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LR A TY B3R, 28°C I 15 3%,
EMBERBHGEFE, 2 R Saiv EH %
TEUOIRER DNA,

1§ ZRES USDALLO HERPPE YM MEspyk o,
28°C |G H IRG, HAREEE R, FH
iR OD {4 0.1, 28°C R HBNNLER
AL E R Imb, R 107,107 /it0™,
ERLESE T EANERERE (4C) 3E,
R H BT 0.5 ml SREBIRAMNRE , MEZ AR
3R 0.4 ml, SRIGMEL 4k B RT19 @y DNA 2§
B {EH DNA BREiREY 20 pe/ml, 7 28°C R
s 3E 24h, HITHAL,

AL %L 0,3 mol /L NaCl PEGERILIDE #
Hide ¥ L EIENEEMAM DNA 19
$h USDALI0 B &R oml, BRRELEEERY
DNA5Q pl, 435 % 7€ & F 0.3 mol/L NaCl fg
YMA SRR E, 28C Fifa

(M) KREFREEZEARNE

o0 [15] =TT

(R) &f&RE

F KL

(7)) ARARERARNSENNE
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NaCl #J YM 35 P IR i, U
4y R34 3.0 #1 3.5h, i H &5 fif 0.6 mol/L
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FHIEI(FE o
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Table 1 Growth rate and salt tolerance of
strain RT19 and USDA110

ﬁiqﬁ:;g:i)(;:?tl”‘ Generadion time (h)
tolerance RT19 USDAI10
0.0 15.2 8.6
0.1 3.0 -
0.3 3.5
0.6 11.0
0.8 —
(=) REFHES

M RT19 $#EL DNA, MBHKE %
104.5 pg/ml, FH1E ODx 1 ODuw Z b
2 1.9, EWFIEN DNA 4,

3 RT19 fi5 DNA (20 pg/ml) ¥4k
USDA110, REMEEERE FFO3
mol/L NaCl ] YMA BB,
AR DNA FISZ K85 Bl e R BERY
e EER . 3 RERAE, AN KD
FIBBERE, EESIMEAT EFEHRT
279 [EE%. MH, £ USDA110 HR:it
FHAE&E YMA iR L, 107 MBS
HiB 134 E¥%, REIEE 7 USDA 110

COBEEAE 13x10 M. BT, AR

H2.15x107%
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T iR (LT EETEE B 4,
PRt 101 D EEE AL R, HHERAD
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®2 RTI19 3o USDAI11D [pE X £33
Table 2 Main characteristics of strain RTI9 and USDALLD

Characteristics

RTI19 USDALLD

AR
Generation time (b)

3.5(0.3 mol/L. NaCl) | 9.6¢0.0 mol/L NaCl)

W (mol/L NaCl)

Salt tolerance 0.6 0.05
L. ATEEE
Specific nitrogenase activity nmol 21.4 55.9
C,H,bh™? - (mg nodules)™?
. BRIGA (d) 10.0 7.0
Time of appearance of nodules -
iR FHEBLD THES
Nodulatien less nodules more nodules

¥3 RTt19 31 RTt50 mitMile

Table 3 Nodulation experiments of strain
RTel9 and RTt50

- . EEmEE
Strair Specific nitrogenase activity nmol
amn C,HL - (mg nodulcs%"
RT19 21.3
UsSba 110 44 .8
RTt19 39.5
RTt50 31.5

F 4 RTt19 #0 RTe50 shfipfom dh
Table 4 Growth rate and salt tolerance of
strain RTt19 and RTi50

2 15}
ﬁ%?“cf 'g:lltﬁ" Generation time (h)
tolerance RT19 RTt50
0.0 1.3 2,0
0.3 1.5 3.8
0.6 3.2 10.8
0.8 4.5 —

gERmE4F A (1) RT9 W
RT50 #RMHRARERER:, ()X H
B TERS NaCl 9 YM B335 b
A RKERMERE RT19 ik (3) RTS50 £
0.3 mol/L NaCl Pyt REF S (k 2%
iy, 7£ 0.6 mol/L NaCl i1t K; (4)
RTt19 #94 KikEbftthilthE &, 9]
i 0.8 mol/L NaCl, LLt{kEEm i &

