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Optimization of UV-Microwave Combined Induction
and Enzyme Production Conditions of
Cellulose-Degrading Bacteria for Maize Straw

WEI Wei,ZHAO Zhibi ,YUAN Yashu

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 )

Abstract; The corn straw cellulose degrading strains with preferable degradation performance were
screened out to provide theoretical basis for straw biodegradation. The strains was screened,
isolated and identified by Congo red staining method, and has better biodegradability through
compound mutagenesis. The optimal enzyme production conditions were determined by the enzyme
activity of carboxymethy I cellulose (CMC) and filter paper ( FPA ) under different conditions
which were determined by single factor and orthogonal experiments. A strain SF3-3 with preferable
biodegradability was obtained by compound mutagenesis, which was 18. 12% higher than that by
non mutagenesis and 21.68% higher than that by single mutagenesis; The optimal enzyme
production conditions were temperature 28 C,pH 7. 0, inoculation amount 2% ,and rotation speed
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130r-min ~'. So the degradation performance of the strain for corn straw can be improved by UV

microwave compound mutagenesis, and the optimal enzyme production conditions can further

improve this performance.

Key words : straw degrading bacteria; UV ; microwave ;compound mutagenesis
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Table 1 Clear circle and colony diameter of 7

cellulose degrading bacteria

AR TR PR D/mm d/mm D/d
| 46 25 1.84
I 33 28 1.18
| 32 26 1.23
v 52 29 1.79
\% 26 16 1.63
Vi 9 6 1.50
VI 23 16 1. 44
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Table 2 Break of filter paper of 4 strains of

degrading bacteria
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Fig. 1 Glucose standard curve
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Table 3 Results of CMC and FPA enzyme activity and

degradation rate determination

s CMCEHG 1/ FPARHG 1/ £FHEERK
k7S (U-mL"") (U-mL™") 2/ %
I 1.050 0. 942 22.09
0.917 0.810 15.73
\ 0.858 . 0. 800 14.23
2.1.3 Btk I A 16SIDNA 5 F2R %5

XTER T TR ZH DNA $21.16S 9
34 PCR =W A, 8K 5 647 24k )y
)i 4T Nebi-Blast X Xf 43 #7, 58 B 16S
rDNA B[R 53T 50, & 2 J W21 4t 3R F i
PERER AR 1 19 16S tDNA [F M R4
KE W, M4 Blast W& R, mk [ 5
Streptomyces sp. FZ92 3% % % R T, 15 #l
99.93% ; ¥k IV 5 Streptomyces rubiginosus
RG KRBT, K] 99.65% , HL YA H e
ik 1 R
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37 HQ711986.1:1-1453 Streptomyces coeruleorubidus strain BTSS-301 168 ribosomal RNA gene partial sequence
40]KJ020687.1:1-1446 Streptomyces bellus strain BLH-12 168 ribosomal RNA gene partial sequence
KJ676475.1:24-1475 Streptomyces viridodiastaticus strain SSHH-1 16S ribosomal RNA gene partial sequence
AB184584.1:1-1444 Streptomyces thermocoerulescens gene for 16S rRNA partial sequence strain: NBRC 14273

48 L— MH432677.1:22-1474 Streptomyces longispororuber strain XY231 168 ribosomal RNA gene partial sequence
(GQ925802.1:13-1465 Streptomyces albogriseolus strain ABRIINW EA1145 168 ribosomal RNA gene partial sequence

EU741215.1:1-1454 Streptomyces iakyrus strain 13667L 16S ribosomal RNA gene partial sequence
KU885392.1:4-1454 Streptomyces paradoxus strain VITALKO1 168 ribosomal RNA gene partial sequence

