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R RREE AT AR 5T
MEET R HER

CEPRURERETE R 430070) CHPEELREEWSEE LR 100094)

W F R RAUME CH203 %A 3 4&H 8 (pRHa, 97MD; pRHb, 168MD; pRHc.251MD
AR, AFERERENRE TnS-—secB BITE G NEA R S TkiFn, #%
BRI ET. GEEYEMAL, AR pRHa WEXPTEEE LRHEME, B pRHb 6
ERERGREERS, ETY HHEPHR EEZTHEL, L THREE(OPS). Kl
pRHc(GH AR )M EZ R BEREEHEHRML LR, ArEdsigtAESES. HaaE
HERE RERMORMFENL LR, A, $E5HEME CH205 4 5 FA/NKR MK
B (58 42MD ~230MD), ZEEFESFNNNRET FNBEANAREERD. IR
BERUEHBRERES, ERRRMERTENY S ERMERN L,

XEE HETEWAEE, AR, tENk

RENEL SERAYHEE, BASKFTHESEENEEAWERAR, ASH08
B 5 R B B ] (nod) IR B H (nif & fix) EMEKFR E GRALERR"?, B=
R MRS A = RIVE RS, MR ER BT AR, B
KEBHBESHEL - FAHEE 0OAHERRTEE, T EEREE, SERn
(1000~ 1500kb) 4% 3 N ERBES RERBE, WECHMESH 1 700kb B R E
B, XFPRERENIBEUABRREEHEXETRESD. EHIBEE (R
leguminosarum bv. viciae) MIELIRFE W (R legminosarum phaseoli) ™ M B BB L& R
FU, BREEFRS, REEREERAESETAILENSY), ¥-AEANARER
FHRAEVEARE ERAEA™EBNEENEXE E45LET - F#
(Rhizobium huakuin)”, EZXERBEESH 1~5SE2KFER, 5 TR 35MDB) 600MD
EXY, AR THRXEFR G EMERE, ARSI ARESANES SRR Y
M¥, JZR TnS-sacB ¥ M T #E17 FORL W BR A BRI b ok BRI 06, 9055 90 R 00 £ #b
hEMHEXE.

1 #EFakx
L1 EHHER

¥ AR B CH203 #1 CH205 RS ML R E AR B, A48 GMI9023,
BB pRK2013(F ra B H) R K AW E B EH# 46, KB pMHITOL(E
Tn5-sacB) 1 N A #EE Hynes M F B,

*ETEESMARBEELTH,
KX TI19965E5H1H g H,
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1.2 BHFE

YMA 5% EY, Ty #E#E", WHEREZEKREN N HEENm), 100pg/ mh;
ZKIZMM (Nal), 30pg / ml; FIHF (Rif), 50pg/ ml; BEHE(Sw), 300ug/ ml.
1.3 RHERMmS TR

BB B 4 B 5 % 15 S0 Fokhardt ¥ 510, 3 FHXE% Dig- FTHRIETFM
(1993).
14 RS (LPS)ME

HEREXR B I1].
1.5 BNHBRAERABRIENE

FRHEREREECHE 5], MsHEREREE L [12].
1.6 EHE

EREMNTFLRENEE, HHE RO TFEEFL WY Leonard WEH, B
MR pIE SR OLHE 12h, KSRE 7000Lx, BE 20C)., FREE - EWE, #F 0.5ml
BEBA0 /m), §—08sKEE, RAEMRMEEDE, SELEERK. TAE
VBB, BESENL. NEEAKEE, Bt Tk KESHEBETE.
1.7 REAK/DH

BB FIR 7 FGY AR, 3 Johasen R AY Y, MITARWA. BE. ¥R
fo, EEHETHERE,

£XR
2.1 Ptk CH203 # Tn5-sacB H AN RN E

WHECHR2B S HIRRESR, H4TE5 % 5 pRHa, 97MD; pRHb, 168MD;
pRHc, 251MD™. LIB S 458 B nod DABC HIBTH 4 55 AP S nif HDK R84, #at 2
F3. BT pRHc WHAERREL. #HEHk CH203 Z 28CHIRH R TR 100K, R
LERREEG ARG, SRENAE 100 MEE, RREMLREN, SNaEE4S
AR, AR CH203 R B8R E. Uiz ok Be tER vk 1R 0 L 5 B th RIS k.

