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FARE, JE30%4 LB R T AR 43.68%098487% 71; %84 0—1.5 mol/L 49 NaCl i5i F LA R )
BEAE R FF BT AR L 0.8 mol/L ] A4E. AMAAKYN, CdBglA ZE M+ iEEE, BA iz pH AR
o, HAFKIHNEEBT. AIEH. NaClA=F B ARELA RIR GG AT b, LA VLG
BT A T A = F B —Z A F M.

XiIR: EBMEH; GHI Kik; B-F AEFH; B ZM; BFiHR

Expression and characterization of mesophilic GH1
B-glucosidase CdBglA from acidophilic Cuniculiplasma
divulgatum

HE Jinjian', SHEN Fengfei3, LIU Xinhan', YANG Tianjun", LI Baotong', SHI Pengjunz*,
LIU Huiqin'', ZENG Wanning'

1 College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300392, China

2 Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha 410205, Hunan, China

3 Jiangxi Zhonghong Boyuan Biotechnology Co., Ltd., Nanchang 330200, Jiangxi, China
4 Suijiang Xingbang Agricultural Development Co., Ltd., Zhaotong 657700, Yunnan, China

Abstract: B-glucosidase has important applications in food, pharmaceutics, biomass conversion
and other fields, exploring B-glucosidase with strong adaptability and excellent properties thus
has received extensive interest. In this study, a novel glucosidase from the GHI1 family derived
from Cuniculiplasma divulgatum was cloned, expressed, and characterized, aiming to find a
better B-glucosidase. The amino acid sequences of GH1 family glucosidase derived from C.
divulgatum were obtained from the NCBI database, and a recombinant plasmid
pET-30a(+)-CdBglA was constructed. The recombinant protein was induced to express in
Escherichia coli BL21(DE3). The enzymatic properties of the purified CdBglIA were studied.
The molecular weight of the recombinant CdBglA was 56.0 kDa. The optimum pH and
temperature were 5.5 and 55 °C, respectively. The enzyme showed good pH stability, 92.33%
of the initial activity could be retained when treated under pH 5.5-11.0 for 1 h. When
PNPG was used as a substrate, the kinetic parameters Ky, Vimax and Ke./Kn were 0.81 mmol,
291.99 pmol/(mg-min), and 387.50 s ' mmol ', respectively. 90.33% of the initial enzyme
activity could be retained when CdBglA was placed with various heavy metal ions at a final
concentration of 5 mmol/L. The enzyme activity was increased by 28.67% under 15% ethanol
solution, remained unchanged under 20% ethanol, and 43.68% of the enzyme activity could still
be retained under 30% ethanol. The enzyme has an obvious activation effect at 0—1.5 mol/L
NaCl and can tolerate 0.8 mol/L glucose. In conclusion, CdBglA is an acidic and mesophilic
enzyme with broad pH stability and strong tolerance to most metal ions, organic solvents, NaCl
and glucose. These characteristics may facilitate future theoretical research and industrial
production.
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B- i 2 i i (B-D-glucosidase, EC3.2.1.21),

il £F 4 MR ATV, ATk R A i
F A E B B AT, AR KR B-D- A ST
PR B-D- 25 WA I A B, )32 A AR
% N2 YA = 7 0 | AN 1 4 it
Tl B Ak 22 U 2T B A T 1 7 R AR AR
RFEEE b2 80 RN 564 . =il . oo k22 5%
KRR hil 2y, mEA MR RN O . b .
NaCl s Fm 2, PR sk, PERErEss).
AN A R PRI B A i A L R
PER, AE Tk AR R S Y, A B-
WAPFETT R IE R, EAE 40-70 °CHYIR
FEF pH 5.0-8.0 Z [ BAT S 15 1k, SR TR 2L T
7 P SRl 3 P A A e e e L i, e
F R pH 7€ 2.8-3.8 WL FEIN , 7EBRYE pH T
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ARWFFEIN NCBI Edhs e 45 1) — Fh g IR iy
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TG B-HI M B (Ar 244 CABglA)E A, K
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Fik | AifbfE Ry B-H A B BRI T R G
PRI E 5B , LASYI A 4 Je ot B He st ) 7 7R -
HEE B R RIS

