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Phylogenetic and Physiological Characteristics of Three
Arthrobacter spp. from Huize Lead-zinc Mine
Tailings in Yunnan Province
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Abstract: Some numerically dominant colonies, with creamy and nondiffusionable morphology, were
isolated from lead-zinc tailings and their phylogenetic and physiological characteristics were determined.
This type of colony represented approximate 50% of cultivable bacteria of tailings. Phylogenetic tree con-
structed from about 500 bp of 16S rRNA gene of 60 isolates and their relatives indicated that, these strains
belonged to the member of Arthrobacter genus and were divided into several phylogenetically distinct
groups. Three representatives from each group, BS11, BS20 and AS19, respectively, were sequenced ap-
proximate 1440 bp of 16S rRNA gene and their phylogeneic positions were further determined. Strain
BS11 was phylogenetically close to A. histidinolovorans and A. nicotinovorans, BS20 close to A. chloro-
phenolicus, and AS19, to A. aurescens and A. ilicis. Among 39 carbon sources tested, three strains could
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strongly utilize 15 and weakly utilize 12 carbon sources. All of three strains showed high resistance to

Pb(NOs3),, ZnS0O,, CdCl,, CuSO,4 and CoCl,, but relatively sensitive to ampicilin, streptomycin, kanamy-

cin and rifimpicin. Our data suggested these strains may be potential novel species.
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MIGFRE LCFRE 3 g, B 5g WEAKS3 g,
TR 15 g, £B 17K 1000 mL. pH 7.2-7.4)51,
1.2 16S rRNA EE ¥ &5 E

RHEPER R A2 TY FEARRIZR AR 0I5, &
JETEWAR TY K5 5L 30°C #E0 16-18 h, B 1 mL
B W 3 ¥ & (WATSON Bacteria Genomic DNA
Isolation Mini Kit)#ZH(3E K 41 DNA. 16S rRNA H:[X
FAPA5I 8 (R 51 % A 5'-AGAGTTTGATCCTGG
CTCAG-3'; Ja51¥N: 5-AAGGAGGTGATCCAG
CCGCA-3")dey 18l A 2 54 1 uL DNA H5iA
(K%J 20-100 ng DNA); 5 uL 10 x PCR Z& sk
(100 mmol/L Tris-HCI, pH 8.3; 500 mmol/L KCI;
15 mmol/L MgCl,), 4 uL dNTPs JR& ¥ (54 ANTPs

W H 2.5 mmol/L) (TaKaRa), 1.25 U Tag
(TaKaRa), M5 #1451 pL (& HE N 0.4 pmol/L),
AME T 22 F 7K 50 uL PCR P B8 4% & GeneAmp
PCR system, § H##2F K: 95°C 4 min; 94°C 1 min,
60°C 1 min, 72°C 1 min, 32 E#; 72°C 10 min,
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(WATSON Gel Extraction Mini Kit) [t 3f-4iifk H 4
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M5 DNA JF%14: NCBI (National Center for
Biotechnology Information) BLAST 5| %48 2 J5 3R X
HHEFPIE Y 16S rRNA J:H F51, F Clustal X 1.8 %X
PEHATHED o R GE R 534 B HEBR B L e 2 467 1,
FH 41 422 ¥ (Neighbor-joining analysis)i #: R 5k &
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(NH4),S0, 2.0 g, NaH,PO,-H,0 0.5 g, K,HPO, 0.5 g,
MgSO47H,0 0.2 g, CaCl, 0.1 g, 1000 mL Z&{fK,
MR IR A 5N 0.5%. MR HC 1 mL J5 5% T
24 h AN B, A0 0.85% (W/V) NaCl 3%
P2, HH 1 mL &IF . H0.01 mL %40 S
A 10 mL FRESINA B IR BT i SR A 52 0, LA
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BOGE BEEAT I R, R BT AT R) A a4
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SE o SEELH 1 mol/L ZnSO,, Pb(NO;),, CdCL,, CuSO,
fl CoCl, 4 FESBUMEEN 1| g/l MERHE
(Streptomycin), #] ## F (Rifampicin), + Jf & £
(Kanamycin) Fl1% * & 5 % (Ampicillin) gk . SR
AR 8 TR Z8 VORI, PR B AR 4 DB RR 7 HL R
BCELH . SR)E, In—E W E S m i AERIEA TY
WA SEFR AL, i B 4 R Wk B AR AR TE 0.125. 0.25,
0.5. 1.0, 2.0, 40, 6.0, 80, 16.0, 32.0 mmol/L
1 —FRINAE, PrAERWEZN 05, 1.0, 2.0,
4.0, 6.0, 8.0, 16.0, 32.0, 64.0, 128.0 mg/L f—
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Table 1 Isolation frequencies of creamy and
nondiffusionable (CND) colonies

oy WA D
[5]&}

AT 43 (%)
Observed AV BT
Samples . . Percent (%)
colonies CND colonies
A 871 483 55.5
B 438 267 61.0
C 141 48 34.0
JJK Total 1450 798
it W&

o NS
Statistical significance

H: PR AL BRI C AU 10a, 20a F 80a BB . Sl /AR
Jfl One-way ANOVA. NS f8E A .3 (P > 0.05).

