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Resources and enzyme production of thermotolerant
microorganisms in the Gobi Desert of Turpan

LI Lixia, WEN Feng, LUO Dan, LIU Qin, XIA Zhanfeng*

Key Laboratory of Protection and Utilization of Biological Resources in Tarim Basin, Xinjiang Production &
Construction Corps, College of Life Sciences and Technology, Tarim University, Alar 843300, Xinjiang, China

Abstract: [Background] Turpan Basin presents a dry climate with little rain, high temperatures
in summer, and strong ultraviolet radiation, which make it difficult for common microorganisms
to survive. Therefore, it is a precious place to explore thermophilic microbial resources.
[Objective] To obtain thermophilic microbial resources in Turpan Basin, explore their ability to
produce thermostable enzymes, and promote the development and application of thermophilic
microbial resources in Xinjiang. [Methods] Six medium with different nutrient levels were used
to isolate thermophilic strains from the surface sand samples of the Gobi Desert in Turpan at
50 °C. After the isolates were identified, the capacity of the isolates in producing amylase,
cellulase, xylanase, glucanase, and protease at high temperatures was measured. [Results] A
total of 41 strains of thermophilic bacteria were isolated, belonging to 6 genera (Bacillus,
Paenibacillus, Brevibacillus, Anoxybacillus, Aeribacillus, and Caldibacillus) of Bacillaceae.
Among the 41 strains, 29, 29, 33, 37, and 37 strains produced amylase, cellulase, xylanase,
glucanase, and protease, respectively. Strains TRM81951, TRM81961, and TRM81969 were
capable of producing multiple enzymes. Strains TRMS81953, TRM81988, TRMS81972, and
TRMS81957 had strong capacity to produce amylase, xylanase, glucanase, and protease,
respectively. [Conclusion] The Gobi Desert in Turpan harbors multiple thermophilic strains of
Bacillaceae, and most of these strains have strong capacity to produce hydrolases, which are
conducive to the utilization of nutrients in the barren environment.

Keywords: Gobi Desert in Turpan; thermophilic microorganism; isolation and identification;
enzyme-producing capacity
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Table 1 Fabrication of glucose standard curves
WS AWEER R ZREK DN it
Test tube  Glucose standard  Distilled DNS reagent
number solution (mL) water (mL) (mL)

1 0.0 2.0 2

2 0.2 1.8 2

3 0.4 1.6 2

4 0.6 1.4 2

5 0.8 1.2 2

6 1.0 1.0 2

7 1.2 0.8 2

8 1.4 0.6 2

JEAE AL bRAVEIRL, 3 7 A A Tk B S WO
{ELIA] A s oy £ 1210

E A WS T I SR 3,5- A Ok M
:(DNS & a35)P ) FFr iR -Na,HPO, 2% i
WRECH] pH {E R 6.0 A 1% 0] Mk S 1 Vi Ve N
P . B 0.9 mL IR Fi#L 10 min, fIIA 0.1 mL
M, SO 10 min, JIA 1.5 mL DNS %R 11
R o WK 5 min, FRKHREMERE, H
G CICEETHINE ODsgo fH o Y45 35 25 Wi v Hh
2, THRERE A I RO, AT SRR il
T RNER 3 W, BOPHE, &8 LE
Wb 22445, JFEHEAT b, i 22
SR FEME, P<0.05 MR EMEZER,

TERTBRIG SR (U): 7E LR RNIAR T,
B34 B Y 1 pmol Y A JEUME FIT 75 5 4 B
1 AN B Y
1.5.2 FAHEZREHESHEN

P45 . R BRI A & L A AR
fErh g 2:i e 1.5.1,

2F 4t 2% WS 77 R FH U8 4R T (filter paper
activity, FPA)YME L. 1] 20 mL HIEKE
A3 S AL 0.5 mL 1 pH 6.0 A #7162 1R 2% vl
Wi 1.5 mL, [\ 15 P MmA 1.5 mL DNS

WA, AE R 2s PR R AETCA 50 °COK IR #R
I, 10 min JE A JELR(50 mg), IR 1 h
S B S BV ) HoAth a8 oA 1.5 mL DNS i
N, B R A KT, 5 min FEGE . B
ERZE20mL, A 15U R T ODs4
W

£ 2 RIS 1 8. 7E 50 °C, pH 6.0 f 4%
PEF, BRI R 4377 £ 1 pmoLL 45 %4 4
T i 1 AN B S1 B (U),

Y R BHE T A AR
FPA=MxVx5.56/(AxBxT) (1)
o MO A A S B (mg) ;s VN E BT (mL) ;
T NN [E(h)s A i (mL); B I
i (mg); 5.56 & 1 mg 7 250 S W0 Y
It (umol).

