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W E P55 B ( Melinis minutiflora Beauv. ) ERVHFBR MW —F AR HE, RAEBUEREERENFENMIEREGT ABE
BN EZhHUEBREARRE RS ENE Sk, @id SDS-PAGE 2 IMEAERERRERBRX MR KRB THER
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KR PN B W A B MR BIOLOG RAE R E

X MM B :1000-0933(2006)08-2566-06 Ay S :S511 XMARIAMG A

Characterization of endophytic diazotrophs isolated from molasses grass

WANG Hua-Rong' >, PENG Gui-Xiang’ ,ZHANG Guo-Xia''? ,HOU Wei''? , TAN Zhi-Yuan" > (1. Guangdong Provincial Key Lab
of Plant Molecular Breeding , South China Agric . Univ., Guangshou 510642, China; 2. College of Agriculture , South China Agric . Univ ., Guangshou 510642,
Chinas 3. College of Resources and Environment , South China Agric. Univ., Guangzhou 510642, China).Acta Ecologica Sinica ,2006,26(8) :2566 ~ 2571.
Abstract: Molasses grass ( Melinis minutiflora Beauv.) is a good fodder in tropical area. In this study, endophytic bacteria with
high nitrogenase activity were isolated from the roots and stems of molasses grass grown in Guangdong province by using a selective
medium under anaerobic or aerobic conditions. SDS-PAGE of whole-cell proteins clustered all the 15 isolates into a single group.
16S rDNA sequence analysis showed that these isolates belonged to the genus Azospirillum, and were closely related to A.
lipoferum . BIOLOG test indicated that the representative strain, TMCY243, from molasses grass was able to utilize a wider range
of carbon sources than the type strain DSM 1691 of A. lipoferum . Based on these results, we concluded that the endophytic
diazotrophs isolated from molasses grass represented a new species of Azospirillum . This bacterium distributed widely in association
with its host plant in the subtropic regions of China.

Key words: endophyte diazotroph; molasses grass { Melinis minutiflora Beauv.); Azospirillum ; BIOLOG ; Phylogeny
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symbiotic nitrogen fixation) , fE N AEYE RN —Hr-HYNEBRAENRAMARBIAT - THFHWBEERE,
i{ﬂh?ﬂ%@é%%iﬁﬂﬁﬁa"%o HORNGFEEREAE, ENWEEAEMNE EEAVERTFEREE,
M H, XENEFELZED 3 ANER R S RAEY AR YA K EITRG5 W AR R P 2
EAEWERD -, HoiE %A A B R B (Endophytic diazotrophs) B B AWM , I 8ER B BAIE, 15 L £ 4t
ALK,

BEMAEBRENEARE AMMIEASHEDFSBBAHYNEBERAE, mHE™ kB . %
KA GRAY B E L ( Melinis minutiflora Beauv. YERAFHX M —MERHRE,HES5HIE, R LA BE
ENAEAENRE, FXRUBEEEIFARNR  ALAEFRESBRAT - HAAREERBEEEKN
Bk, 3 X HAS T SDS-PAGE 4= 40 i 25 1 # Ik FAE 38 A 4 3C B (BIOLOG A % ) o
1 HRIA &

1.1 MHERE

WEREMAT 2004 £7 ARETHREBRB I IH, Azospirillum lipoferum B # DSM 1691 ) T H
DSMZ BEHBRFH Lo
1.2 HEHDE 4

