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Table 1. Phylogenetic relationships and extracellular hydrolytic enzymes production of bacteria isolated from Grove Mountains, East Antarctica

Strains Soil Storage temperature Closest match similarity Identity / Extracellular hydrolytic enzymes production

] sample of soil/°C % Casease Amylase Cellulase Xylanase Tributyrinase Tricaprylinase Trioleinase
Firmicutes
G1220 Gl -20 Bacillus carboniphilus JCM 9731" (AB021182) 97. 446 - - - + - - -
G1520 Gl -20 Bacillus safensis FO-036b" (AF234854) 99. 930 + - + + - - -
G1-620 Gl -20 Bacillus gibsonii DSM 8722" (X76446) 99.597 + + - - - - -
G2420 G2 -20 Bacillus aryabhattai BSW22" (EF114313) 99. 801 + + - - - - -
G22-20 G2 -20 Bacillus beringensis BRO35" (FJ889576) 99. 405 - + - + - - -
63420 G3 -20 Bacillus niabensis 4T19" (AY998119) 98. 781 + + + + - - -
63220 G3 -20 Bacillus methanolicus NCIMB 13113" (AB112727) 96. 304 - - - - - - -
G1-4-80 Gl -80 Bacillus circulans ATCC 4513" (AY724690) 99.327 + + - + + + -
G34-80 G3 - 80 Bacillus methanolicus NCIMB 13113" (AB112727) 96. 237 - + + - - - -
G34-80 G3 -80 Bacillus anthracis ATCC 14578" (AB190217) 99. 693 + + - - - - -
G3-5-80 G3 -80 Bacillus altitudinis 41KF2b" (NR_042337) 99. 730 + - + + - - -
G13=20 Gl -20 Paenibacillu smontaniterrae MXC22" (AB295646) 97.671 - + + + - - -
G24-20 G2 -20 Paenibacillus validus JCM 9077" (AB073203) 97. 347 - + — - - - -
G35=20 G3 -20 Paenibacillus camelliae blls2" (EU400621) 98.571 - + + + - - -
G39=20 G3 -20 Paenibacillus camelliae blls2" (EU400621) 98. 027 - + + + - - -
G3380 G3 -80 Oceanobacillus kimchii X50" (GU784860) 99. 866 + - - - - - —
G14=20 Gl -20 Scopulibacillus darangshiensis DLS-06" (AM711118) 94. 948 - - - - - - -
63320 G3 -20 Staphylococcus warneri ATCC 27836" (1L37603) 99. 796 - - - - + + +
G197-80 Gl -80 Exiguobacterium profundum 10C" (AY818050) 99. 720 + + + - - - -
Actinobacteria
G19=20 Gl -20 Micrococcus yunnanensis YIM 65004" (FJ214355) 99. 509 - + — - - - -
G39=20 G3 -20 Micrococcus antarcticus T2" (AJ005932) 99. 385 - + - - - - -
G12-80 Gl - 80 Micrococcus yunnanensis YIM 65004" (FJ214355) 99. 509 - + — - - - -
G19-80 Gl -80 Brachybacterium paraconglomeratum LMG19861" (AJ415377)  98.353 - + - - - - -
G1-820 Gl -20 Streptomyces somaliensis NBRC 12916" (AB184243) 99. 863 + + - - + + +
G2520 G2 -20 Streptomyces griseoincarnatus LMG 19316" (AJ781321) 99. 658 + + + + + - +
G1920 Gl -20 Mycobacterium moriokaense DSM 44221" (AJ429044) 99. 524 - - - - - - -
G2320 G2 -20 Rhodococcus fascians DSM 20669" (X79186) 99.930 - + - - + - -
Proteobacteria
G14-20 Gl -20 Kinneretia asaccharophila KIN192" (AY136099) 99. 566 - - - - - - —
G3-820 G3 -20 Enhydrobacter aerosaccus LMG 21877 " (AJ550856) 99. 387 - - - - - - -
G14020 Gl -20 Phenylobacterium muchangponense A8" (HM047736) 97.559 + - - - + - -
G34-20 G3 -20 Brevundimonas aurantiaca DSM 4731" (AJ227787) 99. 929 + - - - - + -
G14-80 Gl -80 Brevundimonas vesicularis LMG 2350" (AJ227780) 99.714 + + + - + - -
G1-5-80 Gl -80 Brevundimonas nasdae GTC 1043" (AB071954) 99. 507 + + - - + - -
G24-80 G2 -80 Brevundimonas vesicularis LMG 2350" (AJ227780) 99. 357 - - - - - - -
G32-80 G3 -80 Sphingobium yanoikuyae GIFU9882" (D84526) 99. 509 + + - - + . -
G1-6-80 Gl -80 Rhizobium pseudoryzae J3-A127" (DQ454123) 96. 453 - + - - - - _
G13-80 Gl -80 Acinetobacter pittii LMG 1035" (HQ180184) 99.928 - = - - + + +
Deinococcus—
Thermus
G3-620 G3 -20 Deinococcus ficus CCFR240" (AY941086) 93. 499 - + - - + - -
Bacteroidetes
G1-8-80 Gl - 80 Pedobacter duraquae WB2. 125" (AM491368) 98. 507 - + - - - - -

