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B E: [FX)EFAHAR BM-2 ZREH T RiE =B BRS BT —HEA Ll AL AEAE R 6
BB, BA RAFOFL AT x. [ 6] HaEEREH BM-2 690 £Hfs, BT ARG
AR, AHE RIS AR ARYE. [ 5] B3 AR, A A LfiEF 165 IRNA
KB A, AEFREAE BM-2 AT BEE; RAENEE. FRIKENT BM-2 B
FRIGHE. FRAFAVER . B RAE R Ao R ARBRBE . 1- 23R A ke-1-2 4K (1-aminocyclopropane-1-carboxylate,
ACC)BLEBEH 48 715 1B R 7 AL X A7 F R (Salkowski 7% )A=44& & F (chromeazurol S, CAS)i% 43| M)
S H AR T3k T ER (indole acetic acid, 1AA)Fe = sk #Hikagte /. [4R]) BHR4FIE. AEHEIUEA
A ALK R K, BM-2 B AR 448 % # /3 (Streptomyces) 4945 4E, 16S rRNA KB 53] 5
GenBank ¥ %754k % 1 (Streptomyces badius)49 & 7| A8 4 99.72%; BM-2 B R EA B R A=A AL
BB, fed 54 ACC BLABE. 48 /A4 1AA. [446] BM-2 E4k A 2454 & (Streptomyces
badius), B .. A AEEAE R AR A ACC BLEBE. IAA T f82.3% B AR 6902 2 4 A ALl
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Identification and growth promoting effect of a marine actinomycete
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4 College of Oceanography, Hohai University, Nanjing, Jiangsu 210098, China

Abstract: [Background] A marine actinomycete strain BM-2 was isolated from coastal area of
Lianyungang, Jiangsu province. It showed both antibacterial and growth-promoting effects, and had a good
prospect of development and application. [Objective] To clarify the taxonomic status of strain BM-2,
reveal its growth-promoting mechanism and provide theoretical basis for its development and application.
[Methods] Morphological observation, physiological and biochemical characteristics, combined with 16S
rRNA gene sequence analysis were used for the identification of strain BM-2. The phosphorus and
potassium solubilities, nitrogen fixing ability and phytase and 1-aminocyclopropane-1-carboxylate (ACC)
deaminase activities of strain BM-2 were determined by transparent circle method and plate marking
method. The ability of obtained strain to produce indole acetic acid (IAA) and siderophore were measured
by Salkowski method, chromeazurol S (CAS) method, respectively. [Results] According to the culture
characteristics, colony morphology and physiological and biochemical tests, the strain BM-2 showed
a typical feature of Streptomyces. Sequence analysis indicated that the 16S rRNA gene sequence of strain
BM-2 had 99.72% sequence homology with Streptomyces badius in GenBank. Strain BM-2 had both
nitrogen fixation and organophosphate solubility capacities and had the ability to produce ACC deaminase,
siderophore and IAA. [Conclusion] Strain BM-2 was identified as Streptomyces badius. Nitrogen fixation,
organophosphate solubilities, ACC deaminase production, siderophore and IAA were the possible
mechanism of its growth-promoting effect.

Keywords: Marine actinomycete, Species identification, Growth promoting effect, Siderophore
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T T K TP B B — BR BE A RN R 2 T BT M
Vs O, PR KRG AEA RAFAEE
G PR o — 26 Y A Tl 2 Tl 43 ) 2L A T R
F, BERS AWk 2 % (indole acetic acid, 1AA)FI
BRI, WKFE . ot A NS 40 i A= KA
A GRS EE, BSC I E T4 Es AR T
X ZRATIAAR . ZEFBOT (1Y) 46 BRERZR IR IAA 7= &
Al 1-2 B3R N B -1- & 3 (1-aminocyclopropane-1-
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carboxylate, ACC)ZAMGEME, A 93.5%0)
TR RES A2 1AA, 21.7%TR F R %
(1) ACC iz [Th1E, 7 8 MM HRERE™ £ 1AA
NHA ACC BRaEMHENE. a2t %2 [ ot
TR o 1 30 A AR )RR B T 2 T A TR A A AR R bR R A 7
WE, AR R 5 EA . A 77k
Ak IAA T ACC JiiEBffRe )1, BAEkEDA
— M Z AT AR R . A PR RN R R
TR 4 TR TR PR B 02 A VR AL [R] , F 9 A
B A A FH R T30 T T AR 1 2 A6 A T LB T 1
PR — 25 A i B 5 S

