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Abstract: Single inactivated protoplast fusion technique was adopted in the fusion of Citrobacter
freundii and Deinococcus radiodurans, the condition of protoplast preparation and influence factor of
fusion process were examined in this paper. With the lysozyme concentration, enzymolysis time in-
creased and temperature rose, an upward trend of protoplast formation rate was showed, while regen-
eration rate was found gradually decreased in the test. In addition, the results of orthogonal experiment
on fusion factors indicated that the optimal fusion condition was 40% PEG (6000) which induced pro-
toplast for 10 minutes at 42°C, pH 8, and the highest fusion rate reached to 2.74 x 107", The screened
fusants had been stably transferred for ten generations. Furthermore, the tolerance to uranium for fusant

was greater than that of Citrobacter freundii under the concentration of 85 mg/L, and biosorption capa-
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bility of fusant was better than that of parental strains appreciably in the comparison experiment. This

works lay foundation for constructing radioresistant engineering strains.
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s A AR5 (Protoplast fusion)ZRFR 4 L fl 5,
SRR RS R 20 L 4 30 o o A O e, T 2 B AR
Fik, SRIGTERB A TIRG, AP . fh2z6g
A Bl T B, RO AR Y 5 AR SR (] & 2B A R
£, MANMRT . BERlG, KA DN 4 [R) ) 2S B HE A
FEIE B AN A Hh A B RE Sk, AT AR A5 Al A 3L
FMEAR B AR R E A T (Fusant )Y it 200,
PR RN B — SRR O, i HRRAE st e
T e, DT T AR 55 — SRR AR B T R AR
F, MERERA -

#T BRE (Deinococcus radiodurans)Ieic 4R 1k %
PR S AE Y 2 —, XTSRS KMk
T BRI — Sl S AR ) I N BT
PR, HREGOME 32 20H D T s R0n HERS 9 DNA 25
R MR AT H (Citrobacter freundii) & —Fh X
4 OV W R A A0 N R, BE B R X i A
M B 5 3% 9000 mg/g, & [RIZEAH B I LA, Al
DIAE Ay e R0 W B30 o A B 5 d ek D 24 T4 ) il
B, B LERPCEMERAEA, BRFEE 7, A
SET R T A TRAR A i AR | . R T
A= 01 5 07 1 B I B R R A

1 MRS hE
1.1 ##
1.1.1  E#: FBRE (Deinococcus radiodurans, AS
1.633)) [ v [ 353 ol 2 4 v o £ A B P o

o [RATP SRR AT i (Citrobacter freundii, AS 1.1732)
W A M A A R R AR O
1.1.2  #EFE: Rl aEi(g/Ll): &AM 10.0, 4
WEEY) 3.0, NaCl 5.0, 3fE 20.0, pH 7.0,

AR (g/L): 4 IR 3.0, EH
10.0, #%i¥¥% 10.0, NaCl 5.0, pH 7.0,

St R RE 5R  EAaWREEFRE DI A
15.0 g/L B35 -

584 [ R 3R 3 SR RS SR PO A
8.0 g/L M5l .

FRAE ARG TR (g/L): 4R RARIRY) 3.0, A
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10.0, #j&HE 10.0, NaCl 5.0, Bifg 15.0, HEHE 171.5,
MgCl,-6H,0 4.06, pH 7.2,

A e AR R L A RS SR 5L b (R B
i 8.0 g/L,
1.1.3 K5 EB IR ZE iR (P #K): 0.2 mol/L #ifR
ZE WK, pH 6.2, 0.7 mol/L H#E M, 1 x 10° Pa K
30 min, 5.

JE A AR RS G W (SMM): 0.5 mol/L JiE B,
20 mmol/L MgCl,, 0.02 mol/L JIil T ¥ —f&, pH 6.5,
1 x 10° Pa K 30 min, %,

HEEW: WEN 10 U/mL, AEHEKE S, o
TEBRTA

EDTA #: 0.36 mol/L, 1 x 10° Pa K 30 min,
#H

VTR 1.0, 1.5, 2.0 g/L, 1 SMM WBCH, i
JEBRTE, —20°C 77

EERSIRES: 1 mol/L CaCl,, 0.02 mol/L K,HPO,
GrHFEe L, T EARBIR AL x 10° Pa K
30 min, &,

