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O WU E R 2R TR R R, DA K
FEFR K R RS B R T AR 90% LA b T Eh4T R B 5 B 7E 60 ~ 70
C R A=K g AR 2 R 0 R RTRR 38 IE SR B4R 2 Fi
BRI AE PR R & 2o X B e T AT IRBE AR KSR B
MK B D RETNRE , 4 tH R REBR AR RS 7, R SR A L 8 L 65
RRHOEHESETr ik RS T RARS 2 FhaRbhatfy LB R, 5K
WaREN 2 MR A AR S B R MU AR F VIR E 37 C 1EH
A1) 3 h, 3R ZFE(PEG) WREEN 40% o TEZMRALSM T AR ik
Bl a3 N1, 536% , Fi e 3R1G 3 BRAETE 30 ~50 C REFAKKE S T
(ab.c)o RBlETHKN 326 BB Hh 21 32 H SR bk 32/ 66% , (ELiTHf
2B R IR KRR RS IR R RE S 5 T Eh LT IR R AR A
o HRET a BREAERER EREERERS A, HAH
FEAFHE 2 RP QR G R RIS SR E AL

MRES: NRAMMEEEH
AR o7 T 5 R AE P O T b 21 0
PRI FE AR IR Ty 2F 0 FF B R AT IR AR
KRR G Tk 54 H 3 bR #uE
BE KA THER SR EE
30~50 CEKRBIFMmMA T, H
HELE T a EtRAEKEY, MREE
T , BBIE A F TR I
EEH: MELaIBHE; BIRIED
FHAE; FAEREKRME; %£E;
i 55 i

hESES.S917.1

kAR AD: A

LT, KPR IR AR & B R, UK PR IR R
FEVR DU MM 30T R B 2
KIEESBIRGK=h WA MEREEEL. 4
BRI A G M A SR A TE . CREIE
FlTCT5 Y TORR B8 A& & A M A A, 7E 4R o
YA K TR IR K P S e BE ) A
FEBFEMAE a2 Y ER,
BH R — R HGE A A K IR BN 30 °C,40 C LA
ERIARRRAK . B T A AR 2, BUE B
MRREFIR N EME, BT, B ER =R LR
WRKIFN, FEEAEEHAE . EREEAR
S S 1 oK 7 SR FR) O A SR e AR
HEZSFRBAR T AFIRE M, ik, X4l vy
BRI, ] s o L4 1 oy PR K BB 45 4 7= 0 )
FIRFR A EER L, Mih e 22—k ae7E
0.1% ~4.0% NaCl T A4, F 7 fil§ 2 R 20 R ik
90% LA LB FH , mEHARE I ZE AT 1 W) 7] 7E 60 ~

RS HEA: 2011-04-27 {EE HH3: 2011-05-26
E&TH: flEL%ZE(2007)623 5

70 CRAER . ALK PR H A& w ik, K
AR S il 5 AR 4000 32 e it s R BB R 3K
A A 2R A Tt S 21 R , DT Ay LT o b bR
IR AT R BERE B4 2R

1 WRSIE

1.1 ##
1.1.1 E#k

i $h LT AR R , ERIR 7 2 FAF B O AR TR
LR EETRFEM.
1.1.2 3E33:E

Jeb 4 B Ak 3% F£ 2'%) . CH,COONa 3.0 g,
NaCl 1. 0 g, (NH,),SO, 0.3 g, MgSO, 0.2 g,
KH,P0, 0.5 g,K,HPO, 0.3 g, CaCl, 50 mg, B¢t
0.1 g,MnSO, 2.5 mg,FeSO, 5 mg, 2 H ik 10
mg, BREER 0.2 mg, Z&1E7K 1 000 mL,pH 7.4 ,121
CFKHE 20 min; B FHEFREE: HATBRBRIN.
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NH, C1,MgSO, & J%,53Fic & 1M A

IR SE AT R R R 4 B 3 g,
NaCl 5 g, Bifig 20 g, & H R 10 g, Z& 187K 1 000
mL,pH 7.4 ~7.6,121 C [ K& 20 min, 3% 355
BN PR MU RE S MRS P AR IR 2
BRAGEFRE - EEF 10 g, FHH S5 o, Bl
B 2 ¢g,NaCl 5 g, %08 5 g, 2818 7K 1 000 mL,pH
7.2,121 CF K 15 min,