NR 041209.1 Streptomyces diastaticus strain NBRC 3714 168 ribosomal RNA gene partial sequence
NR 041224.1 Streptomyces janthinus strain NBRC 12879 168 ribosomal RNA gene partial sequence

icus strain NBRC 13472 168 ribosomal RNA gene partial sequence

NR 041145.1 Strept
100 NR 041139.1 Strep
P
0.005

libani strain NBRC 13452 168 ribosomal RNA gene partial sequence

2 bk [ #916S rDNA [IEER RS K F
Fig.2 Phylogenetic tree of the 16S rDNA homology of strain I
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Fig.3 The influence of ultraviolet mutagenesis
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Table 4 Rescreening results of strain I by

UV mutagenesis

CMC fiff  FPA i 4F4%
ﬁﬁﬁlﬁ? D,/ d/ D, N N
n — I Wh W
TR mm mm d,
(U-mL~") (U-mL"") */%

SF1 47 25 1.88 1.144 1.098 19. 54
SF2 49 24 2.04 1.257 1. 163 20. 48
SF3 63 26 2.42 1.426 1.355 29.37
SF4 59 25 2.36 1.315 1.291 24.83
SF5 50 23 2.17 1.274 1. 185 21.56

SF6 55 24 2.29 1.297 1.203 22.72
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Fig. 4 Effect of compound mutagenesis time
on spores
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Table 5 Results of re-screening of UV-microwave

combination mutagenic strains

CMC i  FPA B 42/

g A D
BEY Dy dy/ 2 . .

. — &N/ whyo s
ZHEHE mm mm d,

(U-mL~ ") (UmL™") %

SF3-1 49 25 1.96 1. 195 1. 157 30. 57
SF3-2 53 24 2.21 1.236 1.199 33.62
SF3-3 74 26 2.86 1.779 1. 668 40. 21
SF34 64 25 2.55 1.523 1.437 36.42

SF3-5 55 23 2.37 1.367 1.295 34.87
SF3-6 58 24 2.43 1.401 1.342  35.63
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Fig. 5 Effect of temperature on CMC and FPA
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Fig. 6 Effect ofpH on CMC and FPA

enzume activity
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F1FPA (RS 1 52 5K, IR AT LUR
i, 7E H At 2% 14 &R AH [ (4 15 5 R, CMC A1l
FPA JifiG J1 2 BT s PR AR e, HoR
[ pH T ARG ) 25 5 b 3 W 38, R
B R R IEW 4G pH X #R D CMC F1 FPA [iff
SN Y pH {52 R PER | R P
S TG 1A, 24 pH A 4.0 B, CMC FiI
FPA i 773k 8 PR PE A5 00 T R 3 IR & 14
™ B AR AE, Bk 1.260 U/mL
1. 126 U/mL; 4 pH Jt & 2 i dE B, Big s )
AR, Hrb YR Ay ik pH E
IE# 7.0 Bf, CMC Fl FPA 7% 1135 5 £ K
J394 2.072 U/mL #11. 871 U/mL ; k4L T}
i pH 3k B 5V I WS O & W R AR, BB
pH i5%] 9. 0 i}, CMC F11 FPA [if§ i /1 15 2] il
PESFAET WS ARMEL, 735128 1. 753 U/mL Al
1. 646 U/mL, H ] UL BRI A% 14 T X B ik
105 0 ()5 W R B L TR, Bl IR Ak
Bhs pHE N 7.0,
2.4.3  N[RIHEEFP L TBEE 50

VR BE 3% 1% 2% 4% 6% 8% .
10% )3 Fp 5 3228 T 50 mL %14k pH [EN
7.0 By FEFHE P 78 28 € 130 r/min 51
TIRGHEFE 4 d R BRI, I E CMC M
FPA i 77, LA s A4 ph i (DLIEL 7)