PEG ¥ #: PEG (6000)] SMM & Bc i, 1 x
10° Pa K 30 min, 75,

30% PEG: 3 ¢ PEG %4 % 10 mL, pH 7.0,
pH 8.0, pH 9.0

40% PEG: 4 g PEG 4% 10 mL, pH 7.0,
pH 8.0, pH 9.0

50% PEG: 5 ¢ PEG %4 % 10 mL, pH 7.0,
pH 8.0, pH 9.0,
1.2 RWiIt5A%
121 JRABOREY S & K AN IR B BOE K
(AT ERTA Ry 30 h, FPEERRAT TN 18 h), A7 EREE o
AHBERRBLWIE RN 0.3 UML), 4k4:853% 2 h,
A3 SV B 1 W& 10 mL, 4000 r/min 20> 15 min, P &
VeV 2 Wk, F SMM JEEE IR IE N 1074 /mL.
B4 mL AP RRFF BN 5 mL 3.0 g/L % i i,
37°C fiff# 10 min J5, A 1 mL 0.36 mol/L EDTA %
W, ARSI 90 min; B S mL AEREWIMA 5 mL
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4.0 g/L ¥ AN, 37°C B 120 min. B IS A T&
Fl 4500 r/min B§.L» 20 min, ] SMM W UE% 1 1K,
SMM W AETE . Bl E B RS SMM Rk # B,
WA T HAERUZEE IR AL, 30°C fHiRIGSE, W R A
JoT A B PR

5000 r/min #.0> 20 min, fiTA 0.2 mL 37 A& 8 52 55 A
1.8 mL PEG (6000)& ¥, IREHS), —&RET
fEF—@mtal)E, LBV SMM 0K H KR R,
5500 r/min 5.0> 20 min, WHERS T, H SMM ¥
BVE, S SMM FUKH B, WA T AR [E A8

.., A-B FEH b, WUZEE FREE 30°C K598, R RA BUAR
A R= x 100%
C fill 408 2242 PEG (6000)(VEE . pH (. filé

A: SMM iR Ja FRA TRV 5L

B: KW R A K R T5 4K

C: M ERTHECE AT 0 AR TR 5K

M T A ER e AR SR R 5 oA K, R
T o W Tl 25 0 PR AT A R T T D A B AR R A 7 58 A1 I
BCS mL T 9 ecm SFMLH, ZESRAMT R KIE 2 h,
1.2.2 BEREELES: B 1 mL A7Ekp A ik
A1 mL 25N KAE 5 R R AT 1R B A TR TR A

*1

W RLGETE 4 AR, BARREL 4 DKOF,
W E AR, DA R S H bR, 8 Ak
G . HH R KPR E W% 1,
- 2F
Rl = D E
D: Wi IA SMM Fi B 5 B4R TR 7 B2 F
E: PP TR PR K 8 J 2B TR T 2
F: A JE A 5 3R 4 st AR TR AN B

x 100%

ERKFR

Table 1 Factors and levels of orthogonal experiment

[Kl & Factor

IKF Level
i Temperature (°C) A (8] Time (min) pH PEG #¢ J& Concentration of PEG (%)
1 34 5 7 30
2 38 10 8 40
3 42 15 9 50
4 46 20 10 60

123 FLEFHIMESEE: 159E 36 ha, WZKE
FRAEPIF G S AR TS, SRR R R K
TN E, B TR T LR R AT R Y TV KR,
WAL H Wi Ry 25 BR A 5 A BRAT B Al S o XTI B Ah
AT R, P A PRI e (1 R 7 I = AL AR,
At Zk, AR

1.24 FLEFFEARTHOMZFHILE: NEFRT
12 h RS T, 40 h IUAFERTE . 24 h BORP B RR T 1
WARRE R P 1 mL B BB BB R B 5 UV
WHEA 85 mg/L (VR AR BE 95 B b, B a3
ODyo, HEENTHIIMN 3ZPE

1.2.5 BAE FRAZEAXS 0 A9 IR M1 6E L AL VR
b= BB 1 g/L PSR VA T o FHAS VR M Ak L
— 7 P R R, A — R U VR 1 A AR v
W, AR BRI SR R (160 r/min) W fff — &
AFIE], 5023 B5(8000 r/min | 15 min), & FH AL
DB AT IR (FLAR 0.45 pm)o A = S AL BRIA i /B R B 41
AT 5 500 5 DR PR B B Al R Y Al

SR TR AR KT P R B AR R B o, AR
W B R R (%) = (C—C;)/Cix100% (1)
W B4t g (mg/g) = (C=Cp/Cy (2)
Kb G G 430 o il s 1 S I R A 2 o
WEE, mg/L; Gy AR L, g/L.

