (indole-3-acetic acid, TAAE WYL
TR T W) — R A KR AU A A
Tk, WEEXHEY A KRBT ERT, 2=
ACR NG | TSGR L P ik i &2
PRATT™ TAA LA, JFARBHXSF . /N2
FAEY IR AER B2, BHA RIFMARIER A
1o SR, EATHEACHT | {225 DhRE BRI L 1
W HRE AR UL . R, FERD 228 4 XIF Rk
B A D) RE )5 FT 8 i 11 R i 328 B o T RICR 1Y
R EAELEE L,

HART R IE, TESHREE SLbr i s
o W LA PR ) 5 BB K oy A R L B
S 27052 63 11 (green fluorescent protein, GFP)
PRICH AR A EAERE | SO0 . Rl R s
FE, BETZNH A Aol SR,
fn, iSRS EhRIC I Bam22-GFP
DARFE AR H B T RE TT o IR, AR N
F I AT b 22 28 - A FH v 43 25 4 ) B 4
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WAZT A 2R 5 A T RIS e £ TR ) 200 T, AR IR AT
fitp AP0 5 K Z A 1K 6 0 T TR R ) S PR e S ke 2 g
T3, BT G 18 2 R R R R, X TR R R A
HER B AR FEATIRTT , FF GFP L [H 3 ARk L
TFI g s, LUy B A IX £
Iy RE v SOR AT 181 770 A BIF & i A FR e A AR
SCHRF, oA T M DR T 9 90 g M) AR 1A 2
e

P

1.1 #8
1.1.1 #&

T ERFE AR IE T2 B S B RO R
TR FE XA AR AR RIS /N X b 22 R 4
FUNZFREFE, T L3 3R 00 A6 S 7 T fidf 1k
¥y, Hoh H3E R 20 om AR ROEEE 195, AL
5 12.5 g/kg, 424,091 g/kg, AU 20.83 mg/kg,
WA 148.3 mg/kg, pH 7.4-8.2, EXKFh1 M1
Y WS 50 9587, I F TR ZAk it A 156

JRAZ IR AR pET-21a ARSI = /AT, #5
W N BRI S G5 E 3N GFP,
1.1.2 EHFE

LB Bigd . MR R
B3RS BOSCR[19]BE )

SOC K H(g/L): HiAIbE 3.6, BELHEEH
5.0, JHEEE M 20.0, NaCl0.5, KC10.19, NaOH
¥ pH £ 7.0, T 1x10° Pa &M F & EZERK
P 20 min, fHFETINA KE K MgClL &)
0.005 mL,,

1.1.3  FZERFIFLEE

AP HE 2] DNA #2800 &, RigsEd
YRR A A Bk G . PCR 7™
Pratifb iAo, b 65 RAR A E AR AR A
A3 PCR Y, A TAY TRECEE) R AR
Fl; 16S rRNA JE[H R B34 B FH i 45 Bl it |

R LT YER

dNTPs . 10xEx Taq buffer &5, TaKaRa 2\ 7] ;
ARG R 7 e pfr i, FLE0L, IR K
VMBS DML A PR R PCR AL, AN
BB EAER A BR A Al 5 WURRE I R IRA | A AR
BAL, AU B AR T Ik A IRA F; 5OtE
it PCRAX, HuMi# H R RA A,
1.2 A&
1.2.1 EHBSE. it

W TSRS 2 mm TiifS, FREC10 g T
250 mL =i, IMATJGREZK 90 mL, 28 °C,
150 r/min ¥R 5555 30 min, HE 15 min, B>
IR RZE 0.1 mg/L, WA%AIT LB F
W5, TE(30+2) °CIELMBRIG TR B bk, JFilf
— P alifl A Y R AR RE DD 38 ) P A BT R
YR RGFRIE B KN E R
122 HHHIERE