1 HE5x=

1.1 FRIEPRFNELE R

HAH TR pET-30a(+)-CdBglA K %8 H 1 Bk
pET-30a(+)-CdBglA [BL21(DE3)]) il 49
(LB A PR w A
1.2 RFIFEERZEE
1.2.1 U5 R A6 i 551
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(p-nitrophenyl-B-D-glucopyranoside, pNPG) I H
Sigma /AH]; BCA & 1 & {7 £ (BCA Protein
Assay Kit)lg b0 A B R A RA A 5 %
B BEEHREY . RIS R A R in s
B 1 Al AR 2R A5 At Ak 25350 Sy 1 0 s
Mradi,

122 EFEREXBR

LB AR5 5 g BERHZIY), 10 g AR
FI5, 10 g NaCl, FHZE/KESRZE 1 000 mL
17008, #RJ5 121 °C K& 15 min,

LB [E{REEFREE: 5 g BeRHRIW, 10 g R
I, 10 g NaCl, 20 g Bilg#r, FZEIMKER
%1000 mL #4743%%, 285 121 °C KT 15 min,

50 mg/mL RAREE 2 : FREL 500 mg RARE R
W REKP, EAZE 10mL, 0.22 um JEK
T UERRTE , 433 1 mL /M AE T 20 °C.

1 mol/L IPTG ¥ : HL 2.383 g IPTG, HIZ%
WK EZZE 10 mL, 0.22 pm JEETIERRE , 4
% 1 mL /M AEF—20 °C.

0.1 mol/L #BEMRTAR : PRI 19.2 g FPlERR
BARR , Seani it T/ 0wk, Ri5eE
ZRZE 1000mL, 4°CIRAAFEH.

0.2 mol/L Na,HPO, ¥ ¥ : FRHL 284 ¢
Na,HPO, AR, o5t it T/ m 72818 K
i, RIGERZSE 1000mL, 4 CIREAER.

8 mmol/L pNPG Jik#: FrHL 0.108 g pNPG
W ARy AR M RS I AT 50 mL 248K Y, —20 °CIf
e .

1.2.3 ig& U

G TAE G A A6 RS KA S A
B Hl; PCR ¥ 344U A Bio-Rad A5 W/
PEFEER I B Kylin-bell {X 2§ 1 47 PR A w5 558
o SO O e P AR A A PR ]
SR K AR A RS A R

&: 010-64807509

WD-9406 T fig i AT F AL 5t 7S —AUER s
Al S 20 R BRI ZKORE | P I 2 B L A
Bk AR
13 7%
1.3.1 CdBglA B9iFS . ghift R

B R IEFEE A pET-30a(+)-CdBgIA T# i LA
1% R T 300 mL - RARE 2 (50 mg/mL)
f) LB WiiARFEEH, 37 °C. 220 r/min $R%
B3 3—4 h 5, % 180 pL 1 mol/L IPTG YA (15
100 mL LB ¥/l 60 uL IPTG), 37 °C., 220 r/min
PG R IR 4-6 ho B IR, 5 0 B A T O
(12 000 r/min. 4 °C. 10 min). ®WAEBEHEGELT
ZM: 25 min, 6/10 s, 35%. VKify). MG
A (R L3 ) RIS 3 &r il . 4R )5 {8 His-tag
wE Bk alifb 85 A B IF 4T SDS-PAGE 2 1 HL UK
BIE
1.3.2 CdBglA RIEEE 1 E

K pNPG ¥ %E CdBglA RS 71, Bl
Ll pNPG NJEYIE CdBglA WIEETE 11, [
MK Z R 2 mL (250 uL+250 uL+1.5 mL), 40
SEEBE 3 N AT AL L AR IR, B
IR : B 250 pL pNPG (4 mmol/L)JE#)F1 250 uL
YRR RO A Ak v T e s T, BT
55 °CfHE i KV B B SR 10 min, {5 5
SRV aaiG, RMSEMEHRM 1.5 mL
Na,CO; (1 molVL)EW A 1k, 5k FR
BHEZEE, AT AE 405 nm I E %K
R
1.3.3 CdBglA RiERERARTREMNE

WG pH MIFTFIEIR - IR = N5 v
PR 10 4 A B AEAS [AHRLBE (30—70 °C) F kA7t
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SR 5 1 5l pH (B 2% wp RO BF 220 M A5 5, LA
AL PR S 1 S I, I E CdBglA HIAH
XoF G 7 AR Y RGPk o
1.3.4 CdBglA BI5&iE pH & pH f2E MM E

YR JE M4l fb BEfEANTE pH (3.0-11.0)%%
PR HEA TR SN, U AE CdBglA H il pH.