2 HERE5H®

2.1 BRERGHEFHSTE

T R BRI LR E N 1.0, 1.5, 2.0 g/L, Flfi
B 60, 90, 120 min, BEAFIEE A 32°C, 37°C,
42°C , A BR A AE XS BORT A 7 5 3R AT AL B,
AT L 686U 240 5 T 1% JOR SR W 45 4 2 ) A S K R B
it 48 TR AN BE G B 57 3 1 EL AT 25 [R] I 4% 25 14 1 4 i
BE, MM REZS KBRS, RS R AETER,
i R sl RO R AT R 2 G, LA EE SMI A
AR 5. R 5 K SROME 4 R i A B, in A EDTA,
ATDLES A A RE BRGE ) 2 BT, A
fETAE .
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Wi 25 V5 T G TR P 1R B B B T, i
A FR AT R T, (Al L AR, B R
A5 00 40 R R R X, DL M LA A0 R,
AR R R, 3 A RV G SCHR A AH A 25 o
I R B R, 0 A7 BR A JR A A !
MEAER AL HERRE 2.0 mgL, Mg b ugiodurans (a)5 3R B8R SO
] 120 min, BEAFIRAL 37°C, TELAA 86%, LK) (x 400)
}E/_:Eﬁ,ﬁ:jyﬁ%%};ﬁ,ﬁ&ﬂ@ 1. ﬁ%@ﬁ*?%ﬁﬁiﬁ Fig. 1 Configuration of D. radiodurans (A) and its proto-
PRSI 2 P IR 15 mg/L, W T
iFE] 90 min, BEAFIEE 37°C, RN 93%, Hk:
FH 36%, WA 2, RHMKIE 2 h KiGHN 98%.
22 BEEREHREER

MNF 2 B, MG AR R KN PEG
M > fERIRTE > @A RE > pH fH, M4 K
A RN, T LA 2 Fe Al & 4 F A A3B,C,D,,
B4 PEG MWIE 40%, Fi-&BtE 10 min, fl&EE & 2 Citrobacter freundii (A)SEHJR5E FRIKB)HEHWR

- — (% 400)
o 5% > El AN FEL -1 AN
42°C, pH fE 8.0, EBLAAE T IR Rl A 45 21l 75 Fig. 2 Configuration of Citrobacter freundii (A) and its

A 2.74%107, protoplast (B) (x 400)

x2 RERFHMEEZRERABRERSMESN

Table 2 Results of orthogonal experiment on fusion factors of protoplast and range analysis

- [KZ Factor _
Nimilbes T (A) ‘Z{?E(B) pH (C) FHLI‘ETJ(D.) . il %8 N
Temperature (°C) Concentration (%) Time (min) Fusion rate (107")
1 1 1 1 1 10.400
2 1 2 2 2 983.000
3 1 3 3 3 54.100
4 1 4 4 4 0.153
5 2 1 2 3 40.800
6 2 2 1 4 864.000
7 2 3 4 1 30.600
8 2 4 3 2 9.250
9 3 1 3 4 59.200
10 3 2 4 3 926.000
11 3 3 1 2 67.800
12 3 4 2 1 2.580
13 4 1 4 2 68.500
14 4 2 3 1 442.000
15 4 3 2 4 38.700
16 4 4 1 3 0.231
K1 261.913 44.725 235.608 121.395
K2 236.162 803.750 266.270 282.137
K3 263.895 47.800 141.137 255.283
K4 137.358 3.054 256.313 240.513
R 126.537 800.696 125.133 160.742
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SERLH, MR 40%0H PEG (6000)i, Flé
RAEGE; PEG 0] LA A FpA i 5 el 40 T R, LB
IKAE FIHEAL T 43 HIC2E 3R T 1) 25 11 0 A0 B o Y HE
G, e TR S, R #ERL G PEG TEfE
20 e A 0 3 R vt 2 A R P A B, — R R
ML 15 min, @A SRR L BIRE RBER R, TS
ONPRH o H TR AR IR T L o 20 e A R s M, pH
HAEMAS IR R A PR A, Ca® Fl PO LA TAE T
KT AW, BRI ] B A5AT, MM 51 S mh & o 76
BT, SR pH (H, Ca™ fFAEMEHL T~ nl L
IR B d KA AR

