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Community composition and functional characteristics of bacteria in
the rhizosphere of Kalidium foliatum from the radiation polluted area

Muniremu-Alimujiang® CHU Min*> TANG Qi-Yong® GU Mei-Ying® ZHU Jing®
ZHANG Wei'"  ZHANG Zhi-Dong"?***

(1. College of Life Science, Xinjiang Normal University, Urumgi, Xinjiang 830046, China)
(2. Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang 830091, China)
(3. Xinjiang Laboratory of Special Environmental Microbiology, Urumgi, Xinjiang 830091, China)

Abstract: [Background] Source of radiation-resistant microorganisms is rich in Chinese
radiation-polluted area in Northwest China, where some places are covered with Kalidium foliatum
(Pall.) Moqg. Salt accumulation constructed a salt island in the rhizosphere of Kalidium foliatum.
Therefore, it will be important to collect the microbial resources and to reveal the mechanism of salt
adaptability and salt island formation for Kalidium foliatum. [Objective] We analyzed the bacterial
composition in the rhizosphere of Kalidium foliatum from the radiation-polluted area, and
investigated the microbial resources and their functional properties. [Methods] Based on traditional
culture methods, rhizosphere microorganisms were isolated using 10 culture media, and identified by
16S rRNA gene sequence analysis. Then characteristics of the resistance, enzyme producing and
plant growth promoting were tested. [Results] A total of 267 isolates were obtained, and classified
into 20 genera from Actinobacteria, Proteobacteria and Firmicutes. Isolates from Actinobacteria were
dominant component involving 9 genera. Eight potential novel species were discovered. Bacterial
diversity was rich in the rhizosphere of Kalidium foliatum. The resistance analysis of strains showed
that more than 70% of the representatives could tolerant 10% NaCl, and 40% of them were resistant
to different heavy metal ion. At the same time, several isolates producing protease, lipase, amylase
and cellulase were observed, and some plant growth promoting bacteria were obtained, which
provide important material to further screening industrial enzyme and developing microbial fertilizer.

[Conclusion] Valuable microbial resources existed in the rhizosphere of Kalidium foliatum.

Keywords: Radiation-polluted area, Kalidium foliatum, Rhizosphere bacteria
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e, FUEIZIC K X 20 om DL F S R AT A
2% b, HURMERZ AR IE R (Y 3-5 5. JF e
T2 DX sl b JTOTCR Bl A 0 8 AU I F 10— 2
BN ERSTE Y X M 2R, A TR Pridd:
YIAEERTOTGER S A . PR B & il
Hr g R LA

A FE UL 5 15 G DX ER TOTUH BR 41 B R F 572
X4, WIL RSB . % M T e
Mr, BTEVIAE AT ST e DR TUTCHR B 241 7 22
P, SSHRVEAE AT g IR FH I RE, it —4
TR ARSI T 582 ) o Bt AR A
1 MREFE
1.1 MRlFEFE

111 #ilEy
£h J K [Kalidium foliatum (Pall.) Moq] F

2016 4 4 J1 R B 5R G G X FATOK X,
112 EFE

MM Hi 52k (g/L): SR 5.0, #i%hE 2.0,
e bkE 3.0, 4R 1.5, & ikl 20.0, Hifg 15.0,
pH 7.2 Zefi; P HigREE(o/L): HEAM 0.01, FEEhE
¥ 0.05, #ZikE 0.001, KNO31.0, MgS0,0.5,
K,HPO, 0.5, Fe,SO,0.01, NaCl 20.0, ¥ifi§ 15.0,
pH 7.2 /i47; CMKA 1;3:3E(g/L): Casin 0.5,
Mannitol 1.5, KNO3 1.0, (NH,),S0, 2.0, K,HPO,
0.5, CaCO; 0.5, NaCl 20.0, Zifig 15.0, pH 7.0
Lo HERFRIAHE TSA iRk gik—%
FRR AL . R2A KGR dk | RGBS IR 3L (NBRIP
BRgRIk) | RARESIRIE . MKB Bi3RILZ: ) A
H &S PHE N A AR A R A A AR RN
2216 $5 3R A 2L H BD A F].  FREEFRAEAEAS
HRT, #5700 2% (A L) NaCl.
1.2 FENH