Note: Letter A, B and C represent 10-year, 20-year and 100-year
tailings, respectively. Significance level is determined by One-way
ANOVA. NS: Not significant, P > 0.05.
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AL E E Rk BS20 [F] A. chlorophenolicus 7 258N
B, B SCRR RN 60%; G3 BRI E Bk
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60 Arthrobacter histidinolovorans (X83406)

88 Arthrobacter nicotinovorans (X80743)
BS11 (AY452080)

1001 Arthrobacter keyseri (AF256196)

97 Arthrobacter ureafaciens (X80744)

Arthrobacter aurescens (X83405)

Arthrobacter ilicis (X83407)

AS19 (AY452082)

100 |Arthrobacter oxydans (X83408)

Arthrobacter polychromogenes (X80741)

L Arthrobacter sulfonivorans (AF235091)

65 |32 BS20 (AY452081)

60 e e 9 . - NI LY
——— Arthrobacter chlorophenolicus (AF102267)

91

Arthrobacter citreus (X80737)

|:82 Arthrobacter nicotianae (X80739)
Arthrobacter uratoxydans (X83410)
98

Arthrobacter protophormiae (X80745)
Arthrobacter sulfureus (X83409)
100 | Arthrobacter pascens (X80740)
AEArthrobacter ramosus (X80742)
LW Arthrobacter globiformis (X80736)
L Arthrobacter crystallopoietes (X80738)
57 Kocuria rosea (Y11330)

Arthrobacter atrocyaneus (X80746)
Citricoccus muralis (AJ344143)

o0
=

Arthrobacter agilis (X80748)
Streptomyces ambofaciens (M27245)

0.01

1 R#EEFR BS11, BS20 & AS19 R HIEZFAT 16S rRNA BREFIMER R L L B
Fig. 1 Phylogenetic tree constructed from the 16S rRNA sequences of Arthrobacter BS11, BS20, AS19 and its closest relatves
1E: Streptomyces ambofaciens W JHYESMNEE, FEMTT LB FACEE 1000 BURERY E 20 b, (VB AR KT T S0%MEL. §55 b AR R E i
) GenBank %3 5. HHIRALH 1% 75125 57
Note: Streptomyces ambofacies is used as an outgroup. The numbers at the nodes indicate the percentages of occurrence in 1000 boot-
straped trees, only values that are 50% or greater are shown. The GenBank accession number (in parentheses) is indicated for each pre-

viously described strain, and 3 tailing strains are registered in Genbank as from AY452080 to AY452082. The scale bar represents 1%
sequence difference.

R2 3P EAKRHEXTAFEM AR HFE LR

Table 2 Some characteristics of three phylogenetically distinct groups and closely related Arthrobacter spp.

2
th‘”“, X BS11 A. histidinolovorans A. nicotinovorans  BS20  A. chlorophenolicus ~ AS19 A. aurescens  A. ilicis
Characteristics
iz Z ¥ Mobility _ _ NR _ L _ _ N
K -FT-4 & A
BT A L N R R N N N N .
Rod-sphere cycle
A= W) Z M H Biotin - + NR - - - 4 +
i F LB Catalase 4 + NR 4 + 4 + o
B Y (0 Acid-fast - NR NR - _ _ _ _
G + C mol% 65.4 61.3-62.2 61.7 66.6 65.1 ND 61.5 61.5

TE: Bk B 5% SCHk 11-13. NR: K DLHiGH; ND: A&,
Note: Data from references 11-13. NR: Not reported; ND: Not detected.
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Fig. 2 Cell sphere-rod cycles of Arthrobacter
e R ER SR 00 24 A1 48 h BAIMUE S, FRRAKEER 10 um.
Note: The morphology of cells being cultured 0, 24 and 48 hours, respectively. Scale bar represents 10 um.

R3 INEKRMBEENR, EEBEMHERIERE

Table 3 Utilization of carbon sources and resistances
to heavy metals and antibiotics of three strains

Strains B A BS11 BS20 AS19
Melezitose + + w
Melibiose A - A
Inulin A W w
Inosine A - A
Sorbitol - W A
Succinic acid A W +
y-Aminobutanoic acid 4+ W 3
Citric acid b7 W g3
Glucosamine hydrochloride # W 4+
L-Aspartic acid &+ W 4+
L-Histidine A W A
L-Tyrosine 4+ W -
Pb(NO:;), 8 8 4
ZnS0O, 32 16 16
CdCl, 2 1 2
CuSO, 8 16 8
CoCl, 4 4 4
Ampicillin 2 8 1
Streptomycin 4 4 4
Rifampicin 16 2 2
Kannamycin 16 16 16

W+ BERIH; — NERRIAL, W S50, (8 A dme A0 ok 2
MIC (Minimum inhibitory concentration) & IF-Hy & ik X 5 4 /&
(mmol/L) FHiAEZE (mg/L)Hi k.

Note: +, — and W represent utilization, non-utilization and weak
utilization, respectively. The numbers mean the minimum inhibi-

tory concentration (MIC) of heavy metal (mmol/L) and antibiotics
(mg/L).
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Bl e R KB IS R RN R ARy
FR BB 1), BRIZJE e i T al e B A4
fEse sy, XATRE S EATRA BRI E &Rtk
FRIFA (3 3)o — Bk Uit i 4 8 A B Ptk sk
Y 2RO G, AT B R T
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2 H 4 @ FE M DRI AR ROk B IR B IR oA ] SE R
N B A 5T

S X SO TR AR SR 0] LIRS R E G 3 A
Pl Feih 5 2l i DNA 2428 SEU0 LA K 40 i B A
IR AR TR E, B4 S 0 i X kR A Rk
BT Al e vE B A A B R 2 2 4 1 AR 4 38 A b
%, R AT DMER — R AT . BA Rk A
PRI BE 240 P AP S 10T PR

2 % X Wk
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