1.5.3 FEARBEHAEEKRN

Tl =380 1) i # SORH A P i) 25 ) 1.5.1

AKBEPRUERR LR 22 . #2382 WIBCR R4
BUbR ME AR WA W (1 mg/mL)FIZR 1B /K & T4
o, S 1 mL DNS 8%, ¥ 5 min,
BHIF A 8 mL ZZ1K, 1R2), ANk
JETHI A ODsao WGRE . BB REE 3 A F
11, BOFEME . DIOGEEE I AL bR, ARbEk
JE AR AAR 22 AR 1 2

2 AKEEFRERZBHIE
Table 2 Fabrication of xylose standard curves
WE RS ARRERR 280K DNS 5l

Test tube  Xylose standard Distilled DNS reagent
number solution (mL)  water (mL) (mL)

1 0.0 1.0 1

2 0.2 0.8 1

3 0.4 0.6 1

4 0.6 0.4 1

5 0.8 0.2 1

6 1.0 0.0 1
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A RS 7 000 %2 SR F DNS 8 a7k,
FEG 1 mL AIAZF] 4 mL FH pH 7.0 ¥R -Fris
PR BN 2% D R L T 1) 1% AR M I 0% T L 60 °C
KB 5 min, HIA 1 mL DNS, #/Ki#hn#
10 min, FE A ZE 10 mL, LK IE 1Y BB AT Ay % IR
FHEEAM3 6 EEE TN E ODsao WO .

RBWERGG RN FEREMAMT, 3
57 Bsf 18] (min) A K SR EBERE AL 1 pmol 8 bl
(CAAKER )T (0 il 1A g Bz 7,

AR T A
BEE 77(U) = 1 000xMxN/(TxL) )
s MO JEOE R Y BT it (mg) s N O R
WA E; T OB ] (min); L SR SO B
FAF (mL) o
1.54 FEREHRNESRN

Tl W o5 RELBE VR ) T 2 L o AR
fErh g 2:i e 1.5.1,

ISR ME RV SR ME . RIS T pH
6.0 I CTREAZE sl B — 1, U 50 °CHiliA
FIHE BB 1.0 mL, JIIAZE 50 °CHUAM 1.0%
B-7i BB WE 1.0 mL, 50 °CIE Y 10 min,
SEEVANA DNS 57 3 mL, JR%), 7B DNS
I R R

RG2S fE LR AT, B
AR 1 pmol i JEOBE BT (W B 1 A
WAL, LU FRP

MBS A A
Bt TG 71=MxNx1 000/(T=Lx180) (3)
A MR SR 5 (mg) s N A iR 86 )
fE850; T g SO BOHE] (min); L Sk B il 4 A
PRB(mL); 180 Ay A5 i AH X 70 i i
155 FEEABRNESRN

ol =8 1 ) B SORH it e ) ) 25 ) 15,1

Z: HESCHR[29138 7. Lk IR HERZR . B 6 3¢
R I, R 3 MRIMA 0-50 pg/mL ¥

JEE R FE W S R BR I T AW 1 mL, B4 435I A
0.4 mol/L BREZENI 5 mL . #RAENAF] 1 mL,
BT 37 °cCKB A 15 min, BUBJFA IR
Yk, 680 nm I K I FLWR O BE AR . DU 3 UK,
OV 408 o ARAEIOG ARV EZeME A R, %
FERERE 1 XN - 2R o i (ng) WS TR
(R 0 K (B R