21 T TE 25 2 5 5 RN A B AR AR R A 9T 2
% (IAZRANTE %2 THECR 8 W) ) PR o W4
W RS ETE) B2, AT LN 41 DNA AR HL
% 16S rRNA FEK 434 iy b1 3635 A= Wy R 2 B4
A B2 FISERE, 5 Bl 7 5 4 NCBI $icH 4 itk
17 BLAST # & [W] I /¥ 51 # 47 Hoxd, i &
MEGA-X B RGLER, G5
A BRA AR 2 TR AR RN
1.2.3 B E #F 4 3 (carboxymethyl cellulose,
CMO)EF N E

WA T LB WikRi sk, 36 °C,
200 r/min YE%EFF 8 h, B 1 mL A LI B KFEFF
K R ME— BRI RS FR 597 60 h, 4 °C.
5000 r/min®&.0> 10 min. B 0.2 mL F3EW, 0
A 1.8 mL 1% CMC-Na ¥ T 50 °C/K i 30 min,
JIA DNS &5 3.0 mL, #/K¥% 5 min, RH)5
M2 SR ODsy Y,
1.24 TAA ZENE

W RF R T 5A L-A2 R (100 mg/L)W)
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LB WARREFE 5L, 36 °C. 200 r/min #E 7 1555 24 h,
BRI T 5 000 r/min B0 10 min, B FIEHK
TIAZERFY Salkowski oA, 28 G &
30 min, 5E HIEIEEE ODs30*),
1.2.5 WK REEE

FEFF RS IR 15 2 AN Ab B, HeFp b B
(MC29): [a] =i 3R 10 mL % MC29 H ;
X RRALF(CK): 1] = AP A G AR ZETRK
TR RECE 3 41T, TR TS bR 36 °C.
200 r/min }55% 48 h, #F0 TICE7KH 5 000 r/min
B0 10 min {3 A F] 10° CFU/mL, ¥/
FEFFR IR0, FREL S ¢ F 250 mL =i,
IIATJCHIZK 30 mL, AHPEREN 2 g, WK 10 mL,
SRR T 28 °C., 120 r/min £F FIEIRIR
AR 15 d e =28 it ug, 28K RE
WAk, 80 CHtTEIHE, W R ILFIET
JE AT MRS AR AR T E o, R AT R
REHRIEP,
1.2.6 EHEEREBEYR

Tk AR S E 2 AR, A B
(MC29): T[] +3E RN 10 mL & MC29 FK ;
X BEALF(CK) ;] -3 i A SRR FRZE IR K
X E 5 417, FiSEH 0.1%/) HeCl, %
TR T K AD T KB 10 min, JCE 221K ik
3, WLEBALBRIEMAS, B4 5 mm
fLARGE, MRSt 5 kg PR R LT
FERD 10 mL, FEIRY 3885 /K 0 2 H RlRE K R Y
60%, FREEIEFD 5B E KT, 49 d JFHUE. £
K SPAD B3 FH 4 2% 0 7 4SO 7 5 bk A o FH
H 32— R E 5 FORAR R AR AR
R ERASGRBUAA R 9 HR G 00 2 2
1.2.7 WHRBIEK R IAA FHMK

FUPUE R E ARG pH (4.0, 5.0, 6.0,
7.0, 8.0, 9.0 Fl 10.0), 2 (25, 50, 75. 100,
150/250 mL). BRUSCEIZGHE . HEmE . HEfE . 22

2. FURE . SRBEFIARKE M AR (R R . R
B THMREE . BERRRY . AERR . IREFEAR).
Biil 50 mL LB AR FREE(E 100 mg/L L-fA%4
B2) T 250 mL = fAfih, %8 1% (R0 3E
FiEERE, FHER 30 °C, 180 r/min 155% 24 h J5ill
JE MR AE L(ODgoo) 7™ TAA EJJ(ODs30),
REHE 3 AN EEPL
1.2.8 TIEEMRNE

