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BEBREE (Rhizobium meliloti) RIFt R ERH 5=
£ R BEF £%4

(LRt cERE w2k, JE 100094)

HHRAIE 042B £ 400mmol/L NaCl fZA R B P & Kot HRMABIRACREN
8. HERT NaCl BEBEAFRED, EMASESRN (R) HEARIEE ARALFIR
RARR, AW, ERKE NaCl &4 T, S8 H AR WA EHEAERe, FZIMME
HBM (R, £ 600mmol/L NaCl fi% 4T, MAERMBHAAMNH AMAER TR
. REEWEMEYEEE. 0 RRASER (RAGAER AHEREEE. WAH
BRI, LA BF SRR AR . . . MR SRL%
BFHERERANERGNAERR S, BRANRERTUEERNARER. FOOER
T ER A SRR R
XWMA  HEEMN, Wit SR8 HEmRIREN

+ &%k, WEGREVRAE H2AMNRER, 1975 4, Measuresl!] RHREZK
FtEAMERLAG T, TERESERUEINMANESEE RABRABFTLPN
HEMFHFH L, MEZKHEANNTEHRMEARN - RETR, ARTEL
AHB. MEHERETHRAENCERMEE, BEENENLOREEELELAHT, A
Ba s SRS ST S RbRES 23,

VPR B B R A A e R AL R OF TR KRR R H a3 ), WA
FERERLERLRS B | BIGE HERBENLEREARNEFREENBER
P, fEX AR o B e, MR BRI H R A N, AW RS R R W
BoMEIE R, AR T T (R 52 SE R AF BB UMY & RBE e s 1o L o
MA LRI BB RE NV HRAHAREUEE ' . 1989 4, Smith %
R, ERRREERNETRRE—RMFN KR N- ZRuaRRLsER .

FRALME LN PREAWTARNAAFERSE. Bl KEIEEENTHE
Wy b SRR R B A K AR . B SLARR B = B B S S AR s (1], (B
EHEBRENRA AL wmAaREYE, WEXERELNECS DN CREYRE IRk
iy 6, E, HREERRENEENE, FBTHENRROWRERESNESIR
AR ERNERN EEREE L MRERIRSE, BREEDRTFENS LY
WAH TR,

H OB O F %

(—) W& ,
BRI 042B S G H#, LIT MK Rm042B , SR AEAIEFRE £ KR
500mmol/L NaCl , '

AXF 1901 5F 11 H 13 HE B

© PERFRMEDMRAATESHEL http://journals. im. ac. cn



il R 8% HNHEAMN (Rhizobium melibots) WL 261

(=) AR

1.- YMA 3E#FEMRH LR (17] .

2. BAREFEN MM 3R, BT SRBICK [18] . ZH TR ENER, BFREHRERX
HESAMA 2ml XK#d 10% BEfH . RIFEEXBHE, WASHLEESY, pHEE 70,

(Z) REMEEEHMNE

He3emk (18] #E47,

(M) EEiti

KAEEy: U7 S35y W oCwk [19] .

(H) AERSENE

FH LT R .

GX) AR FENEER RN E

7 W Rudulier S8 1201

(L) MR HERHEERSEROME

JriE W Storey Faip3c 1,

& %

(—) ERAAERNHERMEEMRGTRER

Rm042B E—f R sh R M X B £ & A 100mmol/L NaCl fyEA 3 b4 K e,
HRARERARSER. £ 145, 7£X NaCL &4 T, HEERNTE N 16.1nmol/mg
EQ, SHEEERSESN 39.7%, M7 400mmol/L NaCL ##4TF, #ERIBILAN
260.4nmol/mg FH, M JRAY 83.6% . (HAERE NaCl fiEAIZFHES, I NS AR
() HEBRHEW ArREARNHESEER. (HEH 400mmol/L NaCl ik
T RS RST A TR RRE R, Makisame S BER TR (3
1), TH R AKX BB R (3 2), R0 H Z B0 300 T LU 2 SRR T 2 40 38 P i
BEEYMA.

EREEGT. AEHERBERAARHNR RIS MY RE. k2 iR,
£ 400mmol/L NaCl FEMHA T, MEEREAMEHEEH A MNHEMOBRBEL 2
f§. HR, EFELRT, BH KA Rm042B £ 400mmol/L NaCl R4 TESGHEHRARH
AR .