JFA R ARA RS SR R ERR G SR
FEAP USRS 157.8 ¢/L,MeCL, 4.07 ¢/L, FH&
B2 5 g/L,121 CFKH 15 min,

AhEF ORI ARG T B B SR
A INEERE 0. 1 g/L, MgCl, 0.4 ¢/L, RE LM
0.7 ¢/L,

1.1.3 &5 gz vl

WO BS (46 BE: 20. 000 wMG 4y 5
LDB0308) Ity B 4 T A4 T# ( L) HRRAF;
OB T VAW : T T3 147g CaCl, \pH 10.5 fyJFA:
AR B i, B 2 RN B E A
e tRA R A, Bt
1.2 Fik
1.2.1 TR L8 B 5 v FAUIe 7 2 H AT o #) D AR
Irge iR

43 IR 7 20 BiAE K Hh 3 1 T k21 42
W SRERIE AT E S mL TELEH, BT
4 000 r/min FE.0> 10 min, & F1EW, HH3 ~4
mlL J5 AR B B G2 v R e O, [R] B R AR S O
J& , X $h 2D MR B R B IRLEE 37 C A R 2
1.0 mg/mL FE#TE] 3 h Ab3H ; TXS 08 #AAE 7 2F
TR R B IR SO C W E & 1.0 mg/
mL FERfE] 5 h b3,

1.2.2 WERART 2FF T B J A Jo 1 B 5 K3 52
o)

W T 25 4 1) 8 AR T 2 AT B R A TR R
T80 CokiEH, Inh— 5 i R BURE #EAT 10 157
B I —E MBI TIRARK RS IR,
BT 50 CTHHFR 12 ~ 14 h J5 , WA PG AR I 2F
TP TR R A BRAR AR AE B Ol o LUK IE R R 4735 2]
100% , BRI J5 ZEFRA AR B AR F 0 0 i o fix
HERTES
1.2.3  Tif$h 48 5 5 W8 PR 7 2 F A T 0 LR
FEiRRL G AL

Sk FIEASIRIR R T By Al R (3R & — % PEG) |

il VIR -5 1) o 796 7 T D A o Al SR
AR A AR & W Bt 5k i . BAKE RN 4
K P T B A TR & B R B SRR R R A
FIVEEE, I 5 —E R B RRIR &, A 3 £
TR RS WA, &S, B E — NG
F£5 000 r/min Z&F T B0 10 min, BR_EIE W, IF
e PR B D A S AR VR R 4 A IR TR IR AR
FAFERBERE L BT S50 CFHFHF 24 h
W V& A R IB L, 5 Pk AR T 7 1T 2 A5
5, LR BRERE TR EE RN AR
o AT ARHH PRI o
1.2.4 B ARG E

(1) ¥ 2 FoEtk SR e FIELEEM TRE
FRRIEFRETH, 535 ET 30 ~70 CTHHEEFF,
WREE & BIARTEA RIRLEE T AR R B .

(2) ¥ 2 Motk SRE FIEL)E, 2 0%
TEA RV BE R & F B R B R 28 FAR |, o
M4 IR SRS B T 30°C F 155, W AR 3%
WET S0CTHFR (BFREE TR , B
TEARRIFR R T AR L .

(3) DA el #30 vp HIR /K IR B /K A4 D B I
Tl B 2 AR A R R K BE 439 O 18 mg/mL 1 6
mg/mL () FRFEKARBE TR I . & 5% HeFh 8 | #
2 MR SRS T, B R 24 h I E & T RRE
AR S TMERNMEE . Heh, &AW E R
RS RS R R a- 250k
g,

(4) ¥ iE G 2 Fh bk 5 RE& 1L
10% WHEFBEAR S TR RBAE &S, JF
BT 30 C5H 50 CTFHIFR, KL 0Dy, K2 I £ ¥y
7, WS T EMAERNERKESR,
12,5 BATHE