- S R T R R SR R
225 SChR261 7 il e, b 430 i 2R
R i, IR R R IR S ANk, 13

AR A KGR
129 EE#ESLETFE
BRI 5 K ek 2 2% R v T

ik, M AR S N AR R
FHIIJCE 1.5 mL B0, A 900 uL SOC
Rigi e, MAJEIR 36 °C. 200 r/min R
1h, F 3500 r/min &.0> 15 min J5 75 35,
PRV RRERE)T, AR (20 mg/L) A,
36 CHiFRA T EIRK IR . PCR BESHEME1E
285 JEIN4] DNA KN 5L 20 DNA
PR S PR BUS ME R T PCR 974, &
210 4 Hrp Y 34598 T7-F (5-TAATACGAC
TCACTATAGGG-3")Fl T7-R (5'-TGCTAGTTAT
TGCTCAGCGG-3'), PAJGHH K AE M B X HE
PCR Je WK &R (20 pL): 2xEx Tag MasterMix
10 uL, F. FH#ZIP(10 pmol/L)#% 0.8 pL, #
#Z 2 pL, RNase free ddH,O 6.4 pL., PCR JZ v 5%
4. 94 °C 2 min; 94 °C 30's, 54/57°C 30's, 72 °C
60 s, 35 MMEFF, HL 10 uL PCR ¥ #7211 1%
TR REBH BRI HE VKA ARSI
1.2.10 EHREIERENNE

] RSB 22 A AR R YR E (6 7h)
hEERD 5 mL & MC29-GFP & V%W (M &N
1.0x10° CFU/mL), 15 d JoX} k7 RAeE,
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HRAE 3R, g HIRFEA IR T80 °CIRAT,
WA E MC29-GFP W EFARE J1 o BRI Pk A o
HII 5E 7 F K BHAE 5
1.3 HIELE

% F Microsoft Excel 2019 F1 SPSS 17.0 Z5%%
PR PR , SR Origin 9.0 B 4: HE4 T4 B 43 #7 o

2 ZEREQM

21 BEMHPBIFIESER

MAIAFEFFA HAD 22 A+ b 4 BRRSFT
A MC6, MC29, MC41 Fll MC43, @i 5R
HISELTLE RN FRIEM Salkowski HLEIEWIA S

>

25
2 20F @
S 1
2 15 b b
e . - :
5
Nlo_
Q
3
> 57
O
0

MC6 MC29 MC41 MC43

Strain

FES CMC BT TAA BEJ1(E 1), HrP bk MC29
MMURER £ CMC B, 15710 1332 U/mL (&
1A), e H ™ TAA B 7, W BE T ik 8.63 mg/L (A
1B), MRk MC6. MC41 F1 MC43 #4175 IAA 1
PR RO ER bR MC29 HETH5E , IEIT RS
FF 65 A0 A 2 G
22 BEHRMC2IMES. £BALRIERK
ER N

XF R MC29 BT & A TIES , KL T5 3R
DG . W, SRS, R, AHNHES
H LA (E 2A) . B ARZ AR, TCHEE (]
2B). Xk MC29 HEATA AR AL BT R B,

B
10
a
8 L
)
2 o
5 o4t
=}
5
< 2f
< . b b b
MC6 MC29 MC41 MC43
Strain

1 FEIE#™ CMC Bg(A)F0 IAA B)RES KR A[/ING TR/ 25 57 .35 (P<0.05), T

Figure 1

The activity of CMC enzyme (A) and IAA (B) synthesis of different strain. Different lowercase

letters represent significant differences of different strains (P<0.05), the same below.

2 HEHkMC29 BEESAREZRFEEE®B) (1000x)
Figure 2 The colony morphology (A) and Gram staining (B) of strain MC29 (1 000x).
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MC29 2 [RBHYER, HHEEZLN . Bl R1 E#k MC29 £BE M4

WA | MRS | R T B o 1 Table 1. . The physwlogwal and biochemical
characteristics of strain MC29

FRPE, T V-P IR . SRR . AR R

Items Results
AR A R PE, IR A R rh i8] Eemge +
HAMMERAHGEE 1) KRk MC29 /) 16S Sﬂr;n;ﬁs;zimng )

rRNA 3E[H 751 /E NCBT B0 FE /T BLAST  Methyl red reaction
HRFERF S, IR MEGA-X #yit Ry VPRl _
BRI IHIR . W 3 PR, HiB MC20 e No
5 2F 4 fb £ 4k 5L M & (Cellulosimicrobium Flzj»fg\ellum or not
cellulans)FARIMER =, 53] 99%LL b R, fﬁﬁ(fjdmlysjs _
AR A AL RE S 2 A BT AR IEZE L, ATLL Fremdh A -

s /THI:Z’ % Hﬁ MC29 ﬁ\j éT‘ éﬁf ’Hﬁ é$ Zﬁ @% 2&] % Utilization of Citrate .

