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Table 1

Characteristics of cold-adapted bacterial strains producing protease from permafrost

sediments of the bottom layer of the Glacier No. 1 in the Tianshan Mountains

Growth characteristics

Phylogenetic affiliations

Morphological properties

Strains  protease Range Range Cell Gram Colony
Closest relative species Identity /%

temp /°C NaCl/% shape staining description
A100 + + 42437 0-6 Pseudomonas brenneri CFML 98 Rod G- white, small
A30 ++ + 44530 0-6 Pseudomonas reactans NO8 99 Rod G~ white, small
A27 + + 42437 0-4 Pseudomonas reactans CAl-4 99 Rod G~ Translucency, medium
al3 + 42437 0-6 Pseudomonas reactans CAl-4 99 Rod G~ white, medium
al + 42437 0-8 Pseudomonas reactansCAl-4 97 Rod G~ white, small
ad + + 42437 0-6 Pseudomonas fluorescens 100 Rod G~ White, small
N7 + + 42437 0-6 Pseudomonas reactansCA1-4 99 Rod G~ Translucency, big
D94 + 42424 0-4 Pseudomonas brenneri F9 99 Rod (e white, medium
N4 + + 42437 0-6 Pseudomonas fluorescens 99 Rod (e white, smal
N3 + + 42437 0-6 Pseudomonas syringae 97 Rod G~ white, small
ml2-2 + + + 42437 0-6 Pseudomonas sp. BCw159 98 Rod G- Translucency, small
Y06 + + 44530 0-6 Polaromonas sp. 1024 99 Rod G- Translucency, medium
N14-=2 + 42437 0-6 Polaromonas naphthalenivorans 97 Rod G~ white, big
A07 + + 44524 0-8 Polaromonas sp. 1011 99 Rod G~ white, medium
Y14 + + 44524 0-6 Brevundimonas vesicularis 97 Rod G~ Translucency, big
W2 + + 42430 0-8 Flavobacterium sp. Sr22 97 Rod G* Yellow, small
D84 + + 42430 0-6 Chryseobacteriumsp. TM3_8 98 Rod G* Orange, small
R122 + + + 44524 0-4 Brevundimonas bullata 99 Rod G~ Yellow, big
R124 + + 42437 0-6 Brevundimonas bullata 99 Rod G~ Yellow, small
A06 + + + 42437 0-8 Rhodococcus kroppenstedtii 100 coccoid G* Yellow, small
Rs9 + 44524 0-6 Cryobacterium sp. ER1 99 Rod G* Translucency, medium
T9 + + 42437 0-6 Cryobacterium psychrophilum 96 Rod G* Yellow, small
D5 + + 42437 0-6 Arthrobacter psychrophenolicus 98 Rod G* Yellow, small
T16 + 42437 0-6 Kocuria rosea 542 97 coccoid G* red, small
RsT ++° 42430 0-6 Kocuria rosea M1S6-6 99 Rod G* red , small
Rs7 + 42430 0-6 Kocuria rosea M1S6-6 100 Rod G* Yellow, medium
Y18 + 42437 0-6 Rhodococcus sp. 4115 97 coccoid G* white, medium

“+ + + ,diameter ratio=3; + +,diameter ratio=2; + :diameter ratio=1.

"The optimal growth temperature.
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Pseudomonas brenneri CFML (NR025103)
— Pseudomonas brenneri CFML 97-391
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y-Proteobacteria

Pseudomonas sp BJ-53 (GQ280063)

B-Proteobacteria

Polaromonas sp. 1011 (EF423325)

Uncultured Comamonadaceae bacterium clone BF
Uncultured Brevundimonas sp. clone (F1193512)

| Uncultured Brevundimonas sp. clone (FI193518)

a-Proteobacteria

99

Brevundimonas vesicularis (AY 169433)

D8-1
Chryseobacterium scophthalmum LMG13028

99 Flavobacterium johnsoniae P547 (EU984151)
39 L|:|j;7 lavobacterium psychrolimna BRC 102679 (AB455260)

| Chryseobacterium sp. TM3_8(DQ279360)
Chryseobacterium indoltheticum LMG4025

Bacteroidetes
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oo X5
90 T16
Kocuria rosea

1
Fig. 1

Cryobacterium sp. ER1 (FI517629)

Cryobacterium sp. DR9 (FJ464984)

Uncultured Cryobacterium sp. clone PIC-D17 (DQ418535)
9

og Ly Cryobacterium psychrophilum (DSM4854)
991 Cryobacterium psychrophilum DSM 4854 (AJ544063)

91y D5
DN Arthrobacter sulfureus IARI-L-60 (JF343196)
99 Arthrobacter psychrophenolicus AG31 (NR 027226)
Arthrobacter gangotriensis Lz Y(NR 029026)
98 Kocuria polaris CMS 76 (NR028924)

Kocuria rosea 5-1-2 (GU113003)