SR FE A PR B 2 A6 0 2 1 T T A A
FLEG M 1 mL, 40 °CHIE 5 min, 1% & 1
W 1 mL, 40 °CHi# 5 min, —FIEA, 40°CK
% 10 min, fIIA 2 mL 04 mol/L =& L&
(trichloroacetic acid, TCA), #£%4]; %54
2 mL 0.4 mol/L TCA, HAhA B S5FE M EME .
HHSEMSAERE 4 000 t/min #5.0
5min, BUEWEW 1 mL, J&/0 0.4 mol/L Na,COs
W S mLIRS), e IAEARE I 1 mL 1R 5],
40 °CIEIE & 6 20 min, LAEBEFRKIAZE, ff
FH 10 mm- BE 68 L0 2 A 5 78 R 28 1480 A IO
E OD6800

OB AL Bl SR (50 °CHI
pH 7.0), 1 min PAHBHAOKARIICAIRE S 74 1 ng
i SRR 0 T e O R SRy 1AM 7 BT

*3 EERERZHTIE

Table 3  Fabrication of tyrosine standard curves
REHS BEEMPSMER 0.4 mol/L FRFR 8 AR 7
Test tube Tyrosine H I R Folinol
number  standard 0.4 mol/L reagent
solution (mL) sodium (mL)
carbonate
solution (mL)
1 1 (0 pg/mL) 5 1
2 1 (10 pg/mL) 5 1
3 1 (20 pg/mL) 5 1
4 1 (30 pg/mL) 5 1
5 1 (40 pg/mL) 5 1
6 1 (50 pg/mL) 5 1
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E ARSI A
X=0Dg5oxKxVxN/T 4)
A XM 1 (U/mL); ODggo A A% 1A
TGRS RO ; K R R b o i £ 1
SV N AR T (mL) ; T 2k 52 B[] (min) ;
N AT BEAEEL

2 HERE5M

2.1 MAEKNSESSEKER

OB A AT 3] 41 BRI B, 2 BB bk B
BN AR, IR, R B RS, A
FEW, BRAGHMEGS, ZREELDEAESS.
2.2 MAEKINEESR

I 3 3 B AR AR T R R 16S
rRNA FEPRIN PP FIARBURE FEXT, HI A i
(FE4).
23 MAEKNRZELZESH

WA S0 43 545 21 A9 R R MEGA 841
B+ (neighbor-joining)7k X} 16S rRNA K& [K ) 4]
AT RG K BRI 1),

I T b X A FE A AR 41 BRI A
W, &2%EsET 6 ME, Wik MirEE
(Bacillus) 9 Fk. 22 14T I# J& (Paenibacillus)
1 Bk, %65 2F /AT )8 (Brevibacillus) 7 #k. &
A T & (Anoxybacillus) 2 ¥k . 748 2 AT
J& (Aeribacillus) 11 £k . #2876 #F & )8
(Caldibacillus) 11 #. iX 6 ~J& &R 437 75 ZE F AT
#FH(Bacillaceae), ZF T IR} e MUY (1) R AIE 2
TR, ZRREA T . T 5 R 5 S
S, BRRBTN A2 kB A R RERER 2 SR T R
W PTG o i SR R
24 MEFBWXAEIFHRBEINTH

AN S FR TR AR v BE AR S AT T R4y, A
TR J& E 4T AR ) FL ) LI 2.

PSSl o VTSI 7 S R £ AR 2

TLFOE mr S WwER M FwE, Hf
Caldibacillus A3\ & ; ik TLF@)(0-500 m)
0w R E AL, 2 A Brevibacillus #
Bacillus; "Ik TLFG)(500—-1 000 m)kE i H
Caldibacillus. Brevibacillus #1 Bacillus £% 5 =
Sy Z—; WK TLF@(1 000—1 500 m)k: 5 A
Aeribacillus (5 % . Bacillus 7 &5~ 13 5
FE S A B, A AiYa B )T 5 Paenibacillus
H3 AT 1.000—1 500 m H9VE3K = BERE S P .

I 65 7 2 1 PSR 2 TR [ VR AR e AR A, R
BEILIAGE, WRTE 2= K. AN AR - S8R
BB ME KA EZER, MEEwRFE
AR AT B ARl . ik e S R AR T
(<0 m)By HIEEFRY SR . R,
Mif P GAE D Eic 2 , R 2R FEE 5 IR (0-500 m)
PR R (500-1 000 m)J B . B IR K
ik, SoKkEMR, MAwMEMEELD; ik
(1 000—1 500 m)FESHIREREAL, SR,
A YB3 .