BRENFHBEEHAREBKES RAEH TR . ZMHSFIETEXREMN I NMEFRLY,H3%
I EK(H,0,) B 4 min(LABREMR 22 HEREWBEY ), THEKEERE—K, BH 0.1%KMF K (HeCl,) B
Y5 min, EEKPHRANBER S ~7 K, BK S5~ 10min, HFHERE - RKERBEATEEEFRE, UBRNEELR
AR, BWREHFETEHR . Z HARKEFRIIURE, P FRIEMD] 3 %A FNb ¥ EEEHENRE
hOREEHE, BT BCHALEFAANATESR. BIREYNEXELFGTER. RREEKE, mE
WEA VI0ER 10% ZRIE(ERE RN 1%), FHREFAFTEEFR 24 L NEHEBEABEH(ZREERE),
HMAFBERBEENERMNEREPEZMHMAHBEEEFEL, FRULS,28C,BEH 5% KZHET,
HATRE (A0 YOX-1 BREFEFHM) RIFEEF., BUBREEES I EMZFEEEREREP, UL
W EEBEE, BFRIFREIRBANEXR B ELERE FXRRE6E, S UEEESRBE4HSE.

NFb 3537 2 B9 £ E 4 : malic acid 5.0 ¢/L,K, HPO, 0.5 g/L, MgSO, +7H,0 0.2 g/L,NaCl 0.1 g/L, CaCl, 0.02
g/L,0.5% bromthymol blue (in KOH 0.2 mol/L) 2.0 ml/L, vitamin solution 1.0 ml/L, micronutrient solution 2.0 ml/L,
1.64% Fe-EDTA 7 # 4.0 ml/L,KOH 4.5 g/L,pH = 6.8, F H vitamin solution: biotin 100.0 mg/L, pyridoxol-HCI
200.0 mg/L; micronutrient solution: CuSO, 0.4 g/L,ZnSO0,+7H,0 0.12 g/L, H,BO, 1.4 g/L, Na,MoOQ, -2H,0 1.0 g/L,
MnSO, 1.5 g/L, VM-Ethanol 355§ % ) = % M, 4> : Dobereiner-basic 10.0 ml/L,Fe(; )-EDTA(0.66% )10.0 ml/L, Yeast
Extract 1.0 g/L, Peptone 3.0 g/L,NH,Cl 0.5 g/L,NaCl 1.0 g/L,K-PO,-Buffer 3.0 ml/L (437 K ), Ethanol 6.0 ml/L
(313 KH ). Dobereiner-basic £ i : MgSO, -7H,0 20.0 g/L, NaCl 10.0 g/L, CaCl, 2.64 g/L (F K #),MnSO, -
2H,0 1.0 g/L, Na,MoO, -2H,0 0.2 g/L,

BEEEFREFMA 1.7% 8 Agar, ¥ EEEFREPMA 0.15% ~0.25% K Agar,

1.3 SHAEEENE E RS

¥ Edifb BB bk DSM1691 43513 A B NFb ¥ BEERIEFREMRE N, AREEH., THE 28C
THEF24LE, FENFEAVIOEH 102 LR E(ERERRERN 1%), EFREFRGEFRBEAER 240,
AHE £ U L ROAE S M (IR WAL AT AU AR SP2100 KM G, TR T ES B e BUT
ARBITITE B,

EAl = (58.0 x Se x T x Pe)/(Shb x Te x P x t) (umol/h)

R, Se NZHWBEER; T FRAXNRE(T=273.13K); Pe LR FHTHASEIR(Pa); Sh 2 Hhik
EH; Te IEREKBGTHEE(K); P A4 KIER(P =101324.72 Pa) ;¢ JEEFRBTE] (¢ = 24h) F R L 57
BEANEE, 70 e, it EH T HE,
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1.4 SDS-PAGE £ 402 H H ik #7