W10 5 B SE AL REFEAS R 1Y pH 22 vPil
H 37 °CERALFE 1 h, SR )5 FlfciE pH (pH 5.5)
() 2 PR B 20 A E, FE RS REE (55 °C)
FIE CdBglA FINMEGEIE J1 . DIA AL BRI 1)
FitE 18 100%, W5 AN [R] pH A 3RS B AH X i
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1.3.5 CdBglA BBRR N TFEH

FEfE pH (pH 5.5)FIEGETREE (55 °C) &1
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Yl CdBglA 1 i 36 J7, W 45 SRl A
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1SBEHE SN B 15 8 Koy Vinax, e L
— R R B AR Kead Ko
1.3.6 CdBgIA BRI Z N E

TEfIE pH (pH 5.5)FIFE IR (S5 °C)%& M4
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51446 bp, Fitid 481 PNEIERR, HEATN D
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divulgatum 25 1 FGARBEIA) B 1T il 2L A
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Gl —BHEAUN 47%,. FiRE5 R £ CdBglA &
F C. divulgatum XK JE GH1 Kk B-# %5 H
T
2.2 CdBglA BIFRIE 1L K% SDS-PAGE 734
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1 CdBglA £F5 GH1 RixH A RZAZ FHIEL X
Figure I Multiple sequence alignment of CdBglA gene with other members of the GHI family.

kbDa M 1 2 3 4 5 6 2.3 EHMIEFEMR

1169 23.1 CdBglA M&ERE. pH FMABEEN.
0 CdBgll pH B2 EM 2

323 . TEEEXT CABglA BT 7 B g 2 (K] 3A),
18.4

14.4 @ﬁ?ﬁﬁg,fd:ﬁ%%m%éﬁﬂo CnglA T:E 55 °C
2 P-EEKEEES CdBgIA B SDS-PAGE 43477 IS IR B ORE, TR T 55 °Cf & ETHE
Figure 2 SDS-PAGE analysis of the B-glucosidase ~ #v, e/ T 55 °CH 2 T &t 7f H 4R E R
CdBglA. M: Protein marker; 1: The sample without 4 LR 5 ST 2 o
IPTG; 2: The sample with IPTG; 3: Broken '*‘ﬂ_'ajﬁ’ RiE ) T BRI, ST 70 °CH
supernatant; 4—6: Purified protein. fit 1% 1A 9.85%
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CdBglA X pH 284k 2 b BUR(1#¥ 3B), 7E pH
B4 5.5 BF, W% S, 76 pH KT 5.5 B,
BTG Ik pH 4R 78 pH & T 5.5 B,
fiti 1% 1 W6 pH b TH 1 FAIG

CdBglA 7EH ik 5511 T HA BT iR
P, 55 °CHEEALFE 0-60 min J5, CdBglA fiffih
AR TSR 3C), {H 55 °ClHEALER
60 min /& , BEHE SIAIRE 53.72%; 60 °ClEAL
P30 min 5, EEEIHURBIE, (UOF 16.19%,
TEIRALEE 60 min BifIG 158 ik, KL, E=4
fitt CdBglA 7E 55 °CEERAYI A T BA RIFH

CdBglA TEHRIESI MR #% 10 55k
2l fk i CdBglA 7E pH 3.0-11.0 B9 Z& rhifi Hh 37 °C
AEFE 1 h, SRS TE RS S50 I HA TS T
PRSI pH F2oEPE. WKl 3D s, CdBglA
16 pH 4.0 040 F BA 46.71%89 S 71, 18 pH

| I 1 \

0 10 30 60
Time (min)