B2 FEtk SRR E 7R EX
b, o AT AR B B S B TR R SR, O
BT 2 R EUE

BeAh K 2 FhoRbR S RS T A SRR A
12 000 r/min B> 10 min, I £E 5 14 A TG 7 A 3
KRR, B L, REZK, EREESET 60%
HIRERE B W b, DA SR AR AT UL 43 0 0 BE 3 (K
300 ~900 nm) A H P A 2 F R G RLE T 1
WL 2251
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2.1 FEREMFRFEEFERELR

o TR A R A P, R KIS A T4,
FHAE VR RO B R & KK T B, AT R 24 &
PP o BB, AR SE TSR P 7K VA 1 X g A
U 2 AT B R A TR AR AT BOR RTE L e 4
RO 1) v IR B 28 FAT B I A AR 7E K
¥ 80 °CF 12 min B} KiE#RiKF 100% , B LR
80 CAbHH 12 min 20 HAIE 5 25 LT 5 JL A S 1A
Kk R

100
e 8
60
et
R 40
20
% 4 8 12 16
HE]/min
1 BERERFREEERERTFEHE

Fig.1 The inactivation curve of protoplast

of Bacillus stearothermophilus

*x1

2.2 REREEEFHERL

RFHIEAS RS, LAJR A A Rl & 2 847
BRIHREE (B (8] \PEG ¥k BEXT Rl & R, 5C
BHRGERIE 1.2, HERER, EHH
ER LT IR B F g TR 7 2R F0 4T B AR R R R R
HIE R FE WG R EE > B [E] > PEG YREE, H
Hh YR BE XS i AR LT R TR 5 B AR T 2R AT R A
ARG R Bl B3, T PEG ¥R B 5 1 Rl B
[E AR E ., HaibA&H4HE 08 A3BIC3,
BIREE 37 °C,YEFIBTIA] 3 h, PEG ¥R H 40% ,
MRS TG RN 1.536% . RBAELZIK
AR5 TR, e RT3 PRIJREFE 50 ~ 60 C T HaE
HERKKEE T (abic),
2.3 BETFEERERN
2.3.1 BB

¥ 2 MRk SREG T (a.b.o) WAk B AR
FREFHREFRE TR L, BT A RRET 5
Fo RER,3 KRS FREAEKIEE N 30
°C ,{HATLATE 50 ~ 60 C A, 3% B H M P 48¢
FHRAEBKIEERS , @A T 1B A g
HMBEMFRE(R 3) -

IR SEAENFATERERERSHWERKBEER

Tab.1 The results of orthogonal test of protoplast fusion between salt-resistant
Rhodospirillaceae bacteria and Bacillus stearothermophilus

R HEEE/C A i E)/h B PEG/% C A2/ %
1 25 3 20 0.030
2 25 6 30 0.099
3 25 9 40 0.017
4 30 3 30 0.028
5 30 6 40 0.068
6 30 9 20 0.085
7 37 3 40 1.536
8 37 6 20 0.097
9 37 9 30 1.068
K, 0.146 1.594 1.183 T=3.028
K, 0.181 0.264 0.224 CT=1.018
K; 2.701 1.170 1.621
& 0.048 0.531 0.394
& 0. 060 0.088 0.074
K; 0.900 0.390 0.029
R 0.852 0.443 0.365
xR2 FESWR
Tab.2 The results of variance analysis
T ERUE w2 J5 S H HEE i Fa BEHE

W 0.873 2 0.438 51.35>Fy5(2,2) =19 *

i) 0.225 2 0.113 13.235

PEG ¥ & 0.080 2 0.040 4.705

REE e 0.017 2 0.009
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®3 EBERESER

Tab.3 The results of temperature experiment

T BE [[EEANEARE Y] T PR i 2 AUAT B BETa BETFDb B ETF e
30 C + 4+ + + + + + + + + + + + +
50 C - + + + + + + + + +
60 °C - + + + + +
70 C - + - - -