BM-2 T PR A S0 25 DA i 2 s Vg Sl vl ) v
g3 B AR AT 1Y — Bk X /N 22 ORI (Fusarium
graminearum) . H#EATZE0% & (Fusarium oxysporum
f. sp. vasinfectum) . #ili .44 % I (Alternaria solani)
5 Z PP M W e IR B B R B FF 1A (Escherichia
coli). HiHE ZFHIAT i (Bacillus subtilis) . F&/K S H i
T# (Aeromonas hydrophila) &5 22 Fii 5t i H A B i)
HE R RO R bR, R I e 4 = o R 1
R, AL TR A AR 3 2, X
HONAH AR B R EER, IRt s R
1A PN 25 TR & B2 £ 2 I (phenylalanin ammonialyase ,
PAL). i & k¥ (peroxidase, POD). Z %1k
fiti (polyphenol oxidase , PPO) il 4 1k ¥y 1 4k, fily
(superoxide dismutase, SOD)%5 JL#h 5 0 it 14 1%
P, FBU R IT R RS B %
PRI E S AR AR A LB M R TRIESY , AN
FLiEEAEIES . APAEALIIG AT 16S rRNA 3
BRI 871 3 B 68 TR AR 20 A7 58, 00 Vi T i kA
BM-2 GERRAIEIA . MEmE . MEBRVE I SO BRakiA
IAA. ACC iz B FMERRESIRE ST, BRI R
{RAENLEE, S BM-2 PRI LA R SR
1 RS
1.1 ##l
111 R E

TR T BM-2 TRk, HARSEER 3 IE = s
WSV Py B AR AR A,

112 EFE

BM-2 R RVETEASMEE i3t JIC 1 545
J. PDA BEFRdE ., SRIRIAEE R . TOHLERTER %
FRIL | MEH R BUIRRERIL | WK 1A R B
Bk RLIRRVT BRI FRBE L 7 275 SCHR[3,10]

fi TCHLBEFNAR A ML 7 55 B0 T 275 S0k [2]
IAA KNG FR 38 | BERRER 2% M (DF) BE = A R
T (chromeazurol S, CAS)H 5% 77 5L (7 B A &
PRGNS 57 )2 7% SCHR[10]. ADF 35550 1% DF
KR (NH,),SO, Bl ACC. fRBRIE IR L |
PR TR 05 N 5% 55 R A R A D s R S
ZCHR[14] . TCA AR SR 3SR [15]).
113 EZEZLFFLE

Taq DNA E47F . dNTPs. 16S rRNA 5|
Y, ETAYTR(EE)RMGA RS A ;
Salkowski’s S {55 10.8 mol/L HBRIRTFFIA RIS H)
J&, fA 45 g/L FeCls IS Fe/miR A . Ak
B, AR AR A RA R s B, Nikon
/AA]; PCRAY, Bio-Rad 22H],
1.2 BM-2 BHHIMBELE
121 BEEFEASWER

1 BM-2 BHREERN TR [C 15557 5L . PDA K5
IR ERIRBURRE IR . AR Ve B IR 3L | g
&R R AL . AT R A R BRI FRAL
FLR AT EIE R 3L |, 28 °C 1538 7-15 d, W%L
ICSREMRAE S PP RS IR 2L VR MIES | Bt 2
IR
122 BHIRFEWNER