3 L pNPG HJRYIRT CdBglA BB 14 R

5.5—11.0 Y BBl AR SRR B 92.37% LA b BTG 77 o
2.3.2 CdBglA MBBR R s HFE RS

Ll pNPG WY E CABglA FIBEIS 1, 4R
JEHRHE Lineweaver-Burk EEI3 il 25 br i Hh 2k [y=
2.765x+3.424 8 (R=0.996 9)]n] 15-H{e [ i 5 J1%%
WK, 0.81 mmol |, Vi, A 291.99 pmol/(mg-min),
i 3 E— A 1550 CdBglA BIMEAL R Koo/ Kin
{E} 387.50 s ' mmol ',
233 £BRBEFRMAFRFF CdBglA BEES
ppA

e 1 fros, Riksr4: )@ 1% CdBglA 1Y
RIS PP B, HAA WA 4 ) 2
T, Mg, Co*t. Cd*4, XtE 4 CdBglA
B TG ) A R A i T, (BB S T 4 DR
90.34%LA I 6 Ffi DAL 2= X CdBgIA (1]
1% 1B AR PIEEI, 5 mmol/L EDTA 1 5% 1 i
X CABgIA (BT 1A A n i vE T, B )

0 y 1 1 1 1 1 1 L 1 |
30 40 50 55 6.0 7.0 80 9.0 10.011.0
pH

Figure 3 Enzymatic properties of the purified CdBglA when pNPG was used as a substrate. A: Effect of
temperature on activities. B: Effect of pH on activities. C: Temperature stability. D: pH stability (error bars

represent the standard error).
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1 SREBFRUFATIZS CaBgIABEE AR /3515 6.84%F01 22.02%; SDS 1E M A 72s

Table 1 Effects of metal ions and chemicals on the MR, A5 mmol/L SDS if#f C dBglA {1 Tt T
activity of CdBglA ’

Reagent 5 mmol/L Relative activity (%) JIZER R s IR SHLRE . S+ NRERI B-5idt £
None 100.00+2.14 Xt CdBgA BYIBE G A o BEasER, 209
K 97.37£0.99 FRET 14.15%. 23.42%7F1 43.60%.

Ca’ 97.0242.48 234 CdBglA S RERE Z B A BB AOi 214
Zn** 98.99+0.98 CdBglA Xof A [7] e J (0%—40%) Z. B Hs W 1)
Mg™ 90.34:0.57 422 T 4A T 5 2 BB 5%20%0Y
o e AR ORI . Forh 15%iZ
o 00.0444.06 T2 A VR S A S A PR A, )l S 94 75
Na* 105.80+3.70 28.67%; TE 25%—40%H LA RAER TiE—2
Pb** 104.82+1.56 FIFHIVER, 16 30%0) LB WAE F A5 4
Ni*t 93.44+0.53 GHETE T 10 43.68% , [H 24 2, v e B 75 ik
L 92.3342.89 40%IF , S 1 LT BEEA IR AT S -
o T HATIERE CdBelA X Z e AT SR
SDS Db Sk, 3 FLARHC I 1 2 v e — 2 R - RENK
EDTA 93.16+2.07 K T o

Ethanol 114.15+5.37 B-4] 26 WH T 1 A AR 22 1 FH 5 A B2 )
Methanol 77.9843.50 TR, Ak R K A, — R T
Isopropanol 123.42:4.26 S LA VA, A R R T R Aokt
s R B 0 O 72— A

ND: Not detected.

1 1 1 | | | |
0 5 10 15 20 25 30 40 0 5 10 15 20 25 30 40
Ethanol concentration (%) Methanol concentration (%)

4 FEIRE CEZ/FREEXT CdBglA B SE S1HI S0
Figure 4 Effect of ethanol (A) and methanol (B) on CdBglA enzyme activity.
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HICTT R 5% AN [ e B %) R s YROK T ) 2 5
S 5 AN 4B Fios , HEEE VR BE X CdBglA
ity 1% 7 S AR EE I B G, Bl A SR Y
Fhim, BEE WL RAE, JUHS Y PR
20%FHF,  AH XSG 7 AR 22.14%.
2.3.5 CdBglA S AR[ERE NaCl FE B FERIT
ZM