TERD A 1 A rp, B0 AR T) | 6 T D % 40 T 1Y
FrAEnt AR B A S i ORI, 23l R
AR I, % vl B S BRI Rl e 1 R AR
FARBEFTH, A A R R R
23 REFHREHEYLE

AU ER TS R, ZUGRE & A BRI
FEFRAE IR PO A K s K 3 2, B DA7E Fi
Bk B AR W TE VR AT RE R Al A T Ul D R K
TR E R AT T, 125 BREA M AR T (0, AR5 5 B,
FIFH X — 4 s Al AT . G 53597 18 h,
Bt B R TR BB, RS AT I, WA
2, B2FPIR. 36 h 5, Ao @mE i, BiME T
WS, 5 R IO — R BT RN, 2B, Ry
B B BOARTR, P15 % iz o g,
Bl 3. Hese amEE Pk 10 Wk, ARG 7R
HAERKEON R E, BB, 5% 12 h BIATGk
FIXFECE R

-

= 0

o Q

S 3 : O CRaRL . %5 &t ‘ B “

3 BMEPHRERKA)RME T B)EHRIS(x 400)
Fig. 3 Protoplasts in the process of fusion (A) and Con-
figuration of fusant (B) (x 400)

24 FEEFRIFEANT AT S M LR

4 nTLUE 1, ek 85 mg/L B4k
H, APEIRFT A O AN REAE KOF B W, A5 BRI 1E
Zead 45 h BE NS T IRAE K, Bl TEZE 22 h

(38 NS IR AR, IR R4, XA ) i B
A TR Z A T — o AR, PR A R
s e K
25 RAETE5FEARWRMMERE LR

WG T APERRAT I . A EREE AR 12,
18 140 h J&, 7E pHAE A 6, HIAZGHHR Ly 40 mg/L,
AT E TR, B 1 h, Ho =3 i Wk B 2R A
Qg

—-Deinococcus radiodurans (Blank) —# Citrobacter freundii (Blank)
—=Deinococcus radiodurans (85 mg/L) -+ Fusant (Blank)
== Citrobacter freundii (85 mg/L) —e— Fusant (85 mg/L)
1.0 1
09
o5 b [ e
0.7 ‘

0.6

OD, 600
(=]
(9]

0 20 40 60 80 100
t (h)
4 BAEFEFAMZ % LR (85 mg/L BI4H)

Fig. 4 Comparison of tolerance of fusant and its parental
strains (Uranium concentration 85 mg/L)

—4— Biosorption rate of Citrobacter freundii

—— Biosorption rate of Deinococcus radiodurans
—¥— Biosorption rate of fusant

—=— Biosorption capacity of Citrobacter freundii

—*— Biosorption capacity of Deinococcus radiodurans

—*— Biosorption capacity of fusant

100 135 &
on

R 5T 130 &
e I 125 2
g 9% 1% %
g B 115 8
S g0 f £
2 110 &
m 75T 15 3
S

70 1 1 1 1 Om

0 1 2 3 4 5 6 7
Concenstration of biomass (g/L)

5 MSTSFEARERWRMMERELLR
Fig. 5 Comparison of biosorption capability between
fusant and parental strains

HE S B, G FERBIKRERT 2 g/L Y,
W o 5 AR IR 6 k8 L ] 0 ) 3R 7RI 7 AGE T AT T ek
1=, MR LUAT B RR AT 1R R I 0.9%, WK R
0.1 mg/g. FLI B 5 I Btk I 050 A5 A B2 A 385,
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A RE R A S S AL SR T A A R R R
SR, BOE RlE T R BR SR AT B L 5 B AR 5E
T E

3 g

AR IS A5 B 0 AT FR AT T R A BT A T £ R i
SN PRI 1.5 mg/L, BRI E] 90 min,
fRIRIE 37°C, BLARME T B JEAE RARIE R R 93%,
FRAE AN 36%:; Ar BR T J5UAE AR I SR AR T 25 2% 00
VA R 2.0 mg/L, AR TE] 120 min, B I
37°C, JEHLFEH 86%.