W+ o+ + VIR, + + 7 RRERBYF, + TR ER— - RR A K,

2.3.2 Tt tERE AE R AP, TR ER4L IR B 15 3 ARAL& T 1E S B
B2 FEMRSRE T (abio) Btk AR FUFTEEREFAERKERRBENI(EL) . X

EAFHREENEG TR RERE L, B8R R3S HRELS TR ERU TS HE,

F BB I v R A =, FEER B 6 mFid

R4 FEHRSHE TR MERE

Tab.4 The salt-resistance performances of parent strains and fusants

HhEE [EEDEAR: ] FEPE BETa BETFDb B ETF e
0 + + + + + + + + + + + + + + +
1 + + + + + + + + + + + + + + +
3 + + + + + + + + +
5 +
6 +
7 - - _ _
8 - - _ _

T+ + +VRRERARG,C + + R, + T RRER R TR

2.3.3 BERAALEEAYIGE

ek A 52 R0 R I i 5 R PP £ MR B 1 —
HEEAEIR. I 2 RIH, 0E SR I 2T B R
BA DR AERYES, MEE WBE 7%
i R 0 2 A T BB 5 3 AR T Sk 41 U2 B AR
UT, Horp , SR MR AT 30% , U A AU i 2
KF95% ,

FoAR =R /%

B2 FEhSMAFHEA.EHERMERIEERILE
Fig.2 The comparison of degrading NH,-N and

NO,-N of parent strains and fusants

A R ERET IR 5 B O RE BRI 2 AT 5 2 HBLA T a;
b HRE T bs ¢ HRET co

2.3.4 HERENE

PEE I 2 MRS 3 BRELS 7203 A
10% WHEFMBEARES TR RERED, JFET
30 CH 50 CTHE5E, A ODgg, nm A I H A 4 22
5o HIE 3,4 AT SRR ERLLIR B 7E 30 C T A=
KRAIF,50 CHEARAAK ; G 1T 2 AT
W7 30 CTFAKIRZE, 50 CTFAEKRY;M3
WREbE TEMF A RIS RIEE TR RFEK,
Hrp,30 CTRE THF B h BRI RFREKE,
M50 CFHERFIS h PFIESEKE, R
K RH,3 PRER G T R T P BE R MR £h 41 R
W BARE . B3 RS T A RIFLR,
AR HEE T a TERANRE T MR KRAERKEM
L, EETRE T boc Btk Mk, 525
WHRRE ¥ a AR AR
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2.4 REET 2 EHREIAREEE
2.4.1 AESSEZREGRENE

W& a BRRLL K 2 FRbRIE IR X 8UE
Ko )e , #7522 IR e 7 I8 0 5 B T Be
SERE TS dE S [, i HE b2 A s
Z AR Tt $h 21 SR B ) B AR 2 O B8 R 2 I
R, TS T a FEATESN T 2 MEREZ
o M2 RPLELRE  ME T a Wk S
CTUR TR IR O 9 22 E AP T, T g R G 2 T
RO 2 FR PR T N AR, T 3R 21 4R
HEB/N1.5 ~ 1.8 em) , JEERE LW B
#OE A BB EIRE G, R R E B R
(4.0~4.3 em) JEBRE LT HE [ IRE
HEGER, ST a WRKEERNM T 2
FRMRB Z 10 (2.0 ~2.4 em) , EEEE . FLH
(SN 1= N P PN 1] 18

() WERJIRIT 2 AUAT B

5 EHESMAT 2 WHAETHARKLSE

Fig.5 The cell shape of parent strains and fusant a by electron microscope

2 ~ @A Ta
s 0.8 - @iETD
£ 0.6 WA T
g 0.4 - i Eh 4L
0.2 —— WERJIRT 2F AT o
00 20 40 60 80 100
i i) /h
3 30 CTHRHKSMAFHEKMZILE
Fig.3 The comparison of growth curves of
parent strains and fusants at 30 °C
1.4
o ~ A Fa
= 0.8 - @iAFD
2 0.6 - @& Fc
S 0.4 o T B AT R
0.2 —— WEBIR NI 2 R R
00 4 8 12 16 20 24 28
o [ /h
4 50 CTHRHKESMAFHEKMZILE
Fig.4 The comparison of growth curves of
parent strains and fusants at 50 °C
(a) #iE&Ta (b) i EhEL R
2.4.2 ARRHPOLIERI