(Z) & SUBS o H 90 B0 B 3 I 05 B 1) 0 B

Rm042B {7 400mmol/L NaCl k#- THEAEAR, HHGERE—HERRT
. HE, FEARRIFTREMEFREENREEE. WX 3 TTUEY, £F% NaCl
MERERED, WASERERE Rmo42B £ K, EHEBERHE NaCl &S T, &
BUHE BBAE A EFY K. 7 600mmol/L NaCl HET, MAAHEMY Rm042B f) 4 KK
HAmE AR HER, HIAEATRERESERYRANESHEMRERTE,
B/ETAE ORI, EEREREDRMAH AR X, W REERTEK AW
MEM. BR, FrimASSRAHERIERE, NEEHEM T 600mmol/L NaCl i
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WERH. IMRAKRE, SERNHARBXBEAFTHRAEY, EHBHEREHEAE
.

%1 Rm043B HIRAEARGAR
Table 1 Accumulation of intracellular glutamate in strain Rm042B

EHRE ) BsERSR BHEMS B
EERMESH
Medium Glutamate content | % as glutamate

{nmol/mg protein)

MM 16.1 39.7
MM+ HaR " 104 46.2
MM+ glutamate

MM+ H BB~ 12.5 58.9
L:[M+g!ycine betaine

MM+ 88 + HERBKE 18.6 36.7
MM +glutamate+glycine betaine

MM +400mmol/L NaCl 260.4 83.6
MM+400mmoel/L NaCl + A %8 + H 3R 108.9 66.4

MM+ 400mmol/L NaCl + glutamate + glycine betaine
» BEARMHERY 2.5mmol/L

Concentration of glutamate=2_5mmol/L

o HEAMBFUEEHY Immol/L

Concentration of glycine betaine=1mmol/L

22 Rm042B B HERSERRKRER
Table 2 Accumulation of intracellular glycine betaine in atrain Rm042B

e EL. 5 E2 %5 4

Medium Glycine betaine content{nmol/mg protein)
MM+ HEBRE RN 30

MM glycine betaine

MM+ GEM + HHME RN 75

MM+ glutamate+glycine betaine

MM+400mmol/L NaCl + HEMEL¥ 126

MM 400mmol/L NaCl+glycine betaine

MM +400mmol/L NaCl + #48 + HERREMN 364

MM+400mmol/L NaCl4glutamate+glycine betaine

H—FAERY, EXH 2.5mmol/L FRMERT NaCl i EARERESF, BENER
HERE H R AT TR, B2, £37% 2.5mmol/L #HRHA 600mmol/L
NaCl B AN R ER, HREEE H R EWA L (0—2mmol/L FEPI) #9380 RE
REERKER, 7 2mmol/L BHEKEREDIFE, K7 NaCl FENWR T, SHRN
HE R W R {23 Rm042B p9EK (A1) .

() HERURANZERANTRALE

CATERHERHERDGERADFIRERTE T HXHAYRSHHTT
BREE.

JEEA H E R A SEM A SN+ A (B 2) . HEUERAR HEARARXR, S4ER

HiTHEAE TR, XAEBRMERT T O ERMERE R .
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H R (mmol/L)

Glycine betaine concentration(mmol/L)

1 Rmo42B EREAHEMEARWEHE XL

Fig. 1 Relation of growth rate with concentration of

Lol

glycine betaine in atrain Rm042B

MM;
MM+ # 8B MM+glutamate;
MM+ 600mmol/L NaCl;

MM+600mmol/1: NaCl+ & 8B

MM+4-600mmol/L. NaCl+4glutamate;

4+ 4 B 8% HHWME (Rhizobium meliloti) B IR HETFR 263
23 AERONHERENANAN Rm024B S0 0ENEE
Table 3 Relief of glutamate and glycine betaine on growth
inhibition of strain Rm043B under salt stress
EE 3 Uit (B
Generation time(h)
Medium 0.0mmol/L NaCl 600mmol/L NaCl
MM & _
MM+ B %M 5 28
MM+ glutamate
MM+ HERE RN 6 —
MM+ glycine betaine
MM+ 488 + HERaEe 5 14
MM+glutamate+glycine betaine
0201
QE 0.16"\\\_%— CH3
* = 2
¢ I
012
ig . o1 CHs -— N* — CH; — CH,OH
N I
A 008 s A
E o4 CH;
1.4 " °;,3 -— a
]
a 2 4 & 8 10"' 40 CHj3