B E B BREE A 5 ml VM-Ethanol A IEFE P RG M LEF LK, EFHF &K M4 4 28C,100 r/min, AK
B 4000 r/min BOWERK, FEE, AHom KB PBS Z ik (NaCl 8.0 g/L, KCl1 0.2 g/L,
Na,HPO, -2 H,0 2.9 g/L, KH,P0, 0.2 g/L, pH 7.2)B L% 1 X, HIMA 6 ml XK PBS ZErilk ,IE31IRS
M, B2 ml BB IR T T VM-Ethanol B fA3EFHE L, 28°C #5536 h. WMHAKETFTHHREMN 1.5 ml
Eppendorf & 1, il A 1.0 ml PBS Z& b ¥ , 1k 3118 57,4000 r/min .0, F L3, A TH R K4ER T 8.0 45 B E Bl
KAy, RE . 1B 150.0 mg/ml ¥R A 4 x extraction buffer, 7 — 20CFF & Fl . 4 x extraction buffer £ i, K
glycerol 30ml( &R EH 60 % ),SDS 0.46 g (RIWEH 9.2 % ), Tris-HCl (pH 6.8) 1.52 g AT 15 ml EBE FK
(¥ 4 0.25 mol/L), bromphenol blue (JREY #E) 6.0 mg (1B M, BiH B, BEE X 0.012 %), p-
mercaptoethanol (B-?ﬁ:gz.@) 2.5ml (BREEHRS %), MEEFABELEEFESOml, -20CFFEH., BkE
R E S B,

1.5 BEFH (BIOLOG 4 ) U &

WERE S EYE SDS-PAGEREREE , EBMARERMEEXRZEVNTIRELRIEE A, lipoferum
A ¥k DSM 1691 #47 BIOLOG R %t thik % , @ A A L FeE, FE LR B A AE A, %A BIOLOG
GN2 #% , 24 # BIOLOG GN2 R R RAVEH BT AT, N W B XL N BHERFRENK, BT %
F#% 7% 2 BUGM(BIOLOG Universal Growth Medium) ERI£83555(30°C, 12~ 18h); QX E WL /ML B R E &
ZHEA 18~ 20ml MAMKEERE KW =ZMAKT, BIERG EHTHEER, REBSEEBRE 7230 4%k E
T b H 2 WL, T ODS90 B2 0.25 ~ 0.30, R Al 8 FLEBB MBS A, B FL 150 (L, 28CH5 5% , E M 4h /5
M24h FEW, AL AL(AEKRF) AN B, LS ZABEMEHEL -7, S HEAH B Ea b AEICN
“GTARBEESBEICHC+/-"; ¥EFF 24h /5 A BIO-RAD Benchmark plus B AR XM E R, B HEE N
590nm, ¥l B M 45 R 8, AMER FI T BR7E SR BRI T AR KRB,

2 BRE5HW
2.1 oEsifegR

MBI B 4 B 4t 4k 18 B TMCYO055, TMCY023, TMCY225, TMCY0551, TMCY0831, TMCY025, TMCY24,
TMCY0832, TMCY0256, TMCY255, TCMY41, TMCY0552, TMCY243, TMCY244, TMCY066 3t 15 £ /4 B & 8
o
2.2 BERBEEHNE

XA E 15 Bk AT B R BE IS MR E , H{H 7E 48.55 ~ 54.65umol/h, T Azospirillum lipoferum 152, B bk 09 15
E4 49 13pmol-h™ ', MWERXMEEZ N, E—EHKHT, ZREFEFHSEHABMASWEEHEEEEHM
X K I EREHILEKEFTRRNEREYE

*1 BESEHGREXNEHK DSMI69] BB MEHMNTHE
Table 1 Test of nitrogenase activity of isolates and type strain DSM 1691

73 B3 B R v 73 R [ R 1
Strain No. Nitrogenase activity(pmol-h™") Strain No. Nitrogenase activity(pmol-h™')
DSM1691 49.13 TMCY0832 53.6
TMCYO055 48.55 TMCY0256 49.39
TMCY023 53.11 TMCY255 48.69
TMCY225 48.74 TMCY41 51.94
TMCY0551 51.28 TMCY0552 52.36
TMCYO0831 52.32 TMCY243 49.68
TMCY025 54.65 TMCY244 50.36
TMCY24 50.23 TMCYO066 49 .61