S5 RYLBE T a BARA Y0 € R Bl
R EIVARCTIE-NAR Yok g [ VP i~ FN
MR WU 4 e} U7 43 (486. Onm ) 57 £

ZT TR A0 R R SO 7 £ (490nm ) B AR — B, R
BB ST a RO LS SRR TR Eh 21 4R R 5 A
o

F5 MPHGEVNELER
Tab.5 The results of absorption spectroscopy

B RR N R i/ nm
[FE AR Y] 310.0 344.0 376.0 490.0 805.0
AT 307.0 312.0 326.0
BATF a 365.0 376.0 486.0
3 sk 2 5 A AR AT A |, A SC DA Eh 2T 2R 5 e P g
Zhlo

TRt Eh 2T MR T R S 6 2 RIS 8 A BB IR UK
g REF R L M ER K& M B,
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U 25 AT B A B, SR DR AR AR & BoR
0 7 T R R e A £ R, SR 2 o B i A B
BlE AR I IESCIAER, 2R15 2 A R A R



6 B, 4 SRR AR A U F T R Y R 4T SR ST 871

KB LA IR 37 °C, /T [E] 3 h,
PEG ¥R 40% o TE LA A48 1 T S A2 i Ak
RN 1.536% , FH ik 3RAG 3 PREETE SO CT R
AR IBE T o IESCIRE AT R W, I B X Rl
ERIOE RN BE . BAREAERE#EH
K PEG Rl BT 3R 43 RO Rl 2 A , 3 7T BE Fh
F PEG XM 4 BA T F 1R, HAE A ) i K Ek
e R

Xt 3 MREE 15 2 FhRR B A IR BE AT 52
R E (i ER PR RE L R AL SR K AR R RS I i 2
FORREREAT LB, SR B, Bl T RE A K
RBEH 30 C ,{HAES0 C T At KR a1
TR e P RE 5 L TR K R R RS T AR 2 R
AESTH R IR B AE M . HAP RS T a WARAAER
EtEE e, BB S AN B2 R aR
P A €5 3R W e S 3 5 2 PR i 2 20 9 T A
o X R WTE i W8 B 7 25 F4F B 5 Tt ER 21 4R
P B DA R AR, R R R4S T T o R A B AR
PRIGTERLT SR A B B4R = 0 T Eh 4L SR e ko ol
TRl T 20 M o i A IR B AR, T S BEAE SO
CEL 60 CTAILL, X 5 I7 B AT BoIR ol
FIBE T RIFHAl . DIk, 785 2815 B AT
AREEXT RS T a TR B9 IR 5 BT OF ) 2E AT BF
Fo

5% 3k
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Study on the breeding of Rhodospirillaceae bacteria with salt-resistance and
high temperature-resistance by protoplast fusion

XIE Hang,CHEN Jie,QIU Hong-duan
(College of Biological Science And Technology ,Fuzhou University , Fuzhou 350108, Fujian ,China)

Abstract: In order to breed Rhodospirillaceae bacteria with high temperature-resistance and salt-resistance for
powdery agent-manufacture, the conditions of protoplast fusion between salt-resistant Rhodospirillaceae
bacteria which could degrade N-nitroso over 90% and Bacillus stearothermophilus which grew at 60 —70 C
were studied using orthogonal test. The physiological characteristics of fusants such as temperature, growth
salt and purifying the water were determined and the identifications between parent strains and the excellent
fusant by electron microscope and absorption spectroscopy were studied. The results showed that the optimal
conditions of protoplast fusion were as follows: temperature 37 °C, reaction time 3h and the adding amount of
PEG 40% . Under these conditions, the rate of protoplast fusion was 1.536% and three fusants(a,b,c) which
could grow well at 30 — 50 °C were obtained. The tolerance of growth temperature of three fusants was
improved by 66% than salt-resistance Rhodospirillaceae bacteria, but some characteristics of salt-resistance |,
degrading N- ammonia and N-nitroso were similar to it. Fusant a grew faster and steadier than other fusants
and its characteristics of cell shape, Gram stain and pigment absorbing peak were similar to salt-resistant
Rhodospirillaceae bacteria.

Key words: salt-resistant Rhodospirillaceae bacteria; Bacillus stearothermophilus ; protoplast fusion ; breeding;

high temperature-resistance
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