B 7 LR CMC Rl FPA Rl ) 5 0
Fig.7 Effect of inoculation amount on CMC and

FPA enzume activity
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TEHABSFAFAR R | 258 (0 42 Fh & R 2% B
H CMC Fil FPA [l 3 ¥4 3K B i KAH, 43
91,603 U/mL #1 1. 523 U/mL , 243500
i 2% W}, BRI BEREG 12 BRI, 0 R
AR E) 10% B, . CMC 1 FPA [ /)
¥yik B & A {E, 43 & 1.501 U/mL Al
1. 465 U/mL , i i35 -3 2l 02 52 o
RAEH AT, fE— B A T = BEROR
RS R i R 2%
2.4.4  N[RVEEHN REE 07005

W5 T Bk LA Fh N 2% R 2146 pH
B2 7. 0 KEERG I 43 55 0 48 IR i il
4 100 t/min, 130 r/min, 148 t/min,
180 t/min, ¥ BT 28 CHMA FIRZ R4 d
Ja BUR B, I %2 CMC Mz FPA 7% 11 K1 8 ly

& 8 Al A, 7 X CMC il FPA [iff i
FIFEMA SRR, 76 HAD SR AR [FIE  IA
Y e 3E % 3 4 130 r/min, H: CMC Fil FPA [iff
T 13438 B B RAE, 53518 1. 642 U/mL i
1.563 U/mL, 4% WAL T 100 t/min Fli5 T
180 r/min Ff, 75 — & B FE E A6l 1T 7 B A%
W H 7% 3 55 3 180 r/min I, CMC FI
FPA i i 1 ¥ ik B & /N H, 45 5 R
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Fig. 8 Effectof rotational speed on CMC and

FPA enzume activity

2.5 EXRIERIIE

M T 1% 4% J5 i Streptomyces sp. FZ92C
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Table 6 Factor level table of orthogonal test

S W, ERhEs WG e/
IR T % pHfE  (r-min~')
1 28 1 5.0 100
2 30 2 6.0 130
3 35 4 7.0 148

TE A2 00 A 22 K 156 B S i gl A KG
IEARIGZE RNZR 7 Fin , WK 7 4 Fhip
# CMC 5 FPA 1EACIR IS M 5L g 2%
AT LU H 0l S 5 M e KR TR
FLYGRREFRIE pH H, B UOR R L )5 2
L3

I IE 22 06 A5 H B 4 SR A B AR
fF R 28 C BEFhE R 2% pH{EH 6.0,
BE3H R 130 r/min, I IR CMC B TR T R
1. 812 U/mL,FPA [ /127 1. 812 U/mL,

R A e R0 45 TR 28°C
RN 2% pH {HM 7. 0 54384130 t/min,
CMC [ 3% F1°4 2.072 U/mL, FPA [ 11 4
1.464 U/mL, Hi e nl WL PR 2R 080 45 1 i
FES AR CMC F FPA 1% J1 B 5 TIEAS
RIS Fc S E I Y CMC T FPA BT 77,
Db A 7= Wi A5 R IR R 28°C B AP RN
2% pH {H N 7. 0 F%3# 4 130 r/min,
®7T IEXHABLEE
Table 7 Results of orthogonal test

- . Witk -
ZER R A e
pH &
Reme 0.512 0.179 0. 463 0. 135
Repa 0.528 0.191 0. 439 0.171
:I_: N
3 én ®

(1) PSRBT K M35 L >k 1) 7
RS TR 25 16S rDNA % 7 35 4y 55 55 1 i oA
AR 1 5 Streptomyces sp. FZ92 3% % %
AN 99.93%; W tk IV 5 Streptomyces
rubiginosus JEZ KR 99. 65% , HEkE 1 1F%
ftERE s, 1k 12. 08%
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fEBCRIAT] 40. 21% MR SF3-3, 5 R BAE
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AR b AR v T TR R Y R AR BE

(3) VA i it 156 7 19 5% ) PR 2R R 55 4K IR
N B IR ARG pH BN R
HAVEAE G W B bk SF3-3 [ e A4 7= g 2% 14 .
MR 28 C Hefhidly 2% (pH {EH4 7.0 F%
A 130 r/min,,
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