+, posotive; -, negative.
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Figure 1. Phylogenetic dendrogram of bacterial 16S rRNA gene sequences from soil samples to closely related sequences from
EzTaxon database. A.B relate to the phylogenetic trees of 16S rRNA gene sequences of strains from soil of —=20°C and -
80°C to their closely related sequences, relatively. Numbers at nodes indicate the bootstrap values over 50% (1000
resamplings) . GenBank accession numbers of 16S rRNA gene sequences are given in the parentheses. Sequences from this

study are shown in boldtype. Bars in A and B indicate 0. 1 nucleotide substitution per sequence position.
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LHR Oy B R T BORE T R R A ] AT
W) CorsFll T 1) FIADLRT BT 4 S 1 ) 4
JlA A BT AN TR (I 2) o ASHIE ST 43 B 1R K3 43 B Ak
G4 k) EHRGRE KR RE V) HABOEK

TG BRI 16S TRNA JE By 5 A AL EE hy 97.3% —
99.9% , T H #k G1420.G3220.G3-620.G1-6-80+
G380 15 L W ff 4 E IO MoK Zx R AR A, e AT
Scopulibacillus darangshiensis< Bacillus methanolicus
Deinococcus  ficus~ Rhizobium  pseudoryzae Bacillus
methanolicus [f] 16S rRNA F& [X )5 %1 48 1L B 49 Wi A
94.948% «  96.304% .  93.499% .  96.453% .
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Figure 2. Distribution of different genera. - 20°C and - 80°C
represent the storage temperature of soil. Dc, Deinococcus; Po,
Pedobacter; Ab, Acinetobacter; So, Sphingobium; Rb, Rhizobium;
Bd, Brevundimonas; Pb, Phenylobacterium; Ed, Enhydrobacter; Ke,

Kinneretia;  Bb,  Brachybacterium;  Rd,  Rhodococcus;  Mb,

Mycobacterium;  St,  Streptomyces;  Mc,  Micrococcus ; 0b,

Oceanobacliius; Eb, Exiguobacterium; Sb, Scopulibacillus; Sl,

Staphylococcus; Pb, Paenibacillus; Bi, Bacillus.
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%Il A 2 B A B K 39 BR g B %
i Al A BN 2 T TR o 33 BRAH B (2005 R
WRELI) 85% ) A1 2=/ 1 M A1 g 0% I3 o FL i B B
Streptomyces sp. G2-520 H A B = =8 H i b5 8 2
SN 6 T A T T, B BK Bacillus sp. G1-4-80.
Streptomyces sp. G1-820 73 Bl EL A5 5 Fh A [F] 1 A &b
WS 0 AR R I 4% 40 T b e A1 WS T 1) B A
BT 77 I A 156 F TR PR T 5 7 0 I8 P R PR B
O R B 64% A2 A5, 4y & T Bacilluss
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Exiguobacillus Streptomyces

Micrococcus Brachybacterium « Rhodococcus

Brevundimonas« Sphingobium « Rhizobium « Detnococcus

Pedobacter 55 12 J& ; 7~ I & H B W B BOR 2, 400
41% , 4y J& T Bacillus Oceanobacillus « Exiguobacillus

