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Screening and Mutation Breeding of the Celloulonmonas flavigena CR -14 and Optimization of Its
Fermentation Conditions

YANG Ji-ye, CUI Guan—hui, XI Yan-hua, LI Ya-bing, ZHANG Gen-wei, ZHANG Li-ping, CHENG Hui-cai"

(Institute of Biology, Hebei Academy of Sciences, Shijiazhuang 050081, China )

Abstract: The Celloulonmonas flavigena CR—14 was screened from the rumen of cattle, which had the ability of producting cellulose and was
stored in our laboratory. In order to improve the cellulose activity of the CR—14, it was treated with nitrite, ultraviolet(UV ) and complex
mutagenesis. Initial selection identified 6 cellulase—producing strains, as demonstrated by their ability to turn Congo red plates yellow. These
6 strains were then rescreened by determining the cellulase activity of broth. Finally, through nitrite and UV mutagenesis,Y —UA—-18 strain
with the high cellulose yield and stable characteristics, which enzymatic activity was 10.57 U, 1.67 times of starting strain CR —14, was
screened out. In order to provide a theoretical reference to the industrial production of the strain Y-UA-18, we conducted the single factor
test and orthogonal test to the fermentation medium components and the fermentation conditions. The results showed that the best medium of
strain Y—-UA-18 enzyme production was as followed: straw powder 1.0%, nitrogen source 0.6%, MgSO, 0.1%, KH,PO, 0.1%, NaCl 0.08%.
The optimum fermentation conditions were :initial pH 7.0, incubation temperature 30 °C, fermentation time 3 d, the effect of ventilation for
strain Y-UA-18 enzyme production was not obvious, but under the condition of anaerobic, the enzyme activity of fermentation liquor was
reduced, 0.1% TW-80 had no effect for enzyme production.

Keywords: celloulonmonas flavigena; cellulase; mutation; fermentation conditions
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{f09 6.31 U, al LA A2 SERS AT IR R R I K AR
N T R E R CR-14 PP Y R BHE f1, WE
PREEATURAZAC R, FIRTEAL )5k ERR AR W)
HEAR AR SCR AR HE AN I S5 5 AR %o
CR-14 FEATRIM R O 1 XF a2 AL A - S iR
VMR, A SO XA AL I 7 Hh A R S8R PR EA T A 2%
AL

| RS A

1.1 iXgE Rt
111 bR

PR AE PR CR—14 bk . Wb B RFERE A
YIS BT A ) 25 AR
1.1.2 #35t

Wi 3 95 A (g - L)1 MR 1 1.5 .CMC-Na 5.0,
MgS0, 0.5 . K,HPO, 10.0 . (NH,),S0, 2.0 NaCl 0.5 B5ijg
15.0,pH7.2~7 4,

Fh IRt . PB K55 3E

KR IR (g- L), CMC-Na 10.0 & )i 5.0,
4 2.5 MgS0, 0.5 . K.HPO, 10.0. (NH,),S0;4 2.0,
NaCl 2.5,pH7.2~7.4,

1.1.3 24 S i i i)

R W LAY AN TR I R A AR A
w), HAb 2y SO [ 43 br 4l (pH 4.6 2 R- L TREN
ZE PR 50.1 mol - L™ A iR 44 %5 W 50.07 mol - L~ pH
8.6 Na,HPO, 2B 1 )

1.1.4 {YF814%

MLS-3020 #1 4> F 3j i e K B 5 5 VS-1300U #Y
#B T AE G s SPX-250B-Z R AL RE #5246 s WFZ752 7Y
AL AN EE T YP-502 U HL - KF-

1.2 i3 A %
1.2.1 CR-14 FtRAES
1.2.1.1 B Al &

B CR-14 H R TR 71595 2L ,32 °C .200 r -
min™ FEPRIEFE 12 h 5, 1 0.9% 0 A BRER K T4 2 IR
Jei o il 2 S TR B VAL, VALY T TR 29 1.0 %107 cfu -
mL™,
1.2.1.2 WAHIRIFEAE

W1 mL BRI ER T 9 mL ZFR- L RENZE ih
W (pH 4.6) 1, SR J5 4% 1:9 1 LL A9 5 30 s 15 M V5 Wk
(0.1 mol - L™)RAT, EIRE , 4 5 min B 1 mL [ &
WA 9 mL Na,HPO,(0.07 mol - L™ \pH 8.6) 2%t i
2k SO, DA 28 S R M A $HR ) TR A YR A R o)
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B RRREIRAT , T 30 CHE SR, 403 3 IRE A 1T
FIE RN IE JE AR H,
1.2.1.3 £5MEAR