25 IEFEMANHEERAMENTS
A

KF NOM-1, R2A, TSA, NA. LB, F6
I 6 FhlEFR ALy B B RSP, A
[Fi) 35 75 o g B ) 45 T o LG LA 3

ML 3 ATOL, AN R RP S 4 35 55 0 4y B R AT
B R B SR AR D R R A B B 2251 . TSA
I NOM-1 K5 50 B WO B, W8 2 T oA,
BEFRHE, TSA HiFRIEER T Anoxybacillus,
NOM-1 } 3R T Paenibacillus #h, Hi4x 54
JEHERE > B8 F . F6 B3k R Eas T
Brevibacillus, R2A 15353 H /25452 T Bacillus,
F6 1 R2A $5 5% FE 075 S5 W o0 vl AR XA, 1
A8 77 TR B 1 85 92 B AN 38 A FH T i S E 9
M43 . LB fil NA KR LB R FE, 7 ERE
AT A AR 2
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Table 4 Information of strains isolated from Turpan soil

Fr5 k73R B iR ARBL T P T KARBLEE
Serial No. Strain No. Medium Similar strain Maximum similarity (%)
1 TRMS81951 ITSA Aeribacillus pallidus 96.75
2 TRMS81952 ITSA Aeribacillus pallidus 99.93
3 TRMS81953 1/2TSA Bacillus haynesii 99.93
4 TRMS81954 1/8TSA Caldibacillus hisashii 99.36
5 TRMS81955 1/4LB Aeribacillus pallidus 98.57
6 TRMS81956 1/4TSA Bacillus manusensis 99.79
7 TRM81957 1/8LB Caldibacillus hisashii 99.36
8 TRM81958 1/2LB Aeribacillus pallidus 99.14
9 TRM81959 1/2LB Aeribacillus pallidus 98.42
10 TRMS81960 INOM-1 Aeribacillus pallidus 98.85
11 TRMS81961 1/2NOM-1 Bacillus paralicheniformis 99.79
12 TRMS81962 1/4ANOM-1 Brevibacillus limnophilus 99.43
13 TRM81963 INA Caldibacillus thermolactis 99.79
14 TRMS81964 1/2NA Caldibacillus hisashii 99.36
15 TRMS81965 1/2TSA Brevibacillus limnophilus 99.71
16 TRM81966 INOM-1 Aeribacillus pallidus 99.21
17 TRMS81967 1/16LB Caldibacillus hisashii 99.50
18 TRM81968 1/8NA Anoxybacillus calidus 98.71
19 TRM81969 1/8NA Bacillus licheniformis 99.50
20 TRM81970 1/2NOM-1 Anoxybacillus vitaminiphilus 98.01
21 TRM81971 1/2NA Caldibacillus hisashii 99.35
22 TRM81972 1/4ANOM-1 Brevibacillus thermoruber 99.56
23 TRM81973 1/16NOM-1 Caldibacillus hisashii 99.92
24 TRMS81974 1/4F6 Brevibacillus limnophilus 98.07
25 TRM81975 1/4F6 Brevibacillus thermoruber 99.64
26 TRM81976 1/16F6 Brevibacillus thermoruber 99.57
27 TRMS81977 INOM-1 Aeribacillus pallidus 100.00
28 TRMS81978 1F6 Brevibacillus borstelensis 98.16
29 TRM81979 1/2NA Bacillus tequilensis 99.93
30 TRMS81980 1R2A Bacillus licheniformis 95.53
31 TRM81981 1/2TSA Aeribacillus pallidus 99.23
32 TRM81982 ITSA Paenibacillus phoenicis 99.93
33 TRMS81983 1LB Bacillus licheniformis 99.57
34 TRM81984 INA Bacillus licheniformis 99.78
35 TRMS81985 1/2NOM-1 Aeribacillus pallidus 99.64
36 TRM81986 ITSA Caldibacillus hisashii 99.01
37 TRMS81987 1/2LB Aeribacillus pallidus 99.44
38 TRM81988 1/4LB Caldibacillus hisashii 99.29
39 TRM81989 INOM-1 Caldibacillus hisashii 99.36
40 TRMS81990 1/4ANOM-1 Caldibacillus hisashii 99.79
41 TRMS81991 1LB Bacillus licheniformis 98.00
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1 ETHoBEHNMAERE 16S rRNA EEFIENRGLEN  IrfOVFIIZERI T RKE;