Y-18

Actinobacteria

ETA# 45 16S rRNA EFAFIIHM~EABREERAZLER

Neighbour—joining tree showing the phylogenetic relationships among protease-producing strains 16S rRNA gene partial sequences

and their closely related sequences downloaded from GenBank. Numbers at the nodes indicate the bootstrap values (70% ) based on

neighbourHoining analyses of 1000 resampled datasets. Bar: 5% sequence divergence.
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W 5 Brevundimonas bullata E. 75 99% [¥) 7 %) #H Ul
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J& > 5 B ¥k Kocuria rosea M1S6-6 HJ J¥ 1) A L 1 35
98% ; W t DS L A
psychrophenolicus B4 98% W) JF F AL M. HE T
CFB ['Jf¥) 41 W B Bk 0L 65 D8 AT W2, 73 Jjil 15 vl s
FE W AR Chryseobacterium sp. TM3 _8 . Flavobacterium
sp. S22 HA5 98% 97 % i) 16S rRNA X [K J 51 [A]
2.4 PEEEH repPCR LR E DR

WET 73 12 2 7 ARl 2 1 W 1 AR B 2 1 2 SRR
T v B4 # N Pseudomonas, 3L 11 ££, 16S
rRINA HE [K] 32 91 93 H7 2 WY Bk 22 1) 1 [R] U5 £ 97 %
DAL, 3K 22 1R K 5 2 A 6B 1) Pseudomonas Fii 1] [F]
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Mg L 22 5. R ] BOX-PCR #f 40 & & 7R T
Pseudomonas J& N B K LA N2 H 8 R 98 K B R T BR
TEFER K Ef 22 5 (B 2A) o AT LA H AR A B
R A B4 B 5 - 11 2 18], [ 2B S i AU i 2R
KM ROIRE, o T9.D8H W2, Y14 VYK 5
Pseudomonas ANJA] IJAN [ Jai » 3 I MY 4 KA 38 4% 72
5511 £k Pseudomonas spp. B ERTE 85% [ AH L 7K
b W R e O DY AN BES o N3UN4LAT00 5 A30
h— R, A27 5 al3.a4 5 N7 % H - #, A58
ARTR) B 77 3% 5 N 1% 29 0 68 B 3= = A AN ) ) A s D9
5 m122 FRG BRI AT 2 0 W RERS N T )@ N 5 b —
ARG KR RIL ) Pseudomonas Fire {91 41 (1] /2 T R
Y06, A J& T B-Proteobacteria Y. 4N 4l 1# , 15 $5 £ K 1%

WIS Pseudomonas 1A ¢ RIIT -
(A) 1234567 89I1011121314151617180M  bp

B)

000 010 020 030 040 050 060 070 080 0.90 100

2 FEOBE%AN BOXPCREGEEREXS
B E

Fig.2  BOX-PCR fingerprint patterns of isolates in 1. 5% agarose
(A). Lanes: 1, W2; 2, al3; 3, A27; 4, N3; 5, A100; 6, N4;
7, a4; 8, A30; 9, N7; 10, Y14; 11, al; 12, T9; 13, Y06;
14, N142;15, D84 ; 16, ml22; 17, a4; 18, D940 ; C,
blank; M, mark 4000bp ladder. Dendrogram obtained by UPGMA
cluster analysis of the BOX-PCR datasets (B) .
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F2 OGN AR B ARSI A R SR R W
15 S i B4 JB (Pseudomonas) (17 i V7 Bk 2 fuk g BH 44
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I3 R R A iS5G [ 1 . B PR 2 TR) AR B S S 5 R AL
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B SR 2K 70 B 45 SRR AR — 5. D9 T16. A06 [f] J&
T Rhodococcus, W] JiE /K it 9 ¥k, M. R. < VP 2 fil filg
FHAE , B R 3508 SR PH P Y6 55 N142 A= FARRE MEA )
R124. R122. Rs9. T9. D5. Rs7. Rs7 6] &
Actinobacteria, {AACZ AN [ 1 Fi Jg , A2 2 A2 A6 Ry AIE
1 72 5 2 BV IROK Ml R 38 J BT 1, ML R. L $%
fi it S 06 BH M, VP S50 B A .

®2 FRESHEEREES LT
Table 2 Physiological and biochemical characteristics of

strains producingcold-active protease

Gelatin Nitrate
Strains Catalase M. R. A

liquefaction  reduction

Y18 - +
D8 +
N7 -
A27 -
D94 -
al -
Y06 -
N14-2 - -
A07 - -
A100 + -
Y14 nd -
R124 - -
R122 - -
w2 - -
al3 - +
Rs9 - -
T16
N3
A30
ml22
T9
Rs7
Rs7
D5

N4
A06
ad - -

o+ o+ o+ o+
[

I+ + o+ o+ o+ o+ o+

I

o+ o+ o+
! S
o+ o+ o+ o+
o+ o+ o+ o+
I

[
[ S T S A
I

I
+ o+ L+ o+ o+

—, negative; +, positive;nd, not determined.
RN
3

%3 28 11 9 70 £ 5 B Tl A K R 6 < B R A
GO 2 1 P T LA R AR A 06 T B L N P 9
JIRIRE AN . AR L BR A 4 B 80% LA bk I i
PRI, 0,355 T W T R XA VAT 3 K 7 Lok 1|
Vi s SR 7RG S AR R R T R RN AR 1t T AR
Lo S R =P E NE N ORISR 1 e/ ES &N
(9 2 F 2R 3 e 38 75 % VB B2 s 3 v T R b
FIVIER 35k 1 1 FE WL A1 358 TR 500 10 ¥R E 7 TRT 7 3