WY 5 mL 1.2.1.1 EBW TR, %
FH 20 W 284MT, i34 30 min J5, 43 S HEST 0.10.20,
30.40.50.60.70.80.90 s, BEEHEE 58 30 em, SRJ5 X
A RESFF S ] () TR BB TR R IR AT, B HE IR,
AEPE 3 RER TSGR G AR,
1.2.1.4 WiHfR-55MNE 5154

SEE IO A R 15 78 BUAE R K T0%~T75% (B [A]
X} CR-14 HR I TACFE , FEREBCEIMNAEEIER N
70%~80% P [A] , FEXTFLIHFA T 58 SR L RESFAb B, SR
W Ab BRI B PR B R A TRR IR AT, AR 3 Wk
B ITASOEREIER AR,
1.2.2 HMRMER
1.2.2.1 ¥

P AR AN TR IR A T RIER LA b 1555 2
d J5 , PRk B V5 5 B B 5 ELAR H (BRI R Pk, 3 il
T [ AR R TR
1.2.2.2 &

FEHI 07 T A5 BRI 46 BRIk CR-14 43 BRI+
Fh 53,30 °C 200 remin™ FEKE 7% 36 h )5, 3
Fh T &l g T, 28 30 °C 200 remin™ £ERIEFE 60
h 5 R TR T 4 °C.8 000 remin™ B0 10 min, 88
JEDSE IR 4E 2 BRG  E 3 R,

PRI « e HR A N R L [ Al A7 M A v
GB 20287—2006, X B ik A& ik H £F 4 R G 130k 7
ME . W EBERAE 4 °C .8 000 remin™ B> 15 min, B
I, VE ORI . B4 GRS RS
B, HARAER 3 44T, AR TN 1.0 mL A
W, IR 4 SR BN 4.0 mL 2 HiAZE 60 CHY
CMC 2B 0, 7F 60 CHYZKIER H % 20 min f5, 37,
REJmA 3.0 mL DNS 5], $25), a6 R4S o 1.0
mL (PR . 4 S0 IR R K 2 5 min J5 o7
BUECH , WK A, PAZS U0 BRI A0, 7E 490 nm %
KR MERERE G OD (EIFiC sk4h

TG 372 L2 1 mL BRRAE— 2 454 T 1 min ZKf#
R BLLTYER A 1 g HIATHE N 1 TR BT )
ML),
1.2.2.3 ARt L fase i

V50 1 T A5 R RR UEA T S 8 4K, R il 5 4
R TR 1) £ A TG 1, ARG8T = bR A% 1
FE PR, ARSI i 3 IRE K
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1.2.3 $E5R 54 Ak

FIPIA S0 28 7638 B Db AE = g Beml 1, B A
T8 BRI AN IR T REESY, ERE 1.0%F5FF R
BRUE, 0.15%#E 11 5+0.15% S 0E 0 M /IR, SRJGHF21E
IR Lo(3*) % & \MgS0, . KH,PO, il NaCl #47
4 HZE 3 KRR, AT 3 A, DUR i B 7
SRR EC e, g 1 R,

® | REEEFE 4 BER 3 KFREIRIT (%)
Table 1 The experimental design of 4 factors and 3 levels of

fermentation medium( % )

FEES
K
EUH+EANFE(A)  MgSO4(B)  KH,POL(C) NaCl(D)
1 0.3 0.1 0.05 0.02
2 0.6 0.2 0.10 0.05
3 0.9 0.3 0.15 0.08

1.2.4 KEEEIAE

TR X Rk CR-14 i & BE A E T K
S EARVER S Y-UA—18 T kR 142 H o A ok
AR AT SR AT A U TR 3 e 1 50 S A 28 AR T
PRRE IR T BN A S e, SR FH PR R R S5, B el
B e TR AP 3 A DA SR TS 7] Tween80 45
FXF R A TR AT (R 52 o DR R 7 7 B R X
HURFZ% R IE A L0641
1.2.4.1 3 RN (BT 7= i 52 i

it 5P R R T LR L RS, 4y 5]
F 20.25.30.37 CHEIRKEFE 24 h, B NA0BE 3 IKE
52, D R B T (R £ A R R
1.2.4.2 )0 pH AEDX ™ Hi ) 520

Fie 5PV i Bz R T 00 4 pH {E43 314 5.0.6.0.
7.0.8.0.9.0 1y FE I 30 CHE RIS F5 72 h, B4 4b
3 RES e & B AT 4 R
1.2.4.3 3l X PR HE R R2 R