B e Ak
(Cellulosimicrobium cellulans). Gelatin liquefaction
2.3 Btk MC29 HIFEFRIG RS AN JHLICR |
- o Aerobic test Facultative anaerobic
HER 2 AL, SRR R, 2R s +

BERE MC29 1/NEFEFF 15 d IS i Rk 5 12.18%, C;taljge;;_jt
. . — e THERER R +
BWAREEMIEE T 24.8%, Hidid CMC BEE I E

Nitrate reduction

{WM%F{E%] 13.32 U/mL, +: Positive; —: Negative.

MC29 (ON629814.1)

98
Cellulosimicrobium cellulans strain ORNL-0100 (NZCP072387.1)

98
Isoptericola chiayiensis strain KCTC 19740 (NZJABEZT010000015.1)
98 038 | . . .
Promicromonospora panici isolate Promicromonospora sp. PT9 (NZUWYY01000052.1)
Cellulomonas composti strain NBRC 100758 (NZBJWG01000025.1)

Actinotalea fermentans strain NBRC 105374 (NZBJYK01000001.1)
99 — Intrasporangium chromatireducens Q5-1 NZAWQS01000147.1)
98 L Terrabacter tumescens strain JCM 1365 (NZBMNZ01000017.1)

—
0.010

B3 EHk MC29 EF 16S rRNA EEFIMENRZLEN H5NTF5H GenBank BT ; /X
FEREHRAR bootstrap MY SCFRA; ARRZIE 0.010 FURIFHNFALH 733022 R K E
Figure 3 Phylogenetic tree of strain MC29 based on 16S rRNA gene sequences by adjacency method.

GenBank accession No. are set in parentheses; Numbers on the branch points represent the support percentages
of bootstrap; Scale 0.010 represents 1% nucleotide difference.
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R2 EMES MC29 MIEFFIE BN
Table 2 Effects of inoculated strain MC29 on straw

decomposition

Jb 3 JE& fif 5 CMC i P4

Treatment Decomposition rate CMC enzyme activity
(%) (U/mL)

CK 9.76+0.90 0

MC29 12.18+0.60* 13.32+0.40

CK fHARIEF R MC29, MC29 #HiZF bk MC29; *:

P<0.05, T

CK refers to uninoculated strain MC29, MC29 refers to
inoculated strain MC29; *: P<0.05, the same below.

2.4 EHk MC29 By E K{BERE

AR 3 AT, JE = ORI R
R MC29 %80 585 TAA 7=z 4 8.63 mg/L;
EIRER R AR MC29 HEL, FORAE R AR R PER
SRS 3 B 5 0 , Hirp SPAD i fE R
SV MR 05 42.30, 6.26 g
166.80 cm® Fl 27.80 cm, 43 B4 7.6%. 21.3%.
30.9%F1 18.3%. [R] B XFHHVE L3 AH AR Y8
FOCRIATINE , S5 RRVHER R MC29 9+
S RGN HB AR B R B AR, 14 3] 32.89 mg/kg,
AR T X B i 2 455 68.1% (P<0.05); -1k
RSl 22.76 mg/kg, AT R4 $E
5.8%; TIEHAH S ECN 159.00 mg/kg, BN
RS 6.0%.
2.5 EHE MC29 A K K™= IAA &L