Streptomyces~ Brevundimonas~ Phenylobacterium %5 T3

J&. e kM Ak BE 4y MR 28 Cuibutyrin,
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BIAHR A B9 AN B AR i) 30% o HL 2T YE 5K I
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XF 39 k4R B AT SO B R HTE B 0 1 52 5
KO 6 HRANE X2 1 R A S U,
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Bacillus sp. G1-520. Bacillus sp. G1-4-80. Bacillus
sp. G3-5-80. Streptomyces sp. G2-520 FEHIH A K 22
24 w4 K, #  Bacillus sp. G1520.
Streptomyces sp. G1-820. Streptomyces sp. G2-520.
Bacillus sp. G1-4-80. Bacillus sp. G3-4-80. Bacillus
sp. G3-5-80 W] 41 il A L ZF AL AT K 2R K T R
G1-5-20. Streptomyces sp. G1-820.
Streptomyces sp. G2-520. Bacillus sp. G14-80.
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3 ik

H 2 i DX 4 49 R L A 10 A2 4F, P g
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(I C b ks B 9 1l 848 FF B 1 TR 20— £

5 T U AT ST AR () 7 955 23 B T 2 00 0 2 0 A o
SRAR TR B b e T 3 T A0 5 5 £ R A P s
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ST A S TR B 35 5 i DA R 3 5 3 18 X 1 K 10
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Tabacchioni ™ %6 g BF 5 15 5 WL A [ 1) 85 7% 2 4y
AR AR WA BRZE . AWEIU, il A7 AE
AN R BE R B A O Il R A, 2 R AR G TR
Aii 4 FpAS [R] () B 7R BEJFAE 2 Ml B2 R 55 7% DUSRIOR
A8 2 1) 4 w) R A0 T T R . WE 5T 3L O 3 A9 B
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) 0 VT 2 A AR — 08 1 R IR
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W4t 2 R 25 T4 4 AL A I FE L 2 B A 3
TR AUFTE TR T A BE R 1] 4 K26
TEFRBRT PR b T 52 15 3% 7 ik R R 23 8 45 30 4h T
(cyanobacteria) Fl [ #F & (Acidobacterium) Bl | /N
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KT A IO 5 (06 IR KT 55 AR
MR 2 A . MlkEwiRE T4 (McMurdo
Dry Valley) -t 3 th 73 B (¥ B R 2 5 B IR FF B
(Corynebacterium) « JG t4 ¥ & (Achromobacter) « % {3
T R I B ( Arthrobacter ) « ¥t ¥
(Flavobacterium) 138 BK B4 « 81 Bk 5 (Planococcus) « %
L) ( Pseudomonas ) « % F W i K K
(Nocardia) %" o 14 B kA %5 6 e Ml 3 /R 18 07 2 8+
S5 A1 V1K) 23 1 0T 5 b IR AR R L VA R 2 ST 1R I A
M IX T AR R, 53 AN % X8 B T
TR AT i 1 BR TR B R (Alcaligenes) » BFF T
J& (Flavobacterium) F1 735 41 14 )& i R W ZE A AT R
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Exrtacellular enzyme activity and antimicrobial activity of
culturable bacteria isolated from soil of Grove Mountains,
East Antarctica

Ning Dong'?, Di Zhang’’, Yong Yu’, Meng Yuan'?, Xiaohua Zhang',
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Abstract: [Objective] To investigate the composition of culturable bacteria from soil of Grove Mountains, East Antarctica
and analyze the production of extracellular hydrolytic enzymes and antibacterial and antifugal activities of these culturable
bacteria. [Methods] We used spread plate method to obtain culturable bacteria. Phylogenetic relationship was analysed
based on their 16S rRNA gene sequences. We used plate method and agar block method to detect the production of
extracellular enzymes and antibacterial and antifungal activities of these bacteria, separately. [Results] We obtained a
total of 39 isolates from all the soil samples. They belonged to 20 genera and grouped into Firmicutes, Proteobacteria,
Actinobacteria, Bacteroidetes, Deinococcus-Thermus lineages, of which each group occupied 48. 7% , 25.6% , 20. 5% ,
2.6% , 2.6% of the total, respectively. Bacillus was dominant. We isolated different strains from soil stored at different
temperatures, and this may be explained as viable bacteria were different at diverse temperatures. Of the 39 isolates 33
showed the activity of producing at least one extracellular enzyme. Amylase-producing strains were the most (64.1% ) , 6
strains were able to inhibit the growth of at least one tested bacterium or fungus. [Conclusion] Strains with extracellular
enzyme activity and antibacterial and antifungal activity would contribute to the exploration of cold-active enzymes and
antibacterial (antifungal) material in Antarctica.

Keywords: Grove Mountains, culturable bacteria, isolation and identification, 16S rRNA, extracellular enzyme,

antibacterial and antifungal activity
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