2.3 SDS-PAGE 24 i Z& B & 3K 40t
SDS-PAGE £ i AR Ik M EM R B AM MNP REA R ERENFA, BEREY XM TR
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X L SR AE 4 18 98 B A $0E 53 25 F1 SDS-PAGE £ 41
MEOBRKMTPIELTEASTHREERSBE
SRR B KRB TR E N N A B & E
17 SDS-PAGE 241 E B KR L (B 1), B 1 4,3k
BT W% EE Bk TMCY055, TMCY023, TMCY255,
TMCYO0551, TMCY0831,  TMCY025,  TMCY24,
TMCY0832, TMCY0256, TMCY225, TCMY41, TMCY0552,
TMCY243, TMCY244, TMCY066 & A 3k % 4 & —
B, R EAREHNERER TR —MEA AN m1 we e E RS %~ 08 E XSS DSMI601 # SDS-PAGE £
K, REEARREER, W T 3 KA XA, ABEQHKEH
TMCY41 , TMCY?243 *ﬂ TMCY?244 j&?:f 16S rRNA g@é Fig.1 The protein patterns of endophytic diazotrophs isoluted from molasses
Eiyu ﬁ'*ﬁ’[w] A FJE y'J ﬁ' *h__ %% Eﬂ . TMCY41 , TMCY?243 ﬁ grass and Azospirillum lipoferum DSM1691 by SDS-PAGE analysis
TMCY244 REREHI R, 5 GenBank FRIBFIN B EUER, HEEZ X RZRBEMNEKR IS ERIBRHE
( Azospirillum lipoferum) , & BRAH 97 %KAM, # —SHBEESEY SR E FIBE (A, lpoferum ) B K
BBk DSM 1691 #9738 IR B X RFEAT O, BT A R R AR —E M BEXE —ENER, HIkX
BRTREENMNERRFAEARIN —FHNEBRELRE,
2.4 HHEESMBREME

BE(—MAEFALEETE) END BRERE L IECEN DENXBAEARKRN AL E%.
EEFLIBRP BESREEREN pHo 8 BREAFGET N B, WHERELARIBF =R, F2RE
BRI, R, (1.0~2.0)mx (2.0~3.0)m, BEEKIERE 28C,37CREEH 4 K, BiE 4 K pH6.0 ~
7.0, KEF A,
2.5 BRIHEHF A (BIOLOG Ml % )

A BRERNAOARR, ERBRBEDAR WA BAMRBER MR ARELFHHHREY . R
15 HE A R B VR S AT PR R B, 2K e 28 SR AL I TR L 6 TR TC €5 5 TR AR 4R 68, AT AE B8 0 s R BT R
15 MDA AL A R R B AR A7, S A A 4 R 2 SR BUIR A - SR B COR BB B AR b, T i R B B4R
SUESKEEAERATUARE TSR, EBORE THEENA B R FHRBE R TMCY 243 F7™JE B R IBRE
(A. lipoferum )i H Bk DSM 1691 ATHKIEF A LL A, — Z ERAEAR 47 st FI FAMI RS .D-4F 4 8w IE 8 -
LEE EZEME A 8 DEFLBEE R . D-AAER . D-HAERE LNABRTAR . LLREABREAR . L-RXITLE
LA EKR LHAEM.D-ZE8 N-ZEBE-D-E &M LA A% D-R8 . D-HEM D-HERE LA T
B D-ILBLEE DG BN D-NER I =82 HIR 40 FLR W MR - R ER R TR IR 80.D, L-FLER.
L-22 ERME MBI, —EMARAATRR L SEAR LAFNEAR . LEAEAR 2-EHLE R . AR H
WM KERRTIBSENE—KE. BEAAERERLE 2, L2 W TMCY 243 L) D-8 —¥¥ .D-
TR R R IR 5 b AR T B, e AR SRR RSB VIR IB A3 5 8 E R A K HX = e B AR
(A. lipoferum) DSM 1691 i &5 tE AR MR o
3 hE5TiE