HL R pH 3, RS ER (R ) A PR A w5
AN, SHIMADZU /3wl B ReLEfhs
I, TR BRA A

1.3 FHi&E
1.3.1 IRPRTIEAIWE

ERTOTRE iR I 24, R REHB AR UEAR
R SERE M . BERESCAEAEARARES, SR EHE L 2B
JEARBR -3, FHAETCER A F T I JC B A0 Bl
RIS AEAR PR 3RS, FREL MR A R E
THBLE T, F 4 °C fife s e,
132 E#HRMSESE

TCR AN T ARBURBRAE S 5.0 g, B 12545 50 mL
2% NaCl % A JC i 2 BBk Y = fA i, 30 °C.
120 r/min 275 30 min, #E. WA FR TR R
1 mL, 2MERER, Wi24KE5H 2% NaCl
(5, T 30 °C fHERE IR 3-15d, FFETE
K e, RIsEEIEA | KN B it
B, ABAibE S R2A 8535340 |, 4 °C {}
.
133 BEHHPFEE

KT vk, FIFIANE 16S rRNA JEH
B4 27F A1 1492R 47 PCR 414, PCR
Yy aitba s, XA 5 E AR AR BR
oA TN o BrAS E A AT TR R,
EzTaxon #{#& /% (http://www.ezbiocloud.net/eztaxon/
identify)ifE AT HLXT, SR ORIk f e X TR A P
5, f#H] MEGAS5.0 i#£17 ClustalX Z & Hxt, (#H
Neighbor-Joining M  £ 48 & & WU, {2
(Bootstrap) k7 1 000, W4 3K15 FREM A 2% 42
HiA7
1.3.4 BEHKRIT 2 MR IhREMIE

BRI AR Y pH | Az IR I 22 R A 2% NaCl
[ 1/10 TSA WA FR 3 AT, Bk AT £ .
48 R 2 R A AN R W NaCl il
HgCl,. ZnCl,. CuCl,. PbCl,. CoCl, /¥ 1/10 TSA
Bt MR E ARG . NENiE . 4R
Bt . SRy T 7 R R AR 5 40 B R I 2% (R
EARFH) IR IR . = TR g . R LAt
HEZ RIS PEVER G P 3G IR AT bk
A A SR S A O i A 1
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AR R FE R % 3-15d i, K TEIEAU
FRILPRECA SRR 452 ki o H [0 2= 5 2%
NaCl ) R2A KiFedkrp, WAL RVE LA M BHOE S
FHJE, RIS HR 267 #k. Hbh, RATTESR
HIRELN P REFREL AR 2216 HEFREE . R2A
FiFedk | CMKA B FR J4E 000 i B bk 104 Bk,
39.0%; W) I A 25 BB T 43 5 45 IR 5L B I T
PR 74 Kk, b 27.7%; RO BRI B B A R
89 &, i 33.3%, A[EISHIRHAT ARG TG DL
1R,
2.2 IRPRUAE I LR ST

3R 267 BRHIY 16S rRNA LK ¥ 4145 PCR 4
BRI Y S, Frig )y i sc NCBI udls 3k 15
GenBank #3%%5 4 MG199972-MG200020, iz [l
EzTaxon %{4 % (http://www.ezbiocloud.net/identify)
HEFT T ARARLRE PO, RIS S ) T LS PR AR L e

*1 TRBFESBEHKRSI

Table 1 Isolates statistics from different media
Hi Rk RIRREL Jt o L]
Medium Number of isolates  Ratio (%)
TSA Btk 27 10.1
Tryptic soy agar
MM 353t 26 9.7
MM medium
P Bt 28 10.5
P medium
TR 2216 iRk 16 6.0
Marine broth 2216
R2A K73k 33 12.4
R2A medium
CMKA Higrdt 27 10.1
CMKA medium
T Bt 36 135
GAUZE’s Medium No.1
i BB e 27 10.1
Potassium-dissolving medium
MKB 15 3735& 31 11.6
Modified King medium
NBRIP 15373k 16 6.0
NBRIP medium