TS AL TN bootstrap H; 55 M BIEUT A GenBank &5k 5
Figure 1 Phylogenetic tree constructed based on 16S rRNA gene sequence of isolated heat-resistant bacterial
strains. The ruler is the branch length of the sequence difference Degree; Numbers at the branch points indicated

the bootstrap values; Numbers in parentheses represent GenBank accession number.
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Figure 2 Heat tolerant bacterial strains isolated
from soils at different altitudes. (O: Ultra-low
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@: Medium altitude.
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Figure 3 Heat resistant strains isolated from different
culture medium.
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N 22%. 7%. 35.5%. 7%. 28.5%; WEN
1/2 B} P& & @ A2 45 Caldibacillus. Brevibacillus,
Anoxybacillus, Aeribacillus fil Bacillus, KX 4
F 17%. 8.5%. 8.5%. 41%. 25%; W& Ny 1/4
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il Bacillus, KK 5 50%. 25%. 25%; HeEE
o 1/16 B} Pr % @ & 43 il J&  Caldibacillus F
Brevibacillus, #K X 5 . 66% .34%. Caldibacillus
R EHRBEAE I, T Paenibacillus H 415 F
WRE R 1 SR

B SR BL 0B SRR R A P A K
BRI R, HEORFEE IR IRIE R 352 3 0 B kA5 1Y)
Tl TR W, o PRG35 i 3 Mk 32 R IR A1
T PG A P e VB B B D . VR B A R
IR R G B AR KB T E M E SR,
STEPRB AR E L VSRR
SEBR T BAE IR A
2.7 MEEWMRMEDN~EEE
2.7.1 FEEMESEEN

SR W, 41 BRI P AT e R il Y
A 29 Bk, AT D/ E, HEHHE>1.35 1)
8 MRIAIEAT RIS F, THETEM B T . &id
S0, AR TRMS81953 Y= JE My BFAE /1 fe
9 131.156 U/mL, K R FE#k TRM81969 FlTH
Pk TRMB1951, HYEMmlG /134 92221 U/mL
76.062 U/mL,
2.7.2 YRR

L3S I, A1 PRI R TR AT R 2 2R Y
A 29 ¥k, HHEH D/ (H, i HE>1.8 B
10 PRI TIRAR R, Aor ) FL2F 2 22 s e
2ok 5 0%, TRMS81951 P4k X i
KE| T 89.005 U/mL,

oy
B [F ,

2.7.3 FEAREEESRE

41 R PR H AT R R AR 33 Bk,
THEH D/dE, 36 (B >1.35 1) 8 PRIFHEA TR
& e WA G . 45 R TRM81961
FERRNERRE ) B, IAF T 99.426 U/mL, H:
Y TRM81968 Fl TRM81951, I A B A il
T S5y ik F] T 92.430 U/mL F1 88.559 U/mL.,
2.7.4 FEIRERRE

41 FRT AT Hh ] e SR ) R 37 Bk,
THHH D/d A, 26 H H{E>3.50 19 9 BRIF IR
& kTR A DU B TR . R RO 45 R AT A
TRMS81972 7 i 5 0% Mg 16 M fe ok, 58 T
100.117 U/mL, H¥K A TRMS81951, Fijf=#i%
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EAMRE i dem, 28T 168.210 U/mL, Hik
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435174 150.100 U/mL F1 127.014 U/mL.
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FEAR R BRGNS J1 . TRMS81972 724 SR A )
DLk TRM81957 =R B YE J1 o IeAh, itk
TRMS81951 . TRM81961 F1 TRM81969 .47 [a] i
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ARIRBENE . 5 R M B R BE ) AR SE
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Figure 5 Strains temperature tolerance and optimum growth temperature. A: TRM81951. B: TRMS§1961. C:

TRM81969.
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Figure 6 The variation of enzyme production activity of strain with temperature.
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