Hi & 4 P, FEANIR] pH AR & 254 T 1

PR MC29 A=K I TAA SR E . Wkt
Kbl pH 2 BET G RER G, TR 2
T REaH, £ pHE R 7.0 BB &K 25 mL/
250 mL B R, HPk TAA 7 ihE pH i )%
BV TR IR RIS TH SRR AR, il pH
M 7.0, TAA FEEA[IK 12.33 mg/L, HodE 2SR
#8450 mL/250 mL, IAA J=& 73k 21.91 mg/L.
&5 AT, AN [R5 RN 2 50T R PR MC29
KK TAA PR BB 2= R, TEAH
BRIRSETT, Wkk MC29 Xf gkt . H g, it
Wi 222 L. B RBESYRTRISORI T,
A e S A A T THI 27 208 S DL T LA
TEAR™ TAA J5 TR 0 2 i T HAb AR IR Ti7E
ARVEIRAMET b MC29 7F K R e R R 1
FRAMET B T A 6 FPREIE, AN AR Xt
IAA P HAEHT R .
2.6 GFP fRiCEk MC29 BIHME 5N EE
TR AR MC29 ZERD 2 28 - rh 1 704 S e
FEARAE , AT GFP JE K 1 pET-21a kLS
ARG, Bk MC29 H THA B R A
T4 & (ampicillin, Amp)Hith, 1 pET-21a ki H
A Amp HrPEEEH, MLl fS (TR R MC29 RETE
Amp PR AT TG 6A), FItATHIE
Y GFP BER IR, dridh MC29-GFP., %t
PR S5 1 DNA #7828, {1 pET-21a JiTk:

R3 EMEKR MC29 M EREEMTIFBUMERAIZNT

Table 3  Effects of inoculated strain MC29 on maize growth and soil physical and chemical properties

Ab 3 TRA AR

Treatment Corn growth condition

- HERRAEE

Physical and chemical properties of soil

IR AXTIERER Mtk B E  RH K IR A L e U Gl
g i Total Surface Root Soil alkali- Soil available Soil available
IAA value SPAD weight of  area length hydrolytic ~ phosphorus potassium
(mg/L) plant (g)  (cm?) (cm) nitrogen (mg/kg) (mg/kg)
(mg/kg)
CK 0 39.30+0.64 5.16+0.59 127.40+11.00 23.50+2.29 19.56+4.11 21.52+0.55 150.00+3.54
MC29 8.63£0.05 42.30+1.78" 6.26£0.56* 166.80£17.80* 27.80+4.21%  32.89+1.78% 22.76+0.49% 159.00+6.52*
*: P<0.05.
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A C D
Ca S | —_
0.8¢ b 125 a %}22.
E 120} b £20
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4 A[E pH MRS EK MC29 HK K IAA BIFM A pH XFE Rk MC29 A K52, B: %
WX AR MC29 A K952, C: pH X TEAK MC29 77 TAA B2, D B XT HE Ak MC29 77 TIAA ()
. ARG FREORA A B 257 (P<0.05), T

Figure 4 Effects of pH and liquid volume on the growth and IAA production of strain MC29. A: Effect of pH
on strain MC29 growth. B: Effect of liquid volume on strain MC29 growth. C: Effect of pH on IAA production

by strain MC29. D: Effect of liquid volume on IAA production by strain MC29). Different lowercase letters
represent significant differences of different strains (P<0.05), the same below.
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TEXT TR MC29 AE KA. C: BRUEXS AR MC29 7 TAA HYSEI. D: AP TE Bk MC29 7 TAA (5211
Figure 5 Effects of different carbon and nitrogen sources on the growth and IAA production of strain MC29. A:

Effects of carbon sources on strain MC29 growth. B: Effect of nitrogen sources on strain MC29 growth. C: Effect of
carbon sources on IAA production by strain MC29. D: Effect of nitrogen sources on IAA production by strain MC29.
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6 MC29-GFP B 4551235 (A)F1 PCR F=4)IR BE ¥E £EF% B2 5k Bl (B)

fr#2H DNA

Annealing at 54 °C

Annealing at 57 °C

B 12345678910 + —  bp

1000

1000

1-10 SRR MC29-GFP

Figure 6 Cultivation of MC29-GFP based on electric shock (A) and agarose gel electrophoresis of PCR
products (B). Samples 1 to 10 in Figure B represent DNA extracted from MC29-GFP.