}%0

WHHEA 66 REMLTHIRBET 4B
g, 30 H AV R0 5, R B FE X e
BT, PRk (RT96) (H{RW &
(0.3 mol/L NaCl) Fofeigid KAEE 4h,
HEAMEFEARTE 0.3 mol/L NaCl &% TH A
A, MAERMEAN YMA BHEE4E
KEE, 5Z4&E USDALIO #Hl,

(B) #HLFHBEESH

LT RTi19 Fi1 RTt50 33 & &
E OYMA #imEE 20 R, HAe kR, Mk
RE AT

Bk F RTt19 F1 RTS50 gy 21
AT 20 A BIRBERE “112-2-47, #)
ERCHEEREELE ERTENSERE, F
RBEEDFRER, RFE 20 RAE 1 RY
BESESEERE. MESEH, RT1Y
HERTEAN2BERS% K E USDALLD
MU, EEEET & B RT19; RT50
FEETENEETES RT19 2, &
FEEEEARERNA, RT19 f1USDA
110 #{l, RTt50 k2, ™ RT19 &,
REESF, SERAILEEEESR,

(R) ARABERERSRSY

RTt19, RTt50 71 RT19 KIS HE
0.4 mol/L NaCl yEAIEZFEim, MR
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%5 RTt19 30 RTt50 (H 1, R 20 K)HLEHER
Tzble 5 Nodulation experiments of straim RTt1% and RTt50 {1st, 20th generation)
s ralE R B it EMTEL% BHK A 5% BE
Bk ek e (mg) 'Toml ik {g) e Bk 2 (mg) K HE )
Strain El?;lé]cr quulc nl;z:;%(i::rak l Strain P[a;lrt;ﬂpiﬁlg:gli_of Strain ‘Total S:ﬁ’ Ipe:;e_x
welght (amol - CIH.h'l)& weight lity purogen, bahility
AISDA 1101 I8 616.7 10,300 | RTt19 1.88 4 RTt1Y 53.69 a
| 1 £ 1D
RTt19 36 485.0 16,800 EJSDA 110 1.64 a JSpDA 1td) 51.82 a
(1 £
RTt19 29 366.7 9,250 RTtlS 1.6 a RTt1% 47.18 ab
(20 %) (20 4853 (20 £
RTi50 29 278,3 5,970 R Tt50 0.92 b RT150 21.13 b
{1 %) - (1) (1%
RTt50 25 261.3 5,620 | RTIY 0.86 b RT150 13.85 b
(20 ) ' (20 %3
RTI19 17 213.3 4,580 ' RTt350 0.83 b RTI19% i1.22 b
i (20 )
AEEER 0 0 0 FEETR 0.79 - AR 6.48 -
Control i Control Control
%6 NaCl @t RT19 RTt19 3 RTe50 i BRANNHEERESNER
Table 6 Effect of sodium chloride on the intracellular free amino acid composition
of strain RT19, RTtl9 and RTt50
. B R . -
T mino acid comcentration (nmol. mg protein™)
Amino acid RTi9 RTu19 RTt50
o ¢.4 mol/L o 9.+ mol/L 0 0.4 mol/L
NaCl NacCl NaCl
f"—ﬁ‘]}ﬁ@ UD 2.14 UD 1.43 0.86 uD
REAE _ —
Thr ubD 8.4 0.83 5.27
ﬁsffﬁ 0.98 1.72 1.41 uD 1.56 3,09
ﬁcai‘iﬁ 10.67 153.38 2.97 27.73 17.69 86.88
HHER 4.19 5.86 4.15 3.11 4.57 4.98
Gly
Wﬁfﬁ 20.29 23.55 6.15 13.72 18.53 30,04
4"%@@ 2.23 5.01 1.2 0.97 1.63 1.52
AR 3.9 11.02 1.56 11.55 2.55 5.75
P& _
Mot _ 1.48 uD - —
HEER _ —
Teu 1.11 D 0.67 UD
mEm 1.5 3.11 1.23 0.81 1.68 2.37
yl‘
ﬁﬁ;ﬁ; 1.65 2.51 5.58 2.06 1.3t 2,23
HEEERDSR
Total free amino acid 45,41 226.7 28.56 6i.38 51.88 145.13
CEERTE Tt
o as glutamate 23.5 72.1 10.4 45,2 34.1 59.9
UD==UIndetectable
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RS EE KRR, LHESEBES
AIHE (# 6)o RT19 EFX NaCl &4
T, R EBEE &R 25 10.67 nmol /mg
‘IEEI, HiFEAEBEER 23.5%; & 0.4
mol/L. NaCl £ETF, HEsEBER b
F 416338 mmol/mg T, §REM
721%, RTt19 fEX NaCl B, HEAE
FREYZKSES 2.97 nmol/mg &3, 52 &K
10.4% ; #£ 0.4 mol/L NaCl 7KFF T & 3K
2773 mmol/mg B, S 2 BEM 45.2%,
RTt50 £ NaCl B, 3PS SEBIEE Y
17.69 nmol/mg & H, HE & K 34.1%;
7 0.4 mol/L NaCl ¥ Ff F M 34 86.88
nmol/mg |H, 5R2EM 59.9%,