ERE ARSI R G L T (& 1-3),
LR R G R E WAL, RS X ETOTHE PR 20
R R, S 267 SRESBIHET 3 N
20 Ma o Hrb, BRI T (Actinobacteria) It 7 g
B, Wk 9 M@, BIFIEE (1soptericola) .
J5i/IN A7 1 J& (Promicromonospora) . W Eh i kAT 14
J& (Haloactinobacterium) . f##1 /% J& (Microbacterium) ,
5% 7% W )& (Streptomyces) . W K K+ # 8
(Nocardiopsis) . 143k & (Agrococcus) . 15 &
(Arthrobacter) . XI|zE1H 4 J& (Zhihengliuella) ; Hvk
ASFEAT IR ] (Proteobacteria), ¥ 7 4~&, BIEhi
bl J& (Halomonas) . fif R #h & Ji
(Nitratireductor) . A= HidJ8 14 J& (Mesorhizobium) |
4+ & J& (Phyllobacterium) . Fll K I (Paracoccus) |
BB B B (Luteimonas) F1 £ ik 1T [ B
(Devosia) ; JEEEF ] (Firmicutes)Fh & B Ak ML,
10 4 4~J&, RIER 2R A1) (Halobacillus) . ZF 1
FFEE (Bacillus) . VAT (Oceanobacillus) Al
Tk 4 %5 I8 PR B 14 (Brevibacterium) , {H Bacillus .
Halomonas . Nocardiopsis . Isoptericola J& It /5 kb
Bl fim, 0o Tl AR 11.9% ., 11.6% . 7.8%
F1 6.3%.
2.3 IRFRBEBEHMI LI

TESERGI 1Y) 267 D EaRRH, 7 PRI A
[ EVRIFIIARUPER /N T 98.5% (3% 2), Wb
H oW A B A, 3 ¥ & Micrococcales |
Oceanospirillales . Bacillales ., Xanthomonadales .
Flavobacteriales %5 5 A~ H M 7 4@, H
Micrococcales HIETE#T A2, £ Isoptericola.
Agrococcus F1 Promicromonospora 3t 3 V& ; Bk
M8 5 e i 7 Halomonas cupida DSM 47407 #f
PITEFRAR, 1A 95.7%. ¥ E B EREHS Y X EHT
IR BRAEAE A o R A S P T LE B S ()
PRI FIREMRI IR A, AT — 2D
EZEE W st Sisknt ST
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1 ETHZEITRRER 16S rRNA EEF5IMERN RS iR

Figure 1 Phylogenetic tree of isolates in phylum Actinobacteria and related type species based on 16S rRNA gene sequence

2.4 IRERAEBIITIESF

A A TR R O e 40T 4 SR B T R G
W 49 BRACEMERERR, YET T IRRRAOPTER . sk
PUE 48 EPUS TG . LSRRI, ERTUTUR
BRAN B 46 R 4> A SR BTk, Hob 74%09

SR ELAT i S2 10% NaCl f94E KAE ST, 729% 0 1E
PRATTE 10 °C A=K, 49% M IR AT 7E 45 °C A2 K, 40%
() AR ELA AN TRV RE BE 1) B 4 SR i 32 4k, 8 ik
TR T22 HANGRHTARE , 78528000 e 145 Fh
W) PR K, 2 3 ERATE RPN

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARJERA BT ARTLAG: 55575 G DR TOTUR BT 55 3% 40 T 4 4 A S D R 1421

Oceanobacilius picturae LMG 194921 (AJ315060)
4100H CM20 (MG199994)

MKBL16 (M{199995)
F ( K9 (MG199996)
100t flalobacillus andaensis NEAU-ST10-40' (JQ762290)

G23 (MG199997)