Fie 5% ¥ Pt o B B O R 50,100,
150 mL = ffff b, () B 42 A ] 0 42 F it 422 FPF 100
mL [ PRAEVHR T, FeAh A 6 UE K, 30 CHEIR
Kigs 72 h, BANAE R 3 R E A, W K I rh £ 4k
R
1.2.4.4 Tween80 X 7 i £ 5% M

it 5Pl 43 BRI AU Tween80 (25 1%
08) 0 0.1%Tween80, i 25 18 4 150 mL K535 HEH
30 CHEIRSEEFRE 72 h, BpANAL I 3 RE A, 5 K I
HH2F 2 R -
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1.2.5 Hdfsib
RIS EE-K ] SPSS Statistics 17.0 #/4:, Duncan’s
K95 A7 7 22 50 W o

2 HR5iTie

2.1 CR-14 EHRHIIF T BT B #EE

AP LR 2 AT i I PR S S R R AT
IR A AE , PR EOE R b 22 3, 2k F]
100% . PAPR I IE 2875 25 B ) 428K 2 B0 S 38 /s 5
TRAEaH, 0V SRS AR SNRAF AR R E] 43531
15 min 50 s, IEAERIRE IR =, /358 9.77% .9.25%,
I TR B R AL, 500k 74.71% 82.43%,
XSVFZH LR, FHATIERTE 70%~80%E
PRI DA, TR AR L 28 A8 e o, {6 1 e, it A B 7
AN R A A 57 I Ab BRI ]
22 BFEEKNIET
2.2.1 WRRAY TR

W 2 FoR, ki A B B B AR TR
R LR E Y 6 MRISASHR , SRIG T IX 6 R 2 AR
RRUEA T T, 300 3 0 2 e T Ve P Tl 0% 1A 7 4 0, 1531
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Figure 1 The mutation effect of HNO,
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Figure 2 The mutation effect of UV irradiation
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RASR Y-UA-18 j7 G J1 ik 10.57 U, 5 R R
CR-14 J7 15 11 1.67 £
2.2.2 A5 Y-UA-18 [ fEfa e 1k

Sl 5E SRR Y-UA-18 s fefa e vk, X Hk
TriEsfeh 8 X, AR5 8 AR RIS A Wess 3%, e & 1
VRIS , % 8 & BV BTG E AT 7 22 40 b, L2z
SRR (P>0.05), 4158 3 B, Ul B AR A0 1 1%
PERERRE , AT LA N Ja 200 TR K
2.3 EEEEARMA

FE 4 LI 45 DO R R TR I 1 2
WIRJF A B>ASC>D, B MeSO, % bk Y-UA-18 %
T2 7 b S i) Ay i 3, 3 AT BB T Mg — Jy T2 1Y)
PG, 53— 7 AT DAERRRR 1T 25 4 1 e 4k
X TR P A EL A R A o B R B o R A I L
J BiACD;, B A A A K 0.6% MgSO, 0.1% NaCl
0.08% KH,P0, 0.1% F5F1H5 1.0%.,
2.4 REEEUHMRA
2.4.1 LTI [ X6T 7 b P 5 i

T X TR ) A KA AT AR R R 52 i, Jir AAR
TR PR ARAEAS R N A T A, I I i, 245
R 3 K 4 R, A 3 HRRTAL kR Y-UA-18
1€ 30 CF & B TS fie 5 i 170.29 U,37.25.20 °C
SME R R RS 5 2 M H R 2 B (P<0.05) , 4331
AT 17.65% .29.66% .46.77% ., th1&] 4 1, A [l i
JESAET T 3 d B, TRAR R TR S Pl 2 TR ) [a]
FRSEA T 5, 265 3 d BP0 B S5 0 R 3400 3 0
i T ELR IR g 30 CCROTGTE Ih 2 T HAb I
ik 170.16 U, 27 4 d B, BTG FFUAREAR , X T RE
F Rtk & Ak, T = [FRE J) T R
2.4.2 WG pH EXF 7 i 52 A

W BE 30080 pH HIF 28 5.5~7.5, B E AR

HpH (X AR A T = 52 . IR S HRaf IR,
WikhpH (E7E 6.0~7.5 JEFEIN, R IIEEG 22 74 2
F(P>0.05), Wihh pH B 7.0 B A R RS 7 55 o
J 17245 U, #14h pH {E N 5.5 BF, & W6 N
148.52 U, B &L T pH 7.0(P<0.05), XAl figH TAEMR
PEEMET , Bk — Lo G i 32 2520, S BOR R ICHE
HEA T IE 8 BRI , DT e & B b A S BRI
2.4.3 @S X T HE AR