R R R B IARRAE . 7RG 1 SRRk
FRILEM BM-2 Wk, WA KEMEY A,
28 °CorHiigE 1. 3. 5. 7d )5, AL EMEE
WMEAH A FAERZ . RNEZME TS
FFIE
123 EIBAE4FHE

S (R T Y T )P R AR STk [17-18],
R FHAEAR SO A AT AR B AR
1.2.4 16S rRNA EEFHi 5 9H

K PO 4R BM-2 TRk 4 DNARS, 1)
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YT 16S rRNA L@ 5 [ E1 7 PCRY 3, Lijf
21¥k 27F: 5-AGAGTTTGATCATGGCTCAG-3';
TSN 1492R: 5-ACGGTTACCTTACCTTGT
TACGACTT-3', PCR JZJWi{& 5 (25 pL): 2xSan Taq
PCR Mix 12.5 puL, 27F (25 pmol/L) 1 pL, 1492R
(50 pmol/L) 1 puL, DNA #%4%(10 mmol/L) 1 uL,
ddH,0 9.5 uL, PCR i #&f4: 94 °C 5 min; 94 °C
30s, 55°C 305, 72 °C 60 s, 35¥K{EH; 72 °C
7 min, 4°C {347,

K 1.0%EEAEEHL KT PCR 33 =i TG
M, PCR j=#ik A T AW TR i) Befh IR 554 R
SNENNE . R 16S rRNA L F I Bt 35
5 GenBank e B FFFIE T BLAST
X}, K DNAMAN 4.0 # {46 H BM-2 B #£11 16S
IRNA ZER T R G R B .
1.3 BM-2 B#RBMEE/ERHIENE
1.3.1 fiR#h. fRSE1ER

PRI 5 0 RSy i B A B R OB . R
BB T (A 35 73 S R B0 ] (A% R Al |, 28 °C
Ki3% 5-7 d, WERHVE IR GA BB
A 5 11 P U8 T R A A L e R,
TR LA B R R P AR () S =B EARD), it
55 D/d (B, D/d{HAEK, M. fRERGrERGE
132 EREA

PRI/ 5 1) TR A D 21 0 R B IR AR
28 °C 55t 5-7 d, WA EHRAEZ A I B 57 5L T B
BAEK, BB ARK R TS i, AR
Heyr 3 RURREAK, WILHTZ kR EA A0S
PEOSL DR HLAT [ BV FH B9 K 0% FF 14 (Escherichia
coli) A BAMEXT R, DAACSZ I 2= SR i HL A ] &1
AR A 22 i 26 TR (Streptomyces mediolani) F28 B FE
A BE
133 FFIAAEM

HETEILRY BM-2 FREEEFI IR S 150
R B0 = fA i h (60 mL/250 mL), 28 °C.
180 r/min Y% 1535 3 d VE AT

W IO O EZ TR IF BN AR5 4 60 mL LAA K]

FEFRHERY 250 mL =i, fi PRI AR A
] 0.5 mg/mL, ¥ 7% R R TR, 28 °C.
180 r/min Z1F TR AR, Mk 1 d BUE, KBERT
4 °C, 5 000 r/min #.» 10 min, LHE®S
Salkowski’s {67 1:1 (RFL )RS, K
20 min, WEIRA WS . AR R 2L a0y
AR, UEHNZREREEDS 4 IAA, MIE ODsg MWK
JGAE, DAREEEING IAA KL F7 5 1E g xf BRI,

IAA FRUERTER A HIVE: BlHIVEES 0. 0.5,
1.0, 15, 2.0, 2.5, 3.0 mg/L AR HREE A IAA TR
W, A Salkowski’s A7) 4)5, M%E ODss
WG, LA IAA R RREARER . ODsso fH AL R
o PR e, AR AR v TS [ B 3R 5 A
FESLE LAA S
1.3.4 7= ACC BisfgiE s