ESHhRE T, ARARTHESS
BT TERSN, NEBRNSE8LE
ARG,

W W
AL RERGSEEARE 1 # R I

RT19 #3FE USDALL0, EBFEEfh A4
iR, HAEXE S U E L F RTO 1
RTt50, FEXF ¥ L F b, RTi19 3%
B TIRRAR, &R ESR A RT19
T2, M bk RT19 &, EE14
FE 20 ERTEMLAENHE
faHl, RTt19 F1 USDALL0 4hF #1 {81 &y
AP, EEREGNHBANE, Hik, RT19
R—HREENANEMRRERATRE
B, B R —F FARIA R,

FEBARE, DNA BiealDlres — #
HRMARBNE LT XL TR—
PR A B R A R AT 40, Ho 4 65 #
AT TR K18, 1K DNA £{pih
RIEAE AR R TR T &,

BINEY DNA AT EATHRE &
R HEEE 2 EETY, MR
ARG BRARED, RLBER Y

AL{R B8 (Rhizobium fredii RT19) FIZ{E
B (Bradyrhizobium japonicum USDA
110) Z [RIF9%E Ak 2 B 4% 1k o

i ERA R E L —E R E 1Y NaCl &
HT, ARARERENSER, D
WANTTIE AR R S8 (LT RTt19
Fl RTt50 % 0.4 mol/L NaCl % f& T 44
M EEBERNEL, ROLBEERE
BREEARNES, MBS TEHEESME
EHAYT R, iR EOM S S
rEREENMINEZEXE, B—MNE
FIETHER

it AR T A B R B E B,
DNA #{4EdE A THRHEN—/E &
FE, BICTAFARERS., iditka
BB S e A, XBENTE
T 4=, FRIT EERBRG4E
FREEESYE, DRATHRERANE
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THE CONSTRUCTION OF SALT-TOLERANT HIGH EFFECTIVE
STRAINS OF SOYBEAN RHIZOBIA

Yang Susheng Li Jilun

(Division of Microbiology, Beijing Agriculturel University, Betjing)

Fast-growing soybean rhizobium RTI19 is
a salt-tolerant but less efficient nitrogen fix-
ing strain. It has a doubling time of 3.5h
m YM liquid medium with 0,3mol/L NacCl
and even grows in concentrations of up to
0.6mol/L NaCl, while slow-growing soybean
rhizobium USDAILQ is severely inhibited in
medium containing 0.1 mol/L. NaCl, but no-
dulates and fixes nitrogen effectively.

Two transformants, RTil9 and RTt50,
which are salt-tolerant, fast-growing and more
efficient nnrogen fixing, were obtained by
transforming the DNA from strain RT19 into
the cells of strain USDAII0 and selected on
YMA medium with 0.3 mol/L NaCl as selec-

tive marker.

Intracellular free glutamate was found
to increase rapidly in strain RT19 and trans-
formant RT1l9 as well as RTt50 grown on
medium containing 0.4 mol/L NaCl. Alanine
and valine were found to be increased at
lower level.

The characteristics of transformants RTt
19 and RTt50 are maintained even after 20th

transfer of the cultures.

Key words
DNA rtransformation; Salt tolerance;
Soybean rhizobia
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