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Screening of mutants of xylanase high-producing strain of
Saccharomonospora viridis by atmospheric and room tem-

perature plasmas and its enzyme characterization
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Abstract: [Objective] In order to obtain an industrial strain with higher xylanase production,
the original strain of Saccharomonospora viridis was mutated by atmospheric and room tem-
perature plasmas. [Methods] The methods used to screen the mutant strain with higher xy-
lanase production included transparent loop diameter measurement of selective medium with
2% beech-wood xylan and shaking flask fermentation. [Results] It has been demonstrated that
both mutants AT22-2 and AT24 maintain good genetic stability. The enzyme activity in the
fermentation liquor of AT22-2 and AT24 at 7 d reached 552.70 U/mL and 512.74 U/mL, which
were 17 and 16 times higher than that of the original strain, respectively. Furthermore, the op-
timum pH and temperature values for xylanase activity of AT22-2 were pH 9.5 and 90 °C, re-
spectively, being stable within a temperature range of 50 °C-90 °C, and showing high thermo-
stability at 100 °C for the duration of 30 min. In addition, for another mutant AT24, the opti-
mum pH and temperature values for xylanase activity were pH 10.0 and 60 °C, with a stability
within a temperature range of 60 °C—80 °C. [Conclusion] The xylanase with thermostability
and alkali-tolerance of mutant AT22-2 is a potential candidate for future use in biotechnologi-
cal applications particularly in the pulp and paper industry.

Keywords: Atmospheric and room temperature plasmas (ARTP), Xylanase, Thermostability and
alkali-tolerance, Saccharomonospora viridis, Enzyme characterization
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FFRi 7R3 (g/L): KREEMAM 10, EERER 2,
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PREE SR IAEFR TR SR A SR T 1.5%Z85H)

TERE SRS (Q/L): KRG E AN 10, BEEHR 2,
FR/K S FE 11 2, NaCl 6, AR 2, BilEH 1.5%,
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REBE R EE(g/L): REEH K 10, B
Blky 2, MK 2, NaCl 6, #i%ihE 10; AKX
B 2; pH 7.8-8.0,

1.3 FHi%

1.3.1 FEZHEAOEE: Koo RmEm
T AR LG & TP f S A IR 5 1, 45 °C 35
I 4-6 d.fin A 3 mL IR A 35 55 W F1 10-20
BOKHBEIER, TR, W
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M 60 s TFIAHURIE NS 420 s, SR Ab BR AR AE &)
W B F-He, FIH CFU 7k st %,

1.3.3 fFikAZE: (1) Wi, it ARTP BFML
VAR5 AT RTR IR, TR S IR AT T Rh [ A ks
FrBk b, 7E 45 °C ZRMF MR, PPk b i i
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Table 1 Operating conditions using ARTP
ZH AR

Parameters Operating condition
Power input (W) 115
Treatment distance (mm) 2
Gas flow rate (L/min) 10

Treatment time (S) 60, 120, 180, 240, 360, 420

10 pL of spore suspension,

Sample amount 107 spore/mL

WG, HFTILEs(FL12 D=5 mm)¥ B —TRv& (i
A ER Ay A RE 3R ) 4 T — A K e iy 5 B 57 L
ke SR 2 d, PR SR MR i 15
Me b, dREedf e, e T V% T8 FElEs WY Rl A (H)
W EAD)Z L, UL HID HEkd & E ks
RFWERGAIRE S KN, SR IG Pk th OB KB 7%
PEAT AL IR (2) B, Wi T A Rk
FWAARIFRE 375, 45 °C. 120 r/min K555 3 d,
ST R R p o e MY I N a8 i S L
1M 0.5%,7F 45 °C &4 T, 120 rimin 532 7 d, $2
ORI, 0t T

1.3.4 FHBGEIRE: KT 10 000xg. 4 °C &
O 15 min, ISR HLERE . R T 4 °C, 7§
DUt

1.35 BEREMS: N TR N EE
FeEtk, TERACEAR Bt 6 AR EER, X
— B R T T ) AR SR RS PR A T 3BT o

1.3.6 IEFERFRGNE: EILKLL 1:100 3
HHETF 250 mL =M, fERRE R,
6 h BUREIN A ODeoo fH o LAIRIZRAF N AEEFP Y85 77
Wk s F R, B R RO AR bR, TRV
ODgoo G EETE A A AR gz il A 2.

1.3.7 BEIEMEMNE: SRH DNS A A RPE/HS
AT BT R AR
ME: FH pH 7.0 B9 PBS 433l BC il ik B 1 g/l AUA
PR M 10 S A ZIBE Y 25 mL A, 2351
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A 01,02, 03, 04, 05, 06, 0.7, 08, 0.9,
1.0 mL AHAETE; NA PBS I, 4R H
WAARRA 15 mL; B A 1.0 mL
DNS %, 7EMR/KHN 5 min, [ 5 s
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R 1 2 22 T 5 SR e el 0 5 A5 3 O
BE - K OBE & B A 20 b y=0.982 1x+0.000 9,
R°=0.997 1,

K BB TG A I ST R % R
(pH 7.0) B 1) 1% A SRMHAAE A MR 1) i
REY) . EIRAE R IILA 0.5 mL JEEY), 0.1 mL AR
F10.9 mL BERRZE i, T 60 °C T/KiA 20 min,
SERPANA 1 mL DNS 20, 7E8k /K& 5 min, %
HJE I 10 mLZEMK, TRA1ETE 540 nm T D
EHWACEE . H—FEMTEM 3 T, A
WEbRE I GOR AR B i, THEG, 25X 4]
Agtit 60 °C fHIR/KIA, Jein A DNS %5 /o i
A 0.1 mL KIG B o BTG PEALE X B ook
FR AR A 1 umol 148 JEUME AT Y i 1 X
AR SR WEREE ) 507 (U/mL)
R BEWERERET (U/mL)= NxCx12.5%1 000/MxTxV