PRI B R AR R 21 ADF [ {4 R 7 3L -
M b, 28 °C #5392 7d, WEEMREGAERK . Ak
K, BRI T ADF [RREFRIE B #%
SERL4 3RIRRE AR, ULHTZ AR RE =4 ACC
IO LIORRE A ACC A0 K G FF I R
FIPEXTRR, DAAC S50 28 R Y g 7~ 42 ACC i
it ) A 2 T 2R TR F28 T A Ay B X PR
1.35 FPEEREIATE

SEPENSE R CAS Kkl ¥ BM-2 Btk
JUHER) CAS EFRHE |, 28 °CHE3: 57 d, WIELH
EREE A A Bl 574 =BG -
BREARRTEN, WesBERSHE RN
i, AR =R R TS R . DIASRE A 2k
AR IME A 2R T F28 AR BT IR, DAASSE
55 2 R 1) BE 7 AR 2k 4 AR 1Y) B B 1 (Streptomyces
sp.) FO Bk A BT IR

SERMENM. % 79%IEF R BM-2 R
TR BRI il e s e, Fhg12h
HURE, 4°C. 5000 r/min B.0> 10 min, B FiGHH#E
L1 ALY CAS KR Y], #BLHIFE 40 min,
MI%E ODgso MIMIGIE(As), HE 3 Ko LAREERN
BM-2 FEREMY ™Rk A E il B Hoh T R, LA
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Table 1 Culture characteristics of strain BM-2 on different media
Rtk ARIRES Hita Colour AT AR
Medium Growth state o A N2 Soluble pigment
Aerial mycelium Substrate mycelium
IR T S H R tttt M M &
Gause No. 1 medium White White No
FLIRPITT SR B tttt IR i &
Waffle gravy agar medium Grey white Pale brown No
G kol PNES ST tttt M IR &
Glucose aspartate agar medium White Grey white No
e R R R et IERER KA, &
Oatmeal agar medium Grey white Ivory No
BB ARHE IR Ak +t IERER RE A &
Czapek dox agar medium Grey white Beige No
TeALERVEN S SR et IERER IERER &
Inorganic salts-starch agar medium Grey white Grey white No
PDA 5574k et IERER e, &
PDA medium Grey white Isabellin No

ettt ARRE; +++: AR+ ARZE
Note: ++++: Growing well; +++: General growth; ++: Poor growth.

HIOCHAE R Z A A) , BRSSP
BN RN, RIS T AL (%) =[(A—As) /AT X100,
1.3.6 FHEEREEEMS

HETEILRY BM-2 B & TR 22 ) T HEF P AEAr R
FEMERE SR I, 28 °CHEFR3-5d, WA HVE A H
ST A A T pE

2 HR54WH
21 BM-2 EMBIFEEE
211 EEESNE

BM-2 BEARAEN A LR RS R AR K AhT,
KA, FEAR PRI FREWEZ NS
BB, AW LE AR, T
PEEREGER 1),
212 BERFEWER

161 FH Y627 S T R % 5% 35 AN [) P ) F 4
BM-2 FARIFLN P22 NS E TR 239 K iE g, 43
MZ, TN ELEMEME, it fir
22 WAETE AR 2 R EROIR, R RAIE,
FmeE (& 1).
213 HBENRNER

¥ BM-2 TR BN R A Ak RO s, o

TR AR . JE A K IR . £F 2 2o i
5. MARAK MR . IREBHAE . AU
GRS TFYTOKERL, DL Rl . HH LT
R AR . V-PIRIEAE IMVIC S LR
& R

RIEE R, kR AT IR AL . Tk
KA WREIK AR . AR EER IR . T AR R
W FIR KM, AN E 4 R, R ERNR
Mty . # R RRIBR MG . RN ARG . IR BERE
fitg, AR RE Bl 8%, A5 2,

B 1 BM-2 EHREYE 22 K& TR Z5(1 000x)

Figure 1  Mycelium and spore chain morphology of
strain BM-2 (1 000x%)

e A W2ZES; B filTEHER.