S [P T PCR %52, 714 H24 1 000 bp
57 (B 6B), HA5 BHMXTREA/INTR], i BH
X RTCY g 25 th B, FRRERP] pET-21a BTk Al
ik A MC29 #ififarr, fif GFP B IEH Kk
2.7 MC29-GFP fE#yZE 2 + P B EFE fE
Xt A MC29-GFP [ 74% 31 R A
MERBK e e, HE 7 /TA, BHE
MC29-GFP 7Ef> 22 5 4 b HA i 1) e i A
15 d SEFH R AN 2.8x10°-9.5%10° copies/g.

b
’—g—‘ ﬂ
s 6
7 MC29-GFP ERWEZEE TR EEENE

Figure 7 Determination of colonization of
MC29-GFP in lime concretion black soil.

1.2x106 a

1.0x10° F
8.0x10°

b b
6.0x10° |
4.0x10° - c
2.0x10° -
00 1 1 1 1
1 2 3 4

Sample

MC29-GFP (copies/g)

3 itk
3.1 H#k MC29 XfFEFTPERE. EREAKTA
TIEF D HIENT

I A EAE I R AT T A 1, S [R) TR AR L
Tl ARG R 8 T 7 o X A A B S R (H
AN [ FH V) A 5 85 i sk SR A7 e i 25 22 7 PO,
S, DA H bR A 38 P R R TS A BT AR
S5 2 T OB R AN AT AT AT RS
FFIA (4 0 2% B8 - v i 28 HE — AR 4T 4 fb 2F 2 7k
gipE, H CMC BREERF] 13.32 U/mL, @bk
G 15 d FEFFIE 2R R 12.18%, AHEL T FE#F
F 9K 6 A B S HR T 24.8%., FH UMY 25021 AL+
ik PR QER R, CMC BTSN
4.653 U/mL; T 55 %N 554 Rk s 458
T i - 498 0 2 M — Rk S AR R R TR, CMIC
fifi% h 8.47 U/mL. Xf BT R, Bk MC29
HA K™ CMC Mife ), BHMEAKEA R
TP AORSFEIS ARASCR , AT sk 25 B8 4 i (X (R R FF
JEEff o TRlES, ASFSE & BB R MC29 [R] B oK
Mk B A LA ThBE, TAA B3I 8.63 mg/L.
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SEA SR BRI I L B, i FE R MC29
Jo B A T FRAE A 0 el , B A
AR ) 2 B 34 i 2 3R T . Zhang S0 e A5 51
IAA AR SQRY, Jiti HJG F KM FIAR R AR 43
WG 33%—49%F1 29%—59%, THASHFFE T LY
MC29 X 7 K AR 2 T BRI AR K A9 02 A 35 R Al
30.9%F1 18.3%, AJREAETAFN Y2 7 2 BUE AR L
RIOARR, FDER RS ERAEZ,
SRR R AR A ROR . BERGESED I, %
S PR RO S A i s DA DG, T
WAL . i EERE A R AL, AR 158 rh
MR S E S RAERTRUEDEYE . 22 R
B UFHE AT, I FLAS S A 39 rp sl lomls . s i
S0 R G R RS AR A R A, T A
TR . B LB AT AT, TRRR B4R AR IR
T A BRI R 4 1A O DL R AR B B
X543 R R A BEATPEA],  [R) B it FH B ik MC29
Je & A R E A A WL RS, R —
AT
3.2 Eik MC29 RYAE TR IAA REH R
FIF LB 5975 | TOHLER R 73 I s AR 1 9%
XD 22 B8 A b X A A BRI TR , PO
FAE AT AR | s RIS, IR T
b A= 7= Ry BRI BRI RO A 5T 6 B AR
MC29 K™ TAA ST 8T, 45K
R MC29 7£ pH 7.0 B AR KRS Hedd:, Uil A
Pk MC29 A= K il pH 78 PERTET, REAS 44T 1y
NP2 pH 6.32 BYIREE . TERBESRMET,
B R FE S 5 ) TR R A R e R TR A R GE R
FEEEPY, AT R XT R R MC29
N 2, Bl ke i o 25 mL/250 mL, i
77 TAA EJIAE 50 mL/250 mL B ik # 5 KfE , %
5 RSP s g R —8, HIR N RE R
Pk MC29 Syt PR, Bk T (A 5 4
BEAR, AFTFREbRe AR AR50 & BLAE R