CdBgA TEA [E) %k B (0—2 mol/L)#Y NaCl &
TR 84.70%H B F1(E 5A). 24 NaCl
VR LMy 0-1.5 mol/L I, X% e —
SE R HEVE T ; 24 NaCl ¥ 44 0 1 mol/L
BF, % e O B R, AT NS R
36.84%; 1M 24 NaCl Zk K 2 mol/L B X s
JIE—EMIMEIERA, 8 2 mol/L &k NaCl
VES TRV BTG 0 BT R I R L AT 0 i
5 1) 84.70%,

CdBgA X 0—2 mol/L % %5 ¥ FL A AR 5% i it
SePE(E 5B), TEARHEE (0-0.5 mol/L)Hj % B

2%
I I I I

&5 NaCl MEEHEXT CdBglA EEE AR

WA T A MRSEER, Y520 2Ok
0.25 mol/L B, X B 3G VE e A, ml i i
SR 28.47%; T AE R R (0.8—2 mol/L)
A ST B A RIAVE T, (B 22 2 B 2k
&4 0.8~1 mol/L B} HA B i hl/EA , 54
W AR TG 7 1) 88.53% , 7E A A5 HH 2 UK i 2 mol/L
FAFTMEIE R B, (B4 5 W) GRS
50.22%.
2.3.6 CdBglA IRV S M

PL¥RE 4 mmol/L YA BUK ¥ (pNPG .
ONPG ., pNPM , pNPGal I pNPX)F1 K 2R JFE ¥ (KL
AN iy | ) | S WS g it B S e s B v
H M CdBglA MRSk 45 Rk 2 o
N, MIEY N pNPG B IS 7 B BE Ik #
(209.93+3.86) U/mg, Xf oNPG Fl pNPM 47 —
FE MG IE 7, HAH XN 53 502 pNPG 1)
29.73%7%1 14.20%, Ifij 5 2H fiff CdBgl A ¥ pNPGal ,
PNPX K - Fft SEMH 5 A R U HH /K Fff 6 1k

20

Figure 5 Effect of NaCl (A) and glucose (B) on CdBglA enzyme activity.
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%2 CdBglA K T =4 NI \

ible 2 Sfbstri?fj?j?ﬁzgy of CdBglA 3 ‘I’j’ ﬁ:\l ’5 %ﬁ’}

Substrate Specific activity (U/mg) 3.1 AERIER p-BEEEBNEFE SR

Dsisachcha?ride o B- AT I AAE T o . FE Y i
e © Wi, SRR SRS R TSRS A
Gentiobiose ND i, B2y, Tl Al BEVR S PREE A5 Sidak

Aryl B-glycoside ﬁi%%@ﬁﬁmﬁo —ﬂﬁﬁﬁg, Z:IEJ%/E\E/‘J B-
PNPG 209.93+3.86 W I R LA PR B AN ], L2 1 S A
ONPG 62.41£1.72 16 #9553 3). ABIFARH I E AL CdBglA
oo N KU TR (C. divulgatum), R M
PNPX ND LR IR VG B A0 3 M R TR K Hh ok s R Y,

ND: Not detected. CdBglA (R TSEININE J IR pHS.5, TR 55 °C,

®3 AEHEYRIEN p-HEFE BRI

Table 3 Property comparison of B-glucosidase from different microbial sources

Organisms Enzyme Molecular Optimum Optimum K, Keat/Kn Ethanol References
weight temperature pH (mmol) (s " mmol™") tolerance (%)
(kDa) (69
Cuniculiplasma CdBgll 56.0 55 5.5 0.81 387.50 20 Present study
divulgatum
Pyrococcus / 58.0 102 5.0 0.15 ND ND [8]
furiosus
Sulfolobus P2 60.0 80 5.5 ND ND ND [10]
solfataricus
Thermococcus  vul_bgllA  61.0 105 7.0 1.77 ND 10 [11]
kodakarensis
Thermoplasma TaBglA 57.0 90 6.0 0.40 381.00 ND [12]
acidophilum
Thermococcus 008324 51.0 78 6.5 7.60 12.40 10 [13]
sp.
Acidilobus Asac_1390 55.0 93 6.0 0.24 1327.10 ND [14]
saccharovorans
Saccharomonos BgINB11 ~ 51.0 40 7.0 0.40 12 487.71 10 [17]
porasp. NB11
Bacillus subtilis BglH 53.0 45 6.0 2.35 3.01 ND [18]
natto NTU-18
Hot-spring bgIM 55.0 70 5.0 0.83 8.59 10 [19]
Alteromonas sp. Bgl 54.0 40 7.0 0.55 135.10 5 [20]
L82
Bacillus BceBgllA  52.0 40 7.0 10.45 61.17 0 [21]
cellulosilyticus
Pichia / 97.0 55 5.5 ND ND 10 [22]
guilliermondii
G1.2