A XA = Bl A 6 B K

MR RN T A RO R B S b, 4 SR R

oA 50,100,150 mL [ & P G 15 T A 3 22

(P>0.05), Hor 150 mL & B B 06 25k 174.30 U,
® 4 EXZBERRIRENT

Table 4 The result of orthogonal experiment and the analysis of

extreme difference

HARB MgSo, KH,PO, NaCl

#) JiEE/U
A B C D

1.00 1.00 1.00 1.00 1.00  136.07+0.41
2.00 1.00 2.00 2.00 2.00 126.17+1.31
3.00 1.00 3.00 3.00 3.00  120.77£0.22
4.00 2.00 1.00 2.00 3.00 157.39+1.41
5.00 2.00 2.00 3.00 1.00  139.54+2.81
6.00 2.00 3.00 1.00 2.00  134.03+0.59
7.00 3.00 1.00 3.00 2.00  139.94x1.31
8.00 3.00 2.00 1.00 3.00 127.09+0.19
9.00 3.00 3.00 2.00 1.00  125.97+1.31
T1j 383.01 433.40 397.19 401.57

T2j 430.95 392.80 409.53 400.15

T3j 393.01 380.77 400.25 405.25

Mlj 127.67 144.47 132.40 133.86

M2;j 143.65 130.93 136.51 133.38

M3; 131.00 126.92 133.42 135.08

Rj 12.65 17.54 4.11 1.70

R2 EREHRNERABSEERERZ L REEE

Table 2 The ratio of transparent circle to the diameter of colonies and enzyme activity of each mutant

Elz i f—:i Vi iﬂf& -‘LJ/FI: /'_‘A-‘L J/I’l{
5iH R R AL e LA HEPHL
Y-17 Y-21 uv-10 uv-42 Y-UA-7 Y-UA-18
D/d 12.38 17.92 20.71 18.45 20.38 20.41 20.82
fifgG /U 6.31+0.02 8.05+0.42 9.93+0.01 8.03+0.22 10.21+0.38 10.33+0.09 10.57+0.32
D B EAR, d N HAR.
&R 3 Y-UA-18 Etk 8 REYF~EiE 71
Table 3 The activity of strain Y=UA-18 producing—enzyme of each generation system
A G G, G, Gs Gs G, GCs
fifgi& /U 10.31£0.05a 10.03+£0.31a 10.96+0.83a 11.02+0.49a 10.14+0.07a 10.94+0.01a 10.01+0.39a 10.62+0.28a
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Figure 3 Effect of different temperature on producing—cellulase
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Figure 4 Effect of fermentation time on producing—cellulase at

different temperature
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Figure 5 Effect of intial pH value on producing—cellulase

{RAE DA R R S A 118.49 U, I Ik T
fil 3 41(P<0.05), X AIfgH TRtk CR-14 7EIRA S
R R AU R JS , TR A A Az B i ki
P AR
2.4.4 Tween80 X 7l 1) 5% 0

TG P4 79— 7 T T LA A A 4 5 ) 3
PE AR Pk 5 — 7 T AT DA g K T
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Figure 6 Effect of different ventilation on producing—cellulase
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Figure 7 Effect of Tween 80 on producing—cellulase

FIRAR, 35 o S A SR A T 8 P s i Fh P 7 T
TERE S AP I 0.1% 1) Tween80 % IF WK B 15 K
170.38 U, 55 xF REAH H I 83548 55 (P>0.05 ), S i Eh
Xof BE R A . 31X AT B8 TS Tween80 ¥ i 44
JIN | BRATRR ) 200 6 ) 0 3 1 A A2 B0 ), AR
BRE S HE G AN, X T B — 2 A 5

3 #ig

34 CR-14 BRBRIEA T 0 2 5 20 0 5 5176
AR B B 7 R L LR R A
T Bk Y-UA-18, HLZF4E A Jo 10.57 U, 5
PRIG 167 5. i 260K 2200 A E A2 e 1
bk Y-UA-18 R SR A LEAS P 1.0% .
KARI 0.6% KH:PO,0.1% MgS0, 0.1% .NaCl 0.08%
R I 250006 pH (E 7.0, B53RIERE 30 °C, &%
NP 3 d, R BRI A Toll fl 7 2 S
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