B(.'Cu’/us oceanisediminis 1127 (GQ292772)
100 P25 (MGI199998)
I: Baciltus alealophifus ATCC 27647 (X60603)

Bacilfus vaniflea XY 187 (KF98632()
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74 CM16 (MG200000)
65! Bacilfus atrophaeus JICM 9070" (ABO21181})
G (MG200001)

100'— Bacillus aquimaris IM7" (KC607748)

100, M16 (MG200002)
Brevibacterium frigoritolerans DSM 8801 {AM747813)

[ L16 {MG200003)
61 100 Baciilus horikoshii DSM 8719 (X76443)

73 P11 (MG200004)
Baciltus wiedmannii FSL W8-0169' (LOBC01000053)
T412 (MG200005)

1000 Baciltus cerens ATCC 14579" (AEQ16877)
Halomaonas desiderara F32' (X92417)

i
0.05

E 2 ETEEEEICREIRE 16S rRNA EEFHIHEZH RSt

Figure 2 Phylogenetic tree of isolates in phylum Firmicutes and related type species based on 16S rRNA gene sequences

100~ T9 (MG2006006)
E Halomonas rifensis HK31' (I1M026177)
57

1.6 (MG200007)
Healomonas heilongjiangensis 9-21 (KF479230)
100 1[(]3 (MG200008)
97+ Halemonas desideraia FB2' (X92417)
[ Halomonas huangheensis BIGMM-B45" (JQ716246)
100 90— Halomonas cupida DSM 4740 (1.42615)
570 G17 {(MG200009)
2 ME(MG200011)

Luteimonas huabeiensis HB2' (1X658136)
100 RI10 (MG200011)
100LT241 (MG200012)

| 100[ K3 {MG200013)
Paracoccus saliphilus YIM 907387 (K1960184)
,j R2 (MG200014)
100'— Devosicor geojensis DSM 194147 (CF575560)
76 T20 (MG200015)
L M7 (MG200016)
Nitratireductor sheagliensis 110399' (KC222645)
Nitratireductor aquibiodomus DSM 15645' (AF534573)
P4 (MG200017)
Mesorhizobium sediminum YIM M12006' (KX151664)
{ MKRBI3 (MG200018)
100" pinliobacterium ifrigivense STM 370" (AY785325)
— Sinomicrobium pectinilviicum KCTC23776" (IN609388)
0- MM 18 (MG200020)

100 80

99

—_—
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B3 ETEEMEI MKKREKRD 16S rRNA EEFHIEZEN RS LR

Figure 3 Phylogenetic tree of isolates in phylum Proteobacteria and related type species based on 16S rRNA gene sequence
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Table 2 Potential novel species based on 16S rRNA gene sequence analysis

) E| Val=T7S AR R AL

Order Isolates Closest type strains Similarity (%)
Micrococcales CM10 Isoptericola hypogeus HK1 03427 97.1
Micrococcales CM4 Agrococcus baldri IAM 151477 98.1
Micrococcales L7 Promicromonospora iranensis HM 792" 98.4
Oceanospirillales M8 Halomonas cupida DSM 4740" 95.7
Bacillales Gao9 Paenibacillus xylanexedens B22a" 98.4
Xanthomonadales R10 Luteimonas huabeiensis HB2" 97.2
Rhizobiales CcM7 Nitratireductor aquibiodomus JCM 21793" 95.9
Flavobacteriales MM18 Sinomicrobium pectinilyticum 5DNS001" 97.7

*3 BORFREEROTUSEEE

Table 3 Resistance characteristics of partial respective isolates

2+ 2+ 2+ 2+ 2+
Isolate 10% NaCl 10°¢ e (203 ?ng/L) (50(? rr1ng/L) (ZO(C): lrjng/L) (1 O;Obmg/L) (50((): cr>ng/L)
P26 ++ ++ ++ + + + + -
K18 - - = - = = - -
L6 + + ++ = + + + +
CcM7 ++ + = + + = + —
K12 ++ = + = = = + +
K9 ++ - + - + - + +
T22 + ++ ++ + + + + +
P15 - + + + + + + -
MM18 + + = ++ + + + =
K27 + ++ - + = + + _
R10 + + — ++ + + + +
CMm4 + + = + + - - -
R11 ++ + = + + + _ +
e+ AARRE: +0 4K - AEK
Note: ++: Good growth; +: Growth; —: No growth.
2.5 IRPRUAE R~ B R IEYIREINRE PREA TG, 3300 R HA 2R 4E R 1