ND: Not detected.
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‘B ANERIE R R B-H AG HE E EE BT AR AR
P40, T8 PALfE B (Saccharomonospora sp.)
NBI11 B9 GH1 K% B-#i% b5 1 BgINB11, H
BIE N SR pH 7.0, TR 40 o', kiR
T 94 MG 5L ZE U4 1 (Bacillus subtilis natto)
GHI1 K% B- A F G BglH, Hfpod & &4
J9: pH 6.0, iR 45 °C!'™, CdBglA 5L H0h H
KA -84 WE 1T B 1 = iR A HEAN R, i,
S 5T T BT R 48 g TR R B K Bk TR
(Pyrococcus furiosus)y) GH1 Z i B-#5 25 B il
f Fic 38 B E R E R 102 o™, ol i ARER
(Thermococcus kodakarensis) VA (1Y) GH1 Zji% B-
7 OB ovul bgllA By HR 3l S R E N
105 oc[ll]O

TR Z2 B0 B R VR 1 3 TR 1 S 858 vh 4
K1) B~ B W AE M B R A T A
HA BT pH RRsE M, TASHIF ST 245 1Y) 51 41 il
CdABglA 7855 R Figc: IR 58 2500 ™ B A R4
1 pH 2@, CdBglA 7E pH 4.0, 37 °ClHEIEAL
60 min J5AK AT LAGERF 46.71%9EE 77, G
HIZTE pH 5.5-11.0 Hf: 25440 T b B S AR AR AT
PAAERF 92.37% W BHE 7o 31X —FFAE -5 1% B AR
FEREIR (pH 1.0-1.2) 4B K FFE#EA AR, AT AR
EH T CdBglA fE MMM EE H A 55K,
RN A KRB AT — 22 1Y 22 57 . CdBglA PRI
LA 390 58327 1) TR Bl i 2 P T B 4 i3l o 42
Ze i Tk AT, g JLAE S B iy B 4 T 8k
T RE
3.2 CdBglA M ZEEf ZHFMEFHRM

FAME CABglA Xt £ By i A AR 3% (4 i
2N, IF BARHR R () S e — B A
WOSVER . X SR TR G R F
71 FEFEAET] | BKAE DL R S A i — SR
R IR 28 R i AT L A S K A DL
A, AT IR B 2 FE(<15%) % CdBglA Hifih
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FIEE AR A LAE 20% 34 FE R R AR 32 001
X R AR LR W R £ 4k R 2 A R AL B
FHIRAE T AT RE, 04k, CdBglA HIBES HHES
2T JEE 1 T R I e B 3 3 AR 1 o e (1
5A), X AT RERE B A AL RIZE TR A K
L2, Bk FEZESZESS5ERNE
S K R GRS Z BRI |
P4 (R R B e 28 T S S 7 R, CdBglA X
— P 5 R R 5 P B 2 A ML R R
2% IR ON- 2 Bt -B-D- & Ik A A B T A
(N-acetyl-B-D-glucosasidase, NAGase) [iff 15 /1 1)
S AR 320 42 8 B A0 Ak 223 i A2 S5 s
MR R B-HIZ Tl 1oy 88, ARG
KIS R B TXF CdBglA HIMALIE 1 L%
o, RS SR T, I Mg™ . Co™' .
Cd* 4, XJE 4 CABgIA FYNEE J1 A B
HIVER, (ARHE I BRAFE 90.34% 0L 1. &R
BT U T AR 5% B R 4 B 0 1 A% R TG
Wy Sy ROK A O, SRR P 1 E 4 Xt
W E LR T & B ok, 7ok, b2k
#| SDS HIASINEf# CdBglA BTG 1158 4t 4%,
X — IG5 22 B0 A Y B A [ O T S
PN B-3i 5k £ T 1 i A it 136 7 43 3] 48 v
23.42%1 43.60%.
3.3 CdBglA Y NaCl FEEHEMT Z 4