Note: A: Mycelium morphology; B: Spore chain morphology.
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#*2 BM-2 B EIR S FHR/KBRIEF IMVIC KL
Table 2 Hydrolysis test of macromolecules and IMViC test
of strain BM-2

i H ZE
Items Results
B I v A +
Gelatin liquefaction test

TEM K i 1N +
Starch hydrolysis test

LR M -
Cellulase decomposition test

iliErN an v

Oil hydrolase test

PR A +
Urease test

H AT -
Methyl red test

V-P iR -

V-P test

LG 1737y -
Indole production

T Al S -
Hydrogen sulfide test

Citrate test

b A +
Catalase test

F R AR W -
Arginine decarboxylase test

T TR AR T -
Lysine decarboxylase test

R 1) A R T +
Oxidative fermentation test of glucose

AN A BRI AT -
Phenylalanine deaminase test

PR AR -
Melanin production test

7R +
Ammonia production test

N B AR A -
Nagler’s reaction

2 [ A SOH 2 R +
Semisolid motility test

AR ER B 0-8
Salt tolerance test (%)
AR A

Litmus milk test

BER, ik
Solidification,
peptonization

ZERRER IR . 22200 UM, TR
HEEpE . DSR4, D-ARBE. L-Fasm . 2F4E—hk .
HEERE . D-INAEE . AREFI M0 . DGR 3).

HR 4 5 72 FRAE L R A W88 B A A Ak ik
ek, & (AARRMELEE TN 4 9 ™
R T % T ) MO Seik[21], ik BM-2
TRIAR AT & 5 25 1A P HiE 25 14 (Streptomyces) 4L .
2.1.4 16S rRNA EREFIH & 504

LI BM-2 B#tkHEFZH DNA Hfidz, ffiH] 16S
rRNA LA 38 5 [ 4(27F Fi1 1492R) k47 PCR 184,
PAF— ST E TR/ MG DNA 47 (1 500 bp /4
£i)o L[] DNAMAN 4.0 F{Esti e g Rk bt
1%, 15%) BM-2 HHkAY 165 rRNA JER ], Hok
/A 1432 bp, K IP AR F] GenBank s,
B35 MNG47551, Fi ClustalX 5 NCBI $i#i
47 BLAST Lb X}, BM-2 HE kY5 GenBank H
Streptomyces badius (NR_112256)f# 16S rRNA J:[A
FEF R R s, 355 99.72%. #EHL GenBank
HIAFEHR S BM-2 #PEH DNAStar 5 MEGA %k
W E ARG, H5 Streptomyces badius
(NR_112256) R7E [ —/ 3 (K 2), Z5BTEA M

®3 BM-2 EIEREABXEER
Table 3 Fermentation of saccharitol by strain BM-2

BEFh2E R [

Type of sugar Acid production Aerogenesis
H#i% 4% Glucose + =
2 ZEHE Maltose + -
FLBF Lactose + +
WEME Sucrose + +
H#& 4 Mannose + +
D-L4 D-fructose + =
HiFhE Raffinose = =
D- A D-xylose + -
-2t + -
L-rhamnose monohydrate

214k 4 Cellobiose + -
H #& 5 Mannitol + -
HILEE Inositol - +
D-1L1%L#E D-sorbitol + -

e o+ B — B

Note: +: Positive; —: Negative.