W CH203 5 £ coli 17-1(pMHIT0)BEFT 2 EAZ3E, ££ TY + Nm + Nal ¥Af |
ERFEREST. CH203 % Nm#U#, Ecolitt Nal &, RERBEST (8 pMHI701
t To5sacBEBEM H4K) A BEZE TY + Nm + Nal ¥R EA K, BIHLEEXSES T RN
P, it R H B Bk MIM294 (& $ BH RBL pRK2013) 5 2 F0RLAY AT B GMI19023 #HT =%
LA, WHEME CH203 # TnS—sacREEE N R FEZ 8] LA R EP (RETR A
TY+Nm + Rif + Str}. FERLRG, BHEET Tns-sacBIE AT BR LB BB
. # TnS-sacBR BRI EE pRK201I BT, MRUERE KT ERE (HEB
BN 107 ~107"), BEHLEEEE TY + Nm + Rif + SuFH LA KN RFEEBEAS T3
TTRERAE W, 85 W& BB CH203 N HE R, 914 8 78 A CH203 1 %
TnS-sacB¥s WK FERL, J‘kJTﬁf—‘iE‘FﬁEﬁﬁEﬁ! Tn5-sacBHE R, Ll Dig-Tn5 N 84 SR
BRI BRI AT 4238, RATHE GMI9023 (pIBSHI Tns) HIEFAEE CH203 iy SRR 1E 2§ B8,
B 1 T, pIBSH:TaS AR S Dig-TnSEH M2 MY, CH203 M FEH SR RS
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FAME, RHBEMHIKMAN S Dig-TnS FHEMAZES.
2.2 FRANBREEENKES

¥ E i F # TnS—sacB ¥
BERRRIRY S m AR A E TY
WAk RP —EWHE (107~
10 / mb), B (0" ~107)
BETY + 7% EETR, &
JoE 39C 4B 2d, #RJE 28T
FU TSR, FHEH
TnS5-sacB # FBL & 4 Bk 2K oK

ER, MIZWEEETY + 7% 1 BBk CH203 B Tn5—sacB ¥ R % 51
MR AR, &N, Ek Fig.1 Identification of different plasmids in R huakuii CH203
M T SRR HE (sacB) BT labefled with Tns-sacB

% F R R R R S 1 P 1.GMI9023(pRHa); 2. GMI9023(pRHb); 3.GMI9023(pRHc);
KA ARAEEEEM. 4. CH203; 5. GMIS02Z3(pIBSII),

SFHEEL . ETY + 1% EEFR LEBAMAZBTEONATY 5 TY + Nm PR E, &
WOt #7 B  (Nm) 8UR 09 B % 17 R, M R eiinbre ik, AT wdbnliE
sacB K&, W ToSB7F4E, MBI HKRHEE, HEETY + 7% FEE PR LELAERK, HE
ENTY 5 TY + Nm Al KX S 09, RS0 — &R B R sl bk (B 2). RAXSEfh R
— KRR A R R bk, R AT TnS-sacB1E [#) § ¥ Bk 5 B8 #k o] 3613
HER 2 R ARIERMETH, RENRBRERESAITHERLESB/NIRHEEZH (K
2), RIFERAKBRAEE KRS AREAL A THAETRE AN, XL, B
BCH23 WEERNE S mMAKNARER.
23 RAuBREEERMNRBFE

iz 5% B F TnS—sacBIE [8] 7 & FURLBR R B bk . 1§ X BT bk 5 BF A B i R Bk
AT RAAFAE IR, ARRTHRNEFRHFEREHESE (XK 1), WEA T pRHbWE
# CH203-2#1 CH203-4, 7E TY FAR L& MRS, EPARMIREPRERRAR,
Hh B 2R, 7 58 B B Bk MM294 (& 5l B FURL pRK2013) BhBh T, LA ZK T #9805 OB (3R
TnS) B ARAF & Ak, BRAN BN R E I REHIITRE = AR, ETY +
Nal + Nm V4 L i e R o B 3 5 1 (W B B RLfe FF B8 39 Nal 8%, 32 (R0 B 3t
Nm &), HXEEBEEBES TREHETIBEAN, KE - F7 EeE R EK.
CH203-6(pRHa™ / pRHa), CH203-7(pRHb" / pRHb) 1 CH203-8 (pRHc™ / pRHc). pRHb i
$L e B %A Bk CH203-7 (pRHL / pRHD) M & S AR S BF AR — 3, WlEL A K
B, EPABRAKPEBEAREERS, ZONEAERT2SWE HENITFRSEE, #—F
IESE 722458k CH203-2 (pRHb ) 3% B AF L &ty BUkL pRHD B 25 5| &2 6,
24 RERESHE