CH; — N* — CH, — COOH

CH;

B2 EK () HEAREER (b) WX
Fig. 2 The structural formula of choline{a) and
glycine betaine(b)

R4 ENNZEARFLERNATN Rmo43B £KMAEM
Table 4 Effect of choline and glutamate on growth of strain Rm043B under salt stress

b2 oF ot (A
Generation time (h)
Medium 0.0mmol /L NaCl 600mmol /L NaCl
MM+ H¥ " 8 —
MM 4choline
MM+ HER + B 4 12
MM+ glutamate+choline
MM+ #HE® + T REEw 5 14
MM -+glutamate4glycine betaine

* HEM % lmmol/L

Concentration of choline=lmmoi/L
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25 ANEERANSEARENBERDN Rm042B BEEMEM
Table 5 Effect of other amino acids instead of glutamate
on salt tolerance of strain Rm042B in synergism

E 9. 0.0mmol/L NaCl 600mmol/L NaCl 600mmol/L NaCl+ H B ¥EM
Amino acid 600mmol/L NaCl4glycine betaine
FEm ++ - +
Glu
KEdm ++ - +
Asp
KL BB ++ - +
Asn
*HEAR ++ - +
Phe
Ham ++ - +
Thr
LE . ++ - +
Arg
3 1. ++ - +
Tyr
wA® ++ - +
Val
RREER ++ - ¢
Ile
xam ++ - -
Leu
-2 1. ++ - -
Ser
AR ++ - -
Ala
Ham ++ - -
Gly
EHAW ++ - -
Cys

H: (a) “+” #REK Growth, “++ " R4 K RIF Good growth, “—" FRAFEK No growth;
(b) WEMMEH Y 2.5mmol /L, H MBI FMEN Y 1mmol /L

Concentration of amino acid=2.5mmol/L, concentration of glycine betaine=1mmol/L

ERERERMELAM. RABE. FHNEAR. HER. HER. BARIATRST
KRESEAM, 5HEMEERY Rmo42B RIPFABM, W5 - LERERURE (& 5), /X
JRH M Re o i .

(B) BFHBEHER

BT TREREERE -SRI NaCl i 15 R i 58 T R B T % # fE R,
FEREARFE P IA S 500mmol/L NaCl 2By 5, M KCl . NaS0, . K350, .,
NaNOs . KNO3, MgCl; fil MgSO,, ME X i i3t i £ KaOMHIER, UREER
AHERHEROHFRARY SETRERAFRNEXE.

ME 6 WLLEM, Nat, K+, CI- #1502~ 3 Rm042B @BHMAL, mitma
FMAH ERHERAT BB mROMAERH. B2, Mg* # NO; 3 Rm042B
HBENFEENEN EWEFRERK.
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6 RYEPEETHRNN Rm042B £KINEM

Table 8 Effect of electrolytes on growth of strain Rm042B under equivalent « tic stress
A )
Treatment Generation time (h)
500mmol/L NaCl 15
500mmol/L NaCl4+GB 11
520mmol/L KC1 23
520mmol/L: KC14GB 13
440mmol /L K3504 13
440mmol/L K2504+GB 10
490mmol /L Naz S04 21
490mmol/L NapSO4+GB . 1
590mmot/L KNOgy F4H No growth
530mmol /L NaNO; F4 & No growth
330mmol /L MgCla A4 No growth
850mmol/L MgSOy4 F 4 No growth

t: GB RR 2.5mmol/L FHAMW +1lmmol/L HEARIEM

GB=2.5mmol/L glutamate+1lmmol/L glycine betaine

GF) HEEAERBIHXR
EEAEFE R E, Rm042B HEER 500mmol/L NaCl , EMEFRE R KR EA
B, HRILETTRE R 600mmol/L NaCl, HERFEMA lmmol/L HEMRI M,
HABEmERE:, MEEEN YMA 58 B, HEEHEHTEX 700mmol/L NaCl (%
7. LREEREH, Rm042B @R SEFENERR S FEBVXE.
2 7 Rm042B WMk S5EHBER
Table 7 Relation of nutrition ’nnd salt tolerance of sirain Rm042B