W o+ BEPE; - B

Note: +: Positive; —: Negative.
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£ ERAL R RN E AR, 2 BM-2 BN
4% 25 T (Streptomyces badius) .,
2.2 BM-2 EHREYIRE(ERNIE

KRB RS | PRI e 2 BM-2 T8
PRAGWE . MRERPER . WIAVEM R R . ACC
JBRaAHE . IAA LLRREIARE ST . fEULEERS B, R
Salkowski {2:#1 CAS Kl A4 7€ o, Wiz
PRI fE R A FHMLEE,

221 fREE. BEER
BM-2 FEARAEARAT HUBERS IR 38 55 SR i 2

95 BM-2 (MN647551)

Streptomyces badius (NR_112256)

R, P EARIETE HAR(DI) N 2.04, BEBTZERE
BAMRANUBEE s ZEAR TCHLBE % 3% 55 R0 i 20 455
FRAEE AR A B, 1 R R TG i JC B R A
YERI( 3),
222 EREA

BM-2 [ PRI BH X6 REAG A 22 i 2R I F28 7E G
RIEEFREE FAERKIEY, ESFE 3 RIEMRAER
RAF, TSR X RO i A 71 7 [ R e 6 oK
HK(E 4), W] BM-2 EHEABEEN, 124
PR T 253 A0 18 JC ML ST 7 725 18 5 A 4 I A

29 Streptomyces griseus (NR_115143)

49

—Streptomyces pulveraceus (NR_041213)
96 L———Sirepromyces gelaticus (NR_043488)

40 Streptomyces nitrosporeus (NR_112485)

99

Streptomyces celluloflavus (NR_115419)

Streptomyces araujoniae (NR_125527)

Streptomyces spiroverticillatus (NR_112582)

78 Streptomyces candidus (NR_112302)
50
95 Streptomyces cremeus (NR_112263)

——Streptomyces mauvecolor (NR_041154)

991

Streptomyces xanthochromogenes (NR_043847)

64

100

—
0.002

Streptomyces crystallinus (NR_041177)
Streptomyces zaomyceticus (NR_112376)

L‘_—Strep!omyces wedmorensis (NR_112429)

Streptomyces omiyaensis (NR_112403)

Bl 2 BM-2 E#kET 16S rRNA EEFFIMEN RS A B i

Figure 2 Phylogenetics tree based on 16S rRNA gene sequence of BM-2 strain

e IS N BERRAY 16S rRNA JER 3811 7E GenBank HE 5 43045 s A4 Bootstrap {8 ; Fr R % At (LB .

Note: Numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of the strain; Numbers
on the branches refer to bootstrap values; Bar (0.002) represents sequence divergence.

E 3 BM-2 EHkEMBFIREIERE LERRS

Figure 3 Growth state of BM-2 strain on medium of phosphate and potassium removal

T A AHBEEIREE; B: JOHLBREGIRIL; C. MREPRIRIL.

Note: A: Organic phosphorus medium; B: Inorganic phosphorus medium; C: Potassium medium.
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4 BM-2 EHEBRZTIEFE LMERKRKS

Figure 4 Growth state of BM-2 strain on nitrogen fixing medium
W A LG B 248 C: 310 1. BM-2 ikk; 2. F28 Htk; 3. KIBHTFH.
Note: A: The first generation; B: The second generation; C: The third generation. 1: BM-2 strain; 2: F28 strain; 3: E. coli.

FUABA HLR IR, TSR 9 28 K i 10
I, FEAEHRE BM-2 R UEE AL K BIHL
HZ—,

223 FEIAAEME

¥ BM-2 HEEHEFNE] IAA Kl FR s iR
5d, OB EWEYS Salkowski’s i F i
20 min JEIERAE kLt , S BHE(E 5), 1EHIX
HAREA T 1AA BE

i ) A [ ¥ B L AA T, I A ) e B Y
() ODsso fH, HilfE IAA FrifEfiZE (& 6), 55T
IAA WE LY ODsyp (HELMERIHKER, TN
y=0.028 1x—0.001 4, X Z %L R*Jy 0.997 9.