G IEAS I 2 FefEml G 4 PEG Wk
40%, AR 10 min, @A TEEE 42°C, pHIH 8, H
H PEG MMk B YN R, fEREa A & T
MRS A 2.74 x 1077,

A T Al B A BB T 2, R SR,
HHCEARFFERFTE, MG FrmZiEa 7 —Em
7t =

TE pHAE R 6. BE LR Ly 40 mg/L . WL R
B 1 h 0T, AT R ARG R AT B B
tH0.9%, MR 0.1 mg/g.

R W, FIH PEG (6000) A 75 78 5 55
IBE T R B I BAT AR IR AT 1R 5 A K e i A A
PEATRE R TATIY, ik — 2B WSl 0 T 55
P R R R B R B AL LAt vk, A AT A G
SRR N TR R4 T H AR LA

2 % XM
(1] Z5fr. MR HoR SR Jbat: oo Toll e,
2003: 70-89

[2] Bk, fkpliat, AfCEL. WU AT TR R SRR TR
Rl A O 7 Y. B s R, 2006, 27(2):

84-86.
(31 B, fTZL. A =S8, dbat: Bl e,
2005: 63-85.

[4] Battista JR, Earr AM, Park MJ. Why is Deinococcus ra-
diodurans so resistant to ionizing radiation. Trends Mi-

http://journals.im.ac.cn/wswxtbcn

(3]

(6]

(7]

(9]
[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

crobiol, 1999(7): 362-365.

Mattimore V, Battista JR. Radioresistance of Deinococus
radiodurans: functions necessary to survive ionizing ra-
diation are also necessary to survive prolonged desicca-
tion. Journal of Bacteriology, 1996(177): 5232-5237.
iz, skst, WEHE . AWy L AL 5l B K D5 ik
J&. DUJIIFREE, 2003, 22(2): 9-13.

JAEE. KIGFAEBUARM G E o-ALDC == Mk, 7
JERAER 122038 3, 2004

BTCER . R BRSO Rl B B 7 i 2T 4 R S A
FEFRUFT B BIWTIE. PR RA R A 718 3, 2006.

EJ 267.3—1984 i {1 "P Al il &2 .

AR, XA, AR ZFHR RIS R 1 R A
FiARLA AT, RUE2 425, 2002, 22(3): 10-11.
EIF, B, . X IE 1 5 A TR A ik i
k) DRO-2 [ RO RFIE RS, BT, 2007, 34(5):
72-74.

Khattab AA, Bazaraa WA. Screening mutagenesis and
protoplast fusion of aspergillus niger for the enhancement
of extracellular glucose oxidase production. /nd Microbiol
Biotechnol, 2005(32): 289-294.

XN, EAMET. ZF AR R BRI, FRAE KA

[EI LA RS, RUEYIEHR, 1994, 34(1): 76-80.
BT, ot ARG R R 0 KR BT WOt A
Y244, 2006, 15(2): 209-213

Yong Zhang, Shumei Lin, Yujing Zhu. Protoplast fusion

between Geotrichum candidium and phanerochaete chry-
sosporium to produce fusants for corn stover fermentation.
Biotechnol Lett, 2006(28): 1351-1359.

Sivakumar U, Kalaichelvan G, Ramasamy K. Protoplast
fusion in Streptomyces sp. for increased production of lac-
case and associated ligninolytic enzymes. World Journal
of Microbiology & Biotechnology, 2004(20): 563-568.
Shuibo Xie, Lian Hu, Xiaojian Zhang, et al. Study on
Biosorption Efficiency and Mechanism of Uranium by
Bacillus subtilis: Progress in Environmental Science and
Technology Vol. 1. Beijing: Science Press & Sciece Press
USA Inc, 2007: 293-298.

Shuibo Xie, Jing Yang, Chao Chen, ef al. Study on bio-
sorption kinetic and thermodynamics of uranium by
citrobacter freudii. Journal of Environmental Radioactiv-
ity, 2008(99): 126-133.

© PERFERMEDA AT SHESE http://journals. im. ac. cn