LD EAE VL ARANT 49 MRIFEDAT i e TG A R A I B, 45 R 24%FK
RRIITERE . BRIV . S BENAT4E R A fe PRELAT ff LR BE 775 W5k -3- Z 1R (Indole-3-acetic
AT T oM. G5 RRH, SRR 4T%EMREE  acid, IAAYEMUN /R, 27%REEEHA T IAA Y
TERTREETE, 43% M MR EA RIS YE, 43%ITR  fEJ1, 2 4 R mibkr B A A R A T
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Table 4 Characteristics of the enzyme producing and the plant growth promoting by partial respective isolates

VER G

Amylase

n5I £ R fifk
IAA producing Phosphate-solubilizing

(173 YL b PR
Isolates Lipase Protease Cellulase
P26 + - -
K18 = = +
L6 = = =
CM10 + - +
CM7 + + -
K12 + + +
K9 + + -
T22 + + -
P15 + + =
MM18 + - -

L1 + + +
K27 - - -
R10 + + +

E: +: FOoRATEN; - FORTEM

Note: +: Active; —: Inactive.

3 W54

R Y KAFAEE T8 MY 2
R KA ARAEY) . BHAHDCHISE R, 4Rt
TG XI9GS AT 19 N TA 6 IEFET 8k
PRI, A 726 TR BB R SRET;
WA AR, BRI A Y 2 000 43 bk,
PRI 76 & 273 AR, ZERME S E A
FOESRIFR R AT B R S Y X R
TR DX S R B P 455 T ML AR TS R A ) —— R TOTURRY
BRISA:PidEA T THIEIESE . Rl AT FR I, IR
JEIL T ERTUTHEBR 5 A 2, o i)
267 MRANTAI I BEFE T E SR IR 5 R2A PR EFAE K,
H 39%RY BRSSP E SRS, X g Al
— R WER S Y AR TR B R R Al TE 3B IR 5+ A
TAERKWRMEY . WS IE , V)8 T 40
1 3 M1 20 NJ&, HrhjlZe sl ] (Actinobacteria)
B fhE i B w s RS T — B B R YR
Fh, 1% Isoptericola . Promicromonospora .
Haloactinobacterium. Agrococcus Z3#-2: I Rij i A
FERR ST I A3 B RIS A TR o R4 Ui Bl T 4R s
PXAETEE R E S MEW IR, ARE—2

240

AT R, RAEETUTMRERM RS & SR
Yy, (ARSI A 0 T B BT A S E R
FARSEARE T, iR Ppethas + 35 o FiEpIAR P+
SR YRR S5 A h AR JE TR T ] (Proteobacteria) FERFT
11 ] (Acidobacteria) Jy AP TR - S9E R
MR BRI A I RE TS BIBE SR B, Thioalkalispira |
Marinilabiaceae . Salinimicrobium > A FH £5 5 1
SR AR R P — ok, BT R
FBTE P, ARPR A IR AL oA
BEE e T A ) F 2 (Plant-species-dependent)? . &~
[FI RIS AR BRIAE VAR R B 25 5 . 20
SR, A A B R M AR B i A A i)
K2 —, THERRS ARSI . HHELEA pH
B . BFRr VASF AR E I 5%
IR ARBRIAE IR A AFAERZ W, QBRI +
B BGE AN Z AR A P SR P
TS A

Wit KRB, IR IRk 70%0
HATERM NaCl Pk, 40%[ ik HA A A A
FEM AR N ZREE, ULIHER TUTUR PR £ &
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