1 BM-2 TEREEERIE] LAA R85 75 5L vh B 5
ANR]EFA], I HE TR ODsgo 1B, 45 REH],
N5 37 5 e 85 35 0 P LAA MR EERN[R) (18] 7). 1ERS
FE2d N, MEEREFRERIIER, IAA WREZ BT
Fr, B 2 Rfer, M 2109 mg/l; 2d 5% K~

1 ) 8 4 5 6
“ L
5 BM-2 B#k&E&S Salkowski’s & 7 B9 K& Kz
Figure 5 Reaction of BM-2 fermentation broth with
Salkowsk’s chromogenic agent

W 1-3: XHRAL; 4-6: AbFHA.
Note: 1-3: CK; 4—6: Treatment.

0.09
0.08 |
0.07
0.06
70.05F
Q 0.04
0.03
0.02 1
0.01

0.00 : - - : - - -
00 05 1.0 15 20 25 30 35

Concentration (mg/L)

Bl 6 1AA HIFRME# 2k
Figure 6 Standard curve of IAA

»=0.028 1x—0.001 4
R*=0.9979

)
W

s
=
T

o

=]
T
o

Concentration of IAA (mg/L)
& =

I
=

i 2 3 4 5
t(d)

B 7 BM-2 E#7" IAA BIRT B BH75HEEE

Figure 7 Time dynamic trend of IAA production by

BM-2

T NGFREFOR 225 B3 (P<0.05).

Note: The difference of small letters is significant (P<0.05).

Mk, Z2 5 KB 1AA WREE{UH 0.719 mg/L.
51 RAE 3K IAAYRIEZE SR, AR
22 SR B E KO
224 7=ACC BiEEsEM

BM-2 TR RN FH X B 22 R T F28 TELA
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ACC JME—% U5 ADF 55508 FAK BT, &4
e 3G 2RI REIE H AR K (1 8) . B Rk
RERZ = ACC &, 18 ACC /i o- T RN
0O gl BM-2 BB X B A 2 i T F28
FRFLA, A . B R A FF I A ADF
iRt FoRBRAEK .

ACC JE L& M wr Ay BT, B Rets ™
H: ACC JIREH Kt ACC, M SR A 4 Y
IR A, RS P RE ), (R
EREFPE, RS REV > ACC I 2 Hi it
BM-2 BRI AR A K AL Z —
225 FEHREIKEMN

RE " R BRI AE DI AE CAS il FAl 2R

K, oA AR E AR AR R IR UG SR A Y
BRET, VKR BRI AR g R A, BM-2 TR
FIBHME XS B EE B FO 76 CAS B3R %E EREFR 7 d,
LR/ 3G A AT g et I Y D ORIEY /N
LR F28 RHBELE A EE(E 9), B BM-2
PRIARBEAE ™ AR R B

BM-2 TR AE 7 4 2 1A 455 55 5 v 15 95 AN [ Bt
6], REERHSEARIEEAR, 12-48 h 4R3Ik
PERE A BE IR B B R Ps s, 48 h JEAEXEPE
HOMZENE, 84 h WM, A 1.47%; HJFHIR%E
18 R, 72-96 h ZRakiAiE P2 AR B E /KR,
UEBH TRIME R B A BT —E RS e, 96 h 5
B TR, %156 h ZREATE R 0.01% (& 10).

B8 BM-2 B#k7E ADF EFH & FE RS

Figure 8 Growth state of BM-2 strain on ADF culture medium
W A B B: BB 240 C: B340 1. BM-2 ERE; 2: F28 Mk 3: RIGHFFIA.
Note: A: The first generation; B: The second generation; C: The third generation. 1: Strain BM-2; 2: Strain F28; 3: E. coli.

El 9 BM-2 E#k7E CAS IEHFE S KRS

Figure 9 Growth state of BM-2 strain on CAS culture
medium

e 1. BM-2 Btk 2: F28 Bikk; 3: F9 Btk

Note: 1: Strain BM-2; 2: Strain F28; 3: Strain F9.

| h h
k=l O N
0 12 24 36 48 60 72 96 108120 132 144 144 156
t (h)

E 10 BM-2 EHRFEREIRRIFT B BN 7ZSHa s

Figure 10 Time dynamic trend of iron production
carrier of BM-2 strain

i INGFREFOR 225 B2 (P<0.05).