Horr, N: FBAEEG C: sl A5 2 AR
PR E; 12.5: b A EARF(mL); M: ABERY
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Fig.1 Xylose standard curve
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Fig. 2 Variation of the lethal rate of the Saccharo-
monospora viridis with the ARTP treatment time
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TEAE R T

FEREI R B FEhl L, ASCHEXT 390 #EiAAR
ABFRE B TR EA TR o BRI 18P L 1) BB
7% TR R B LG TR 2D, ) 1.3.3 iy
SN R BERFR 7 d, $RHCHIEEM . Wi DNS
000 7 R I OR SRBE B Y TR M, TR EAS A T
AT24 Fll AT22-2 PR A SR B = 72 2 A8k . I lh
PR RER O I S. v 7E LU B R IR
e R % vp m RGN 2] 1 A SR T e e
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A2 WA RS 3 IS 1 R IR e A A SR i T
MRl 552.70 U/mL, 241 SR AR RpE AT
e RGP 321.45 U/mL, 4350 R
RURFRIY 17 f5H0 8 £, 848k AT24 1E L) 7S

5T 8 R T R R v R SR il % M e ik
512.74 UlmL, J2JFLRTEER 16 £, (HTELIARE
W R 75 I A B 1) % T R TR el ) 1) g AR
OGS IR HASFR 2, Aol 38.97 U/mL,
T IR LA AR =l
23 BEREMSHT

R TR 5 AR R ) st AR AR TR, R A bR
AT24 il AT22-2 i#t17 6 fRELL A WSS, IFRl
TR R B AR R TR . 255 ] 3 s,
LA BT IREAE I SR IR AT22-2 Rl AT24 77 R
S B B s e e e, B R AR
TE [ IEAERE
2.4 HEERE

4 4T IRIATERE S. v FIZ A KR AT22-2

0AT24 Xylan AT24 Wheat straw pulp
mAT22-2 Xylan mAT22-2 Wheat straw pulp

600
500
400
300 f
200

Enzyme activity (U/mL)

100 +

Fermentation liquor

3 6 RERIEFHIRTH AT22-2 #1 AT24 £/
AR AZBIEFE D AR BN

Fig. 3 The xylanase activity of the mutants AT22-2 and
AT24 at six times subculture in two kinds of different
fermentation mediums
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Fig. 4 The growth curves of AT24, AT22-2 and the
original strain S. v
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Fig. 7 The optimal reaction temperature of xylanase
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NG I 4ERERRE, 7RI 90 °C B AHXT G
JIdRciEr, TE 95 °C BHFIR T H, (HARARNEHE J117)
17 88%.

HIEI 8 i LU Hh, 2878 kk AT24 76 Hodweidi v
YL (60 °C) & F N 60 min J&, FHXTEATG 710
88%; 7E 80 °C i 60 min J51/5HA 48%IH\RET;
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TRERCR . B UL ZE SR T, #E 60 °C—80 °C 1 =i ik
WET, A5k AT24 Fry™ B SRMEmG A B 4f
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IRFRE M, BEARSF & PRI 1 T 2R
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HIE 9 ol LLAEH, RAK AT22-2 1
50 °C—90 °C JuFEINALHE 60 min, FIAEHSGFA
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Qb BR S B) A3 A0, TS PR T RS, (A AEAL R
6] 30 min B, FHXSEERG J145°8 68%. LLah ALt
W, 7£ 50 °C-90 °C {REEJuFEIN, RASPk AT22-2
HAT R t, EhrfilRiEn T20
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YEM .
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Fig. 8 Thermostatbility of the xylanase from mutant
AT24
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Fig. 9 Thermostatbility of the xylanase from mutant
AT22-2
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27 AEEEBEFXAREEIREERN

4 B BTN gR AR bk AT24 Fi1 AT22-2 S5 A
RVEBGE 12N R 2 iR

M 2 FRTLIE H, ANE4E R B X kIR T
GEARKR AT 24 F1 AT22-2 AR BRIV R K
SRR INMERE 225, Mn®* | Ba®™ . Mg™,
Cu**  Co™ ¥R T AT24 1l A BAR B HA BTG 1R
FH, 4354 T 70.09% . 44.65% . 27.36% ,42.25%
il 10.56%, {HXRIET AT22-2 [AZHEGE H.
AIHIVER- . Na™ X TR T AT22-2 B S BERG
HAPEVER, BXRIET AT24 (ARl
PEA PRIE R AP TR IR T P Ah AR Bk A A
OWE A B AT PIE R, AR R A RN R
], XFTFoRIET AT24 AOARZVERE, BTG J1FME
T 50.41%, TX;TRIET AT22-2 B9ARbE,
il TG HEAI T 7.20%,

3 g

ARWTTERI T e % i A T PR A A
FARIRR, ZTTIRR SRR . A RS R AR

®2 EREBETXEEENNZIE

Table 2 Effect of metal ions on xylanase activity

HOAH
BT

s Relative activity (%)
AT24 AT22-2

None 100 100
Mn?* 170.09+2.9 75.52+1.2
Ba*" 144.65+2.0 73.1243.2
Fe* 79.363.2 79.84+3.6
zZn*t 68.80+3.1 77.44+4.4
Mg** 127.3622.7 66.87+3.9
cu® 142.25+4.9 90.88+1.9
Co® 110.56+1.9 63.51+2.3
Na* 77.44%1.9 104.32+4.1
Ca*" 105.28+2.2 94.24+1.9
K* 126.40+3.2 101.92+1.2
AP 49.59+3.0 92.80+4.3
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