HMYHNEBRREMAARAT —THVERRLE, VEYDTMEYERFTRT —FHNER. BARE
B R B EE TR AN, AR SE X BT B A ER, X A EBAARLATHEAEERMERN®
HEBREEE KEMEURSHRABFTYHMAE A BEThHESANMH R L EREDNTS  BER
AN EHEMARYRK, BMERLESNBERRER" 2, S FHEBRENSE, N ZEET N ERR
BHAKEG SAREBIMEYR 3R CARMK, BN 5 A MEIMEREMREERRK, KK,
SEMESEEEEWE N AR EABEENEMR, R —RER T, &5 8w W X 5 2SS Y 1E

o
)
©
S
=
Q
=

TMCY0551
MCY0831
TMCYO025
TMCY0256
TMCY0552
MCY243
"~ TMCY224

Marker
TMCYO055
TMCY023
TMCY255
TMCY24
TMCY066
DSM 1691
Marker
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£2 REINEEREARESE TMCY 243 57IEEMMB(A. lipoferum ) X Wtk DSM 1691 HIRKEFR AL R
Table 2 The different carbon utilization by representative strain TMCY 243 isolated from molasses grass and type strain DSM 1691 of A. lipoferum

23 E KRB Growth 3 4K ARBL Growth
Carbon source TMCY?243 DSMi691 Carbon source TMCY243 DSM1691

DRSEEIEE: + +/- W& RILBE +/- +
L-R 5% + +/- PRI +/- +
D-¥ 3.5 + +/= [y 4 +/ - +
-5 3 B + +/- L-REEM +/- +
D-#%H 8 + +/- L-H AR +/- +
L-AE& + +/- 183 +/- -
BRI ER + +/ = RT_® - +
Tk + +/~ 78 L - +
RE + +/ - pak. ¥ 1.1 - +
it B s O L H + +/- A BEEE - +
6-BYRR M B b + +/- Bo® - +
D-% 5 + - TR B B - +
D-1F ¥ + - D, LB# - +
LHER + - 2,3 T_® - +
1-BE R W & 5 + - D-H % W e R - +/-
FENRR + - N-Z Bt #-D- 2L 55 e - +/-
PR + - Fo] 3% R B - /-
B +/- + BEHIAR - +/ -
D-A R A B +/- + B - +/-

- A4 K Strain can not grow; + .2 K Strain can grow; + /- , #4354 K Strain can grow slightly

AmE , BRI EAERAAT . WREANEBREERENE, FHAKRGT, XHERE A TFHETH
NBESail, ABFIXT R 4B - B B ( Melinis minutiflora Beauv. ) #E4T 43> BS 4l {0 B, 36 4% 3 2 R (malic acid)
ERABRE, A RAREMTFERESHHTESR BEErESI -HANEEAEKR. BT NP EFRERFE
R (malic acid) fEAME—BKIE, A —EE A THERETHEEAKPTIALEBRRAENAER EXBEIREPH
RN ERREF TR EK T MRARXCKREEERE # - SHBEREEPFIRFENRE
MEMNABEE. MOBEIMEK, B HAEENERAREHAMEENRT, E%9 SDS-
PAGE 21 BEHHE K RERK MENTBFBHNEKRAFN - BEREAEXEY, BUEFRBEEYPRTH
16S rDNA A7 f1 5. DNA B G+ CR & B, VIS W E R IE T H %8 5 h o A B B 6 w0 B B 48 & & ( Azospirilium )
BB KR, HEEEEEIBRE(A. Lpoferum )X DSM 1691 BH 7% M. #TREFAHILREH—
HHBARETHEEMANABREN —FHNANEBRRE LT, EFTEFN A WEAFF T 48 508 % 5t (IS-
PCR)!'™ MBS B AT S AN K FBRERIEHLEE N —FF,
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