Note: The difference of small letters is significant (P<0.05).
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BREAE AN . HW SRR R T 7 W Y
— R4 T-HE(500-1 000 Da)ff s & — k2 &
R, TEMNERBUEEWRIEA, SHERAS
Wkl Fe¥ 4 s, HARAERRENKE &
Vi, A5 MM FARN R v IR A
WgooRsm BN, WEAY X8 IT R
SR, PR A P IR 4l SR W R AR
& BM-2 TR Y AE K P Z —
226 FEERBEIEE

BM-2 BRIPRAEAE R 5K I 35 5 B rh 5 4R i 02
R, BLHTZRRASRE M PR T
3 WikE4i

MR T BM-2 A bR O 948 dE & A
(Streptomyces badius), HA A . A LB, Fogk
B \AARIACC I ARFSERE ST, VR SCkE
F W Sy 5T 1) 7 AR R TUAE DR R AR K
BIHLHE, ASLEG S AT L B BM-2 BARREAD
o S B T 22 L K AN T 2 M e R
5 JIMAR PAL, POD. PPO il SOD Z5B i
T G B TOU A 25 R e DY, RERS A ik 2
JRGE A, B AR R4 i AR KA VE
PLBEOR BRI TS . ASBIF 5T 45 51 5 A A BT 55 45 R AH
WP, B TR R A L

HERG RS B AR IR, VT2 RIREE
PSR SFME Y, BE R 2 R A, T
R, REEMEREHEP? . Khamna
24TV 245 PR A AR B - 98 o 4 B 07 6 30 LA PO
TEVERY Streptomyces CMU-PA101 Fi1 Streptomyces
CMU-SK126, HA3 A IAA FIER 3 M4 R 1k
Anwar 2 PPN o S 4H 55 245 R R )/ 2 0 7
ARy B B fREE . 7 IAA L BREUA
ACC i % 1% PERY Streptomyces nobilis WA-3 .
Streptomyces enissocaesilis TA-3., Streptomyces sp.
WA-1 Fl Streptomyces djakartensis TB-4 251k,
Streptomyces nobilis WA-3 25 RIFRAESS /N 1) 25
Ko MWK R E . TEMN S, BB

INFE Y HE KA Hamdali 2V Toumatia 200
537 DA JEE & B A RO o7 - 458 v o3 2 B HLA i
WVE Y4555 14 Streptomyces griseus M1323 FIfE
A IAA BIFEPTAERE T Streptomyces mutabilis 1AL,
TN A KA B IR VEE A Kaur 2BY
M 5% 3 5 3K 15 1) Azotobacter sp. Al Streptomyces
badius ] IMEHE/NEA K, $EE/NE R, WEA
fEWE. 7 IAAL REER . ACC LA MR,
Streptomyces badius FIFRIEREMS =R BRI, TRLER
AR A (HEA BT Z Bk A fi
DRIREE, A OQUR F T 1 4% 25 T 0 TR AL 2B AR
S HANIRBIE S i AR DA

AR e REPHRENME, 2F
FE G T AN [R) SEE A TR A T AR R S £
A BE ST PIT (AA Se AR B A A HLE
A5 ] A o R DA

I8 QR BM-2 TEHEEA B AR EH]
FFREIA Y A DU TE . AR AT T IR R
PEAAEFIBLIRL, iz Rk 0 T A i T 4 HEF IR AR
o SRR AR B, TR A EL A KR
SEETE . MEERMEFE N TEAE AR PR B [H]
PR BT Y - 498 O B RE TSR AFRE A, T R AR TR
RO R kR, RATS G H 3 — 2 RGP
() FE AR RO R &, I R TR Y
HNEF AR 25 4 IR A .
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