B 2K ORI 2 A48 B Bk CH203-2(pRHb) 7 TY F 4 L B ¥ B ks, 76 PA MR+ ik
BE, XMBK5 Cava(1989)"". Hynes(1990)"#1 Sussan Brom(1992)" 4438 #9 LPS %18
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£1 ENEREERTRORDSE
Table | Characteristics of plasmid—cured derivatives of R Auakuii CH203

o HXERD T BRES R ERWIE
Strain Gene type Morphology Focculation Nodulation Acetylene reduction
CH203 wild type S - + +
CH203-1 pRHa s - +

CH203-2 pRHb R + - -
CH203-3 pRHc” s - - -
CH2034 pRila b R + - -
CH203-5 pRHa ¢ S - - -
CH203-6 pRHa /pRHa S - + +
CH203-7 pRHb /pRHb S - + +
CH203-9 pRHc /pRHc S - + +

OR: ETYFAR Wi ush: S: ETY PR EB#HLR

R:rough colong on TY medium; S: Grossy colony on TY medium.
@+:; FEPARE IS S E P BB E+: Focculation in PA broth.
@ERMBM MG 7F AMBEL R Examined for 7 weeks after inoculation strains.

LPSI
LPSl
B2 @E CH205 BRH TR B B3 #z=%MAEEEEE SDS-PAGE Bk %
Fig.2 Plasmid Profiles of strain CH205 and its Fig.3 LPS profiles of R huakuii strains on SDS-PAGE
derivatives 1.CH203; 2.CH203-2(pRHb);
{. CH203; 2.CH203-1; 3.CH203-2; 4.CH203-3; 3.CH203-7(pRHb /pRHDb}.

5.CH203-4; 6.CH203-5.

B R ASEHIL. I SDS-PAGE # M i vk 9 i & 88 (LPS). 45R (E 3)FM, Rtk
B # CH203-2(pRHb ) 5 B A BRI HL B/ iE 2 0% 1, T b 8 & A #k CH203-7 (pRHb /
pRHb) 5 & A ##k CH203 —# R # LPS 11 LPS I, 3 —# iEKFik pRHb 552 ¥ K
LPS P4 H X.
25 WEEANTRYE

HATE CH203 75 pH42 LA L&A TREAEK, BT 42MABER, BEREHREET
AEf pH B3 Feup, ERAE R 28T, BHY 150/ min HHTHHE—A, REHEF
BREGRM, HEWRHEKSE. AKKBEEMRER—-AR, EWHE pHAE, &R
FW () TR S A BT FRe, Hobkse T FB pRHb MBI #, HEIMUUNE
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MH AEEEABEY, BEEHK® CH203-6(pRHa™ / pRHa) #1 CH203-7 (pRHS /
PRHL)AESE 2 W BBk ) PLRRVE, T JFBL [ &2 8Bk CH203-8 (pRHC / pRHe) B Hi M #E
WA R E B (pH = 4.8), A7 8218 & Bk pRHe £ &Y Tns 36 A 8455 & W X b Mt
BB, BT, BARA0 TR S KA RS v R 1A .
2 BHEFEpHEFESA THL WA
Table 2 Growth of the strains in the different pH TY broth

. I 3 353 ¥ M pHIE pH in TY broth
Strain 4.2 4.5 4.8 5.0 5.2 5.5 5.8 6.0
CH203 + + + + + + + +
CH203-1(pRHa ) - - + + + + +
CH203-2(pRHba’) - - - + + + + +
CH203-3(pRHc") - - - + + + + +
CH203—4(pRHa b} - - - - + + + +
CH203-5(pRHa ¢ ) - - - - - + + +
CH203-6(pRHa /pRHa)} + + + + + + + +
CH203-7(pRHb /pRHD) + + + + + + + +
CH203-8(pRHe /pRHc) - - + + + + + +

+ RFETYRBERLEPER, - ATETYREEREGREL,

+: Indicating growth in TY broth; — Indicating no growth in TY broth.
2.6 BBk Bked e R

ME T Wbk CH203-1 IS RBIBAEGMSRABRESN. BRER, R4EE
pRHa B IH BRI R b CH203-1 (pRHa )BT S X L 28, HERBR Ry L
ETENMAERE, HASHA, FALFEYEECHR0 FENERE . &4
CH203-1 BT E AR C LB, BB ARBENARY F EXRLENEFE
TREERERZEEME, AEBORE. EREEEY, ¥ EBRARATERER
R BB w AR, Hob, 2T %7 EMMET CH205 B 5Bk % 5 i 34 %
REERBIRE M XMW, BBk CH205 8 F S&BRH. 14 K /M4 81 % pRGa,
42MD; pRGb, 72MD; pRGe, 112MD% pRGD, 161MD; pRGe, 230MDM. Fifr I
FERBSLEERFE, LRER (R I)ER, FORE CH205 bR pRGe £ % ¥ 5
REBREIER R, (e = 0.05), TR pRGa Fl pRGd [8] i F 5 U5 5 18 48 B #k 09 2t 4
BE (e = 0.01).