IS R 200 T 0y 200 T S 7t oK P R o B 5
Hr, SRR R 2R U o A RIPT 3R R
CAIE MRS I 32 AE H AR R 5 s H R B A i
1) pH, A B IA R A A2 S B . AR PR
PR AR A I R Tk B X W SR T AT T 2, W
WEER B TE & 3.4-5.1 mol/L NaCl B3t h A K
el P e R it 22 PR A & B CdBglA HA
SRR ER R, IR BN NaCl (Y /5y ik B T
ZE, JUHAE 0-1.5 mol/L #EAWIHRE )T, &
FIRTH T 36.84%IMEEHG 71, X AT RESE H TR
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R TR VS VB 2 ) DS 7K R e el R A R Bl
fiRi#, NaCl REFETHEGHBRG IfeE e, Bl
& U5 T Thermococcus sp. [A) B- 7 %5 ¥ 11 i
008324 7£ NaCl fE7ERF g MIAE R 4 Hh 5
UniMAP AA-6 7E 2.5 mol/L NaCl ¥ FFiE & 24 h
JEARFE 80% LA TR Sk A v b AL T
oAt £ A7 7 (Halorhabdus  utahensis) At £ 4 — f#
/K f# ¥ Hu-CBH1 7£ 535 5 mol/L NaCl fYAF7E T
P EA IEMERY, CABglA T Eh R 2 Scik rh 4
ERR H GHI K% p- b B b=y, X
Ry ik — 25 43 W R K Vg Eh £ 4 2 W R & P d 1t
T AL

HIEDEAE R K - i sl - A b
FF 7 S g FH I AR P R AR 80% . LRI TR A
B-/H 2 W T A 22 X i A AT U A i 32 4
(L7 ) A M X -0 e WY Tl P 52 T BT A
AN o B LA R FR I, IS P A5 T O
FERRSS A AL (H1 FI+2 TP ) B K LA R AR
SFIX AR RSB L (05 K | 2 1) a7 BEL: i 25 phe
T B-EIANEIT R A A R sz, JFH GHI
GR T B-Ti A WY e 1) 7 25 B o2 GH3 50 B-
HEMTEEAY 101 000 £5, XJEHN GHI Kk
B- 71 25 T LA R 28 1 I 5 1 A8 Sl
HIEPEELLEA , PEF GH3 Kk B-1 2 bl 1 il
Hr R 148073 ARBIEE KA GHI Kk EY
B- I 4 WEH i CABglA X 4 45 b HL A AR5 1 T A2
P, HARZERANT . IR (<0.8 mol/L) T i
BI7E 0.25 mol/L FiZMEH BE N &/ 1 28.47%MY
I 7 5 v B2 (>0.8 mol/L) F i, {H7E 1 mol/L
2 mol/L HiZHEHR FE T ATh o3 A 4ERE T 88.53%
1 50.22% A 71 X5 Thermococcus sp. i &
VR B-F AT M B 008324V RIE Rk IHAY
GHI1 Z % - 2Rl bg MU X4 25 b 4 i 52
FEPE R —E0 .

ZE BTk, AHEIE AR BT B R I (C

&: 010-64807509

divulgatum)si i i GH1 K% B-#i A B &
FERR TP A, AT T R I8 3k A== 1
JERESE . CdBglA Hil il JE MiE pH 405k
55°C f15.5, HAYEZM pH e, 1o, =
Y1 CdBglA X RF/rEJEmEs T . AHLIEF .
NaCl FH & FEE A R AT 20 . A5 H
E— PR VE TR TR B- A BT (GHL)
&SN VS IS vk S (T 1w I N R B s
JE A AL, TRt A AR Tl H 4 52 B g A A4t
T HE S
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