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1 1 B-
Table 1  Characteristics of cold-adapted B—galactosidaseproducing strains isolated from the bottom layer of
the No. 1 Glacier deposits in the Tianshan Mountains
Growth characteristics Phylogenetic affiliations Morphological properties
Strain Range Range i . Similarity Cell Gram e
temp/C NaCl/% Closest relative species 1% shape  staining Colony description
R60 4 -15" -24 0-6 Brevundimonas sp. HLA (EF143837) 98 Rod G* White medium
A30 4-15-24 0-6 Pseudomonas reactans (¥FJ972537) 99 Rod G’ White medium
A26 4 -24 -37 0-6 Brevundimonas sp. V4. BP. 05 99 Rod G’ Transparent small
G3 4-15-24 0-6 Polaromonas sp. GM1 (EU106605) 98 Rod G~ Transparent small
D3 -1 4-15-24 0-6 Pseudomonas sp. ps4 -4 (AY303304) 99 Rod G* White medium
v9 -2 4 -24 -37 0-4 Brevundimonas sp. HLA(EF143837) 97 Rod G* White small
y6 4-15-24 0-6 Polaromonas sp. 1024 (EF423333) 99 Rod G* White medium
all 4 -24 -37 0-8 Enterococcus durans (AY057055) 99 Rod G” White medium
R11 4-15-24 0-6 Pseudomonas sp. HX32 100 Rod G White large
ml2 -1 4-15-24 0-8 Paenibacillus polymyxa EBL.2071 (EF545556) 99 Rod G- Yellow medium
R2 -2 4-15-24 0-6 Pseudomonas japonica (AB126621) 98 Rod G* White medium
A35 4-15-24 0-4 Methylobacterium extorquens DM4 (FP103042) 99 Rod G* White medium
y9 -1 4-15-24 0-6 Rhodococcus yunnanensis 1P10PD 99 Rod G~ Transparent medium
al2 4 -24 -37 0-6 Brevundimonas sp. N4 (EU567033) 99 Rod G* White medium
Rs -8 4-15-24 0-6 Cryobacterium sp. ER1 99 Rod G” Transparent medium
yl4 4-15-24 0-6 Brevundimonas vesicularis (AJ227781) 97 Rod G* White medium
y20 4-15-24 0-6 Enterococcus faecium (HM058557) 98 Rod G* White medium
y31 4-15-24 0-4 Enterococcus faecium (GU904683) 98 Rod G* White small
M15 4-15-24 0-6 Pseudomonas fluorescens 99 Rod G”* White small
Al5 4-15-24 0-8 Stenotrophomonas sp. (AB461023) 99 Rod G* White small
Al0 4-15-24 0-6 Klebsiella oxytoca (AY873801) 98 Rod G~ White large
13 -2 4 -24 -37 0-6 Klebsiella oxytoca (HQ242727) 98 Rod G~ White large
EO5 -1 4-15-24 0-6 Enterococcus sp. CCGE3067 97 Rod G”* White medium
A36 4-15-24 0-6 Enterococcus faecium (HQ721257) 98 Rod G* Transparent small
R2 -3 4-15-24 0-6 Enterococcus sp. (EU867322) 97 Rod G* White medium
Note: ** The optimal growth temperature.
2.4 rep-PCR ; Groupb6 Klebsiella
2 BOX-PCR A10 y9 -1 L3 -2 R11
. ( 3) 2.5
75% 6
(Group) : Groupl E05 - 1.y20. 2
y31.R2 - 3. A36 all 93.1% 13.8% ;
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EO05 -1.y20 y31 A30 M. R
Methylobacterium sp A35  90% R2 -2 A30 D3 -1
Groupl ; Group2 ml2 -1 A10 L3 -2 Klebsiella A10
M15 Paenibacillus ; Group3 v-P L3 -2 ;
G3 y6 Polaromonas ; Group4 y6  G3 Polaromonas y6
A30.R2 -2 D3 -1 Pseudomonas G3 all.y31 EO05 -1
R2-2 D3-1 A30 ; Enterococcus y31
Group5 Brevundimonas yl4 EOS -1 ; A26 y9 -2
A26 al2 R60 Brevundimonas A26
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Fig.1 Neighbour—oining tree showing the phylogenetic relationships among B-galactosidase-producing strains 16S rRNA

gene partial sequences and their closely related sequences downloaded from GenBank.
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Fig.2  BOX-PCR fingerprint patterns of isolates in 1% agarose. Lanes: 1 A35;2 EO05-1;3 y20;4 y31;5 R2-
3;6 yl4;7 A30;8 Rs-8;9 G3;10 y9 -2;11 A10;12 y9 - 1;13 MI15;14 A36;15 D3 -1;16 R2 -2;17 al2;18
all;19 y63;20 Al15;21 L3 -2;22 A26;23 R11;24 ml2 -1;25 R60;0 blank; M mark 4000bp ladder.
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Fig.3 The dendrogram obtained by cluster analysis of the BOX-PCR fingerprinting data.
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Phylogenetic and physiological diversity of cold-adapted
bacteria producing (-galactosidase from permafrost
sediments of the bottom layer of the Glacier No. 1 in the
Tianshan Mountains

Ming Zhang' Yanling Gu' Yuli Xu' Xuewei Shi' Xiaoji Zheng' Hong Zhou'
Yongqing Ni' >
" School of Food Sciences Shihezi University Shihezi 832000 China

> Cold and Arid Regions Environmental and Engineering Research Institute Chinese Academy of Sciences Lanzhou

730000 China

Abstract: Objective The purpose of this research is to isolate cold-adapted bacteria producing B-galactosidase from
permafrost sediments of the bottom layer of the Glacier No. 1 in the Tianshan Mountains China. Physiological test and
phylogenetic analysis were undertaken to expand our knowledge on diversity of psycrotrophic and psycrophlic bacteria.

Methods By using lactose as the main carbon source and X-Gal as chromogenic agent in the medium cold-adapted
strains producing P-galactosidase were detected. Taxonomic identity and genetic diversity of strains isolated were
determined by spatial 16S rRNA gene sequences and repPCR fingerprint. In addition we analyzed the phonotypic
differences between strains showing high similarity of 16S rRNA gene sequences including the optimum growth
temperature salt tolerance ability to use carbon source and antibiotic resistance spectra. Results Of the total 90 cold—
adapted bacterial strains isolated we found 25 stains with B-galactosidase activity 76% of which were Gram-positive
bacteria. According to growth temperature range 80% of strains producing p-galactosidase were identified as
psychrophilic bacteria 20% as psychrotrophs. Phylogeneticlly the B-galactosidaseproducing bacterial isolates fell in
four groups: subclasses a~ B and vy of Proteobacteria and Firmicutes phylum. Conclusion The results enrich our
knowledge on the phylogenetic and physiological diversity of cold-adapted strains producing B-galactosidase in cold
environments.

Keywords: Permafrost Tianshan Mountains Cold-adapted bacteria p-galactosidase BOX-PCR
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