®3 CH2SREELEMENIE RE

Table 3 Effectiveness of derivatives cured of plasmids in R huakuii CH205

(g3 e ok 5t d HeETHE HE

Strain Gene type No.of nodules Dry wt(mg/plant)  Added dry wit (mg/plant)

CK 0 18.10+0.30 0

CH205 wild type 1542 45.8240.41 27.72+0.41
CH205-3 pRGe 1441 32.16+0.39 14.06+0.39
CH205-7 pRGa'd 2543 . 65.7540).62 47.65+0.62

CK: RERMEZERAN, T hREo0EETyMEH,
CK: Net inoculating R Augkuii strain valules are the mean +SE of thirty plants.
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B4 CH205 ZEAEBRIRE T (BORSEE 16 X 10)
Fig.4 Sections of nodules formed on Astragalus sinicus L. by plasmid—cured
derivatives of CH205(magnification 16 % 10)
1. CH205-3(pRGe); 2. CH205; 3.CH205-7(pRHad).

BEDA LSS HBEALS (E) TR SHEHRCH0S BB HE K XRHK
CH205-3 (pRGe ) UM/, RBMML, WA SHERD, %%Hk CH205 7(pRGad ) FE M
HEEA, SHMARE, RNSHEES.

3 itid

BREXSSHEEIERFER, AMEESREETEEEIENHZAE, KX
R IIEE, RINZEIFEMAMENE, FRATEERERE, ETNERNER
EERTHEUEEZHEE, RNEATHBERN T ERARENE, SIHEET
TnS—sacB "t AL RISt L B Mk, WEZEMBERBEMREE TR, EF
¥, MAMBEMBFHALOBBIRSREN, BEEREN, HERRERNESR
BT R LENS Y, RITMEREY, £z %058 60RO B E & KK
#AEFY, BEEMEREREEER, SRR ERMENERS, BWERT ¥ RRE
EHATHOEEE 2RSSR, KASEWERF. FEBAFERE LER St
AR TR, HiLg s, RPN ZIIEGE S RN E CH205 FERE, BEH
R LA R, EE BRI A SRR R USDAI94 th KM LY. WBREH
BEEELEEES, -BoRRARERBER, BEASALIOFYTE THES,
XA TREMEMES; A, FRERE TR - ERAEEF, EHENEE
hEEB L RIE, WETHMBEGLERE EEEMH RS E A RER (ps)). ATiEm
B, £4, B 7R E e e R ES, AR BRI TR
BB THR, FLlb, BARSSHECEEMREFRERML, mitdd, AREE
MRS E R %% BEEWR B AT REREEGT X, RINAEEER
FRBLE 0 A Y Yk, 3648 iR AR, 1 H 2 F 28 m FoRLia) (X5 E)) 69 4
TR, AR TR R A e R R I BRI

& % X W
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FUNCTIONS OF PLASMIDS IN RHIZOBIUM HUAKUII

- 12 . . .

Zou Xianghong Li Fudi' Chen Huakui’
(1Deparfmem of Microbiology, Huazhong Agricultural University, Wuhan 430070)
(ZC ollege of Biological Sciences, China Agricultural University, Beifing 100094)

Abstract  Rhizobium huakuii CH203 harbors three plasmids (pRHa, 97MD; pRHb,
108MD; pRHc, 251MD), and pRHc has been shown to be the symbiotic plasmid. By
positive selection for curing and deletion of Rhizobium plasmid using transposon
carrying Bacillus subtilus sacB gene, the denvatives cured of different plasmids were
isolated. In comparison with the parent strain CH203, the strain crued of pRHa lost
its ability to fix nitrogen, only forming ineffective nodules. The derivative crued of
pRHb showed no nodulating on root of host plant The strain lacking pRHb had
rough colonies on TY medium and lost lipopolysaccharide (LPS I). The strain lacking
pRHc(sym plasmid) obviously lost its symbiotic performance. Furthermore, curing of
each plasmid in strain CH203 reduced the strain's tolerance to acid. Complementation
of each plasmid cured with corresponding plasmid restored their original phenotypes.
The study suggests that other plasmids in addition to sym plasmid affect symbiotic
performance. Further studying on function of plasmids in Rhizebium huakuii CH205
also approved the hypothesis.

Key words Rhizobium huakuii, Plasmid, Symbiotic effectiveness
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