B ERIER
Growth
Medium 0.0mmeol/L|500mmol /L{600mmol /L|700mmeol /L|800mmol /L
NaCl NaCl NaCl Na(Cl NaCl
MM + + -
MM+1% B¥EKRE MM+1%casamino acid + + + -
MM+1% B XA +1mmol/L HAMBRM + + + -
MM+ 1%casamino acid-+1mmol/L glycine betaine .
YMA + + + + -
¥ #

&4 400mmol/L NaCl fBEAEHES, Rm042B P KEHRSHBEANBIE
E MAGg— g TsamnRRmaEs . IR S5HaRdaRege—
B, AUSEMERRENTERRHTYR, ALBEN, EREEXETF, HAMNE
HEMHXWFEAER, Rm042B WA A BB RXRYIR, BRIMNE HREESEIHH
ARHEWERENONE, HHEBRHXEARTREMIIREAN, FERAG2HME
WERY. AL, FRSERYAREARBETRHEBERIIHAXRNE TEHEH
KR,

© PERFRMEMMRITATES%EL http://journals. im. ac. cn



266 w £ W ¥ # 33 B

FEAH NaCl Wik ey EAIER LD, SEM (R4 LAER) f0H R MaE
RIMEE R B E IR A B RN R R B, KRB CIRTBE BT, Rudulier?! f
Bernard(!? 334, ERBEELGT. SMANEHEREXRESREX THRYRA
HHEENBSHNRER, XAEEEEES5AXRA, LHEEhFALRFENEL
BHEEFSEAKEM, T Rudulier % A L RA MRS ERAEYEARERLONE
BETXHEES SHEMARMTFENDERER. s TR ERETEEE TR
HEMEEBHEA Rmo42B fIRAAXRER, XETUBSRASEAROBERAABE
Al AT SIBAWE N (£ 1,2) . ETAEMRNE SR ERMTH 5 T H S8
RRAER, B ST, ERET ERBLROWE. BEFERAETERIER
SAEBEhEER SHTERMERATER .

ALRGEREY, UHARELHRRENNACAEIERGBERESRY, BEXNL
WAE LA Nat . KY | Cl- #1503~ %3 77 Rm042B MEAESRA, H Mg* f1 NOy
HEMENEEEM, 19844, Botsford HHGE, Mgt 7 25mmol/L X &R
MAEREBENMEAESR. TF NO; MEEHRNOEEAA, T4 MR LHGE.

ERRAEYRAESERESMNLE. BTFERRAEASELIGR, LER
TR, BRRZ, Ru042B AR, HAER 500mmol/L NaCl . MBIARE KA
Y, RETEIENEER FHMEIEERN 100mmol/L NaCl , 7 YMA $#%F, BT
LMY EERA, BEEHABENSE R, FHREAVERT 100mmol/L NaCl , X
AR N EERREA TR RRE T —REE,

2 * x M
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STUDIES ON THE SALT TOLERANCE OF
RHIZOBIUM MELILOTI

Wu Jian Yang Susheng Li Jilun

(Department of Micrebiology, Beijing Agricultural Universily, Beijing 100094)

R. meliloti 042B accumulated high level of intracellular free glutamate when grown in
minimal medium containing 400 mmol/L NaCl. Intracellular glutamate was not accumulated
in this strain grown in minimal medium without NaCl even though glutamate and/or glycine
betaine were added. However, exogenous glycine betaine cpuld enter the cells and this
entrance was stimulated by glutamate in the presence of high concentration of NaCl. Salt
tolerance of R. meliloti to 600 mmol/L NaCl was not elevated when exogenous glutamate or
glycine betaine was provided. However, a synergism occurred when glutamate (or another
amino acid)} and glycine betaine were added simultaneously to minimal medium. Under these
conditions, the inhibition by the high salt levels to the growth of R. meliloti was relieved
significantly. Magnesium ionsinhibited the growih of R. meliloti severely, whereas sodium
and potassium ions had little inhibitory effects. Of the anions, chloride and sulfate appeared
to have little effects while nitrate inhibited the growth significantly. The correlation between .
the nutrition status and salt tolerance of R. meliloti was also discussed.

Key words Rhizobium meliloti; Salt tolerance; Glutamate; Glycine betaine
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