MC29 A K I BRI 22 250, FedE AU o e Bk
¥ 77 TAA BAEBRIE AN, RAAERE YR
B RO EEAEONRGE , (R A AR K O TAA
TRIE M, X SARMFSE A SRS, 5 R AT fE
i MC29 Fe B A FEFFREARRE T, RASFERE A4
A SRR PR, MR Ok R R A L sk
AHE SRS, A A T A K R A
Bl wedE” TAA R NEEERR, X 5ARDR
G — HEHREY], 4eber deiidn i
(Cellulosimicrobium cellulans)B 7= CMC i 1
IAA FITFPEYIRIE SR A4, i8] Zr Wb A 2T 4
FOK RN T ORFEFT A0 AR W 2250, itk 2
AR, LIU 254 1 AN ]k 05 R T8 % 7
PR L804 A= KA T Ak, #E 20 g/L T FKFE
FE R, 3 g/L B REAhEE Y M AU, LA K pH 8.2
ST, BENETERE] 80% LU I, WHTA
ROBAR TR, [RII), WALIA 250595 ] 26 B bkt
T AT LA, R IAERE TR B 72 h,
pH 8.0, FF N 10%, L R K5 32 3L 10430 0.55%
(Tt RO EHRH . 35% (BT iRF40)
PRER . 0.06% (Fi AR 540) Tween 20 F1 3%
(R ED) CMC BAIET, AR %
M 862.86 Ulg.
3.3 E#k MC29-GFP M#HE 5 E5E
Wi GFP JEH ' AZ k40, wIN T
1B B R R TE A 22 2B A w110 2 B o A BUERE o AR
SIS B E AR MC29, 3 i i A s Sk
GEP LA A MC29 4, D Ehric #
MC29-GFP, 7 3 it e i UK A I PCR
PRI UE B BE R () IE R Rk . E— 2B R &
B, MC29-GFP TErb 2 58 - v LA 0 1) 7 FE RE
J1, 15 d EhifH 2.8x10°-9.5x10° copies/g, H
A, DRI R TEAR Y J -3 i e s B K
WoE . BN, AT ) TR T A 22 T
FEHUR QHZ11 fE I B AKE iRy 1x10°—
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110" copies/g, HATEIRAERES, MR
AP BAE IR B T 3t s = 3 S T A
PR IC B IE K 28 FAF 7 GFP-WK1 7 T3 A
IR A A E S R 1x10°-1x10° CFU/g,
] i 2 A P A P 4 o PRI, R R AR
TS A A ORI A A TR /R MC29-GFP,
A Sk SE b FH [ FE AR JE 348 FH 048 oo M 12 7= R 1Y)
AT 85 S A, Sk VI b DS A DA e 5 R FH 42
HERF 2R

4 i

(1) AT D 22 28 + i e 15 3] — PR
FLFEFT B S B ORAE A- BB T T bR MC29, &%
TE N A YE AL £ YE B A T (Cellulosimicrobium
cellulans), H: CMC Bi% A ik 13.32 U/mL, /™ IAA
M 8.63 mg/L, MC29 jiti FH J5 F5 FF 1 fit R 32 Tt
24.8%, FOKMEPIAR R SRS
FE, TIERR RS AR 68.1%, TR
B AR Tt 5.8%, HIEHAHIET 6.0%.

(2) WKk MC29 A K fifi pH H M 7.0, fFef:
YRl 25 mL/250 mL, FefEA K ARk TR R A
UR5T IR AZ ZERE R RERY s A E™ TAA S50
pH 7.0, B ERE N 50 mL/250 mL, =
TAA BRI IR 53 500 Ry SR FORE R B

(3) WIS EhRIC B MC29-GFP, Jf-aid
X GFP &A1 T Q-PCR L5 437 H HAH2 A D22 02
+H 15 d JEAYAETE R 2.8x10°—9.5%10° copies/g.
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