TR EEA TR

R A SR S AU PR 5 P 4 A R OR 2
o T v A RS B O AR AR AE 20 - 25°C, A
I3 WK O e M v T Bl AR I B AE 10 - 15°C .
MRGRE KB WK IE & UK 1 SR i 2R
e, Humnl B IR 4 (45 6 N RGR H KA -
Proteobacteria~  B-Proteobacteria
Actinobacteria CFB ( Cytophaga-Flexibacter—
Bacteroides) ~ Firmicutes, §i T4 & R i R 5% b f 1 2
MR ETRXM Lh 2035 AU B
J& Y R G R WY N [ S [ R
INEE UK VR o ok A P B 0 A AN () J2 IR 43 2K
TG AL R R BN Y o R L
(K153 1224 % J5 20 9L 7R 5 Proteobacteria - i (5
I 4 0 L FAes Tevh B-Proteobacteria & Ty B AR #1128
TE 5 H 32 SR H 23 25 B % 0 (K 00t 9 5 9245 3 1 45 30
AN B0 5 v 2 B A 2 P B
A4, Horh y-Proteobacteria (5 5 T 1] B 3% 53 BS W)
PLIARE Y o ZEAHE U R T 8% 57 7 4 R
7K » Proteobacteria 1 Actinobacteria |7 40 & =F 5 5 4
o, Hob 3| T y-Proteobacteria ) Pseudomonas 7] 1%
Y OB E I %, IR K Actinobacteria | 1)
ArthrobacterRhodococcus, | 3 J& T+ Firmicutes 11 B8 ¥R
HamiR b, H 4y 8 8 — Pk 5 Paenibacillus polymyxa
16S K& K e 1) [ 5 P 78 98 % 1) Kk, 7 4h — kg T
Enterococcus durans (4% 30 o AR 4R IE) » (H R & s
HA 77 E L

FI R A B AR B4 558 23 29 1) 7 o 1 I ) R R
B IR R B T yProteobacteria WA HI LLF JLAS
gl &
Psychrobacter
Colwellia, UL J¢ 3 J& T CFB )4l i Sphingobacterium -
Flavobacterium, T Actinobacteria ' % 5 W 1 &
Arthrobacter Rhodococcus J&, #H L 3 11 & K J& T
Firmicutes f) & #RAR /b, Ho i y—Proteobacteria IV 4 )
Shewanella~ Colwellia T % % I T & i UL L )2 L
AW S R, K — 5 0K I E B Ui 2 ™ ik
FIEE 1 R o R B i 1 g2 Pseudomonas Al
Arthrobacter, R4 KK & 7 M7 Y5 7~ » Pseudomonas “h %
BEPE S 2y 20 (1 2) o sk, AR I
UK AR UT AR 20 3 10 7 2 56 AR e
I1IE4H B-Proteobacteria W.2M [¥] Polaromonas J&, 1

y—Proteobacteria

Pseudoalteromona- Pseudomonas-

Stenotrophomonas Shewanella
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Phylogenetic and physiological diversity of cold-adapted
bacteria producing protease from sediments of the bottom
layer of the Glacier No. 1 in the Tianshan Mountains

,2
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Hong Zhou”, Guodong Cheng
' Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou
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Abstract: [Objective] We characterized proteolytic bacteria isolates from 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 and ecological distribution of psycrotrophic and psycrophlic bacteria populations. [Methods ]
Using the screening media containing skim milk, we screened cold-adapted strains producing protease. Taxonomic identity
and genetic variability of strains isolated was determined by partial 16S rRNA gene sequences and repetitive-element PCR
fingerprint. [Results] Of the total 125 cold-adapted bacterial isolates, high levels of protease activity were observed from
27 isolates at optimal growth temperatures ranging from 15 to 24°C in plate assay. Among 27 protease—producing strains,
only 6 isolates were psychrophilic. The 16S rRNA gene phylogenetic analysis revealed that protease—producing isolates
belonged to 5 phyum, namely a+, B and yof Proteobacteria, Actinobacteria and Cytophaga—Flexibacter-Bacteroides. They
are affiliated to the genera Pseudomonas, Polaromonas, Brevundimonas, Rholococces, Cryobacterium, Kocuria,
Arthrobacter, Chryseobacterium and Flavobacterium. The populations of the predominant cultivated protease—-producing
bacteria are the Pseudomonas spp. (40.7% ). [Conclusion] The results enriched our knowledge on the phylogenetic and
physiological diversity of cold-adapted strains producing protease in cold environments.

Keywords: permafrost, Tianshan Mountains, bacterial phylogeny, cold-adapted protease
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