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RE: ALRIUL 0428 ¢ DNA #1L ROGIY 4ilE. 7E8A 0.2 mol / L NaCl X iEF#biic
YMA S5 FEEE L. 3R1% 37 BEARA B . RLILAT ER 30 RIYFATEERE. A 8 B IL R T
iy KR PE. FEAGIX 8 TREEAL TR L G HR #51 FRRE 0.4 mol . L NaCl fIIM %UE S
SR ROW. {11&TH 0428 M§E 4k T ROU £t ROt6 7 0.3 mol /L NaCl ki X
DI ICRE, AKLA BUR K

KA DNA FE{L itk 2000 TR

hES T QUI0.I(3 QUi

LW 3E (Onobrychis viciae folia) K2R ETRIARMY) . AR N — KRR
PR 4 0 N B, TG R AL AL T 1R B FESE K, SRESEREAETR L 4%
HoEmt L DR, IR RS AT, AR, R R AR AR Y S A D i
A O B L BRI R DY B BRI, B TR BRI Y S R
R, HRER —ANBRK, 1979 F, Major SR P . 4T SITAUH EAGE KE A AR
PRI, Rt L0S IO BTAY R UG ) 2 R AT S ATA PR AP S R BT — 2
IR REIRZ -, B O, LN W BN AREER AT LK, TRAGKES
AR £ LR AR (£ AR Y, B, $RTTLL T IR I A0 45 R B AT
Tit B FE BT Je T4 Y.

17 DNA #ETRTERSREE. SERRBE. RO RAENEN ORMESSN
IR CT i FL & AE ARG 0 P A M R R e R R R SRR, BRRL, RALR
Pel SR 1L DNA S0 7735, $5 35 DNA Jy BB BT TR BIE, AT i b i 8 5 5 8
UG TR bR, TR, DUR SRR
1 #RESE
LY B4 G NRETE ROGI B—HABA TR TG RMA SR, gk,
{5547 0.1 mol/ L NaCl B9 YM 3EFRirh Ak Ic. M BRIKIEN 2. HERBN042BTE
AT 0.8mol/ L NaCl B YM SERBPATLIE K, SRERGE /R RE.
L2 G RE YMA B YM 89 . TY JBRE O REENRE ERE
ARREF AR B FE 050 M B MECHR (9.11.12)
1.3 DNA #9325 4 {e S AHAE 042B A TY K5, 28T ISR, EdivER
FCHEATL, %04 Saito S EGTE O 2K DNA.

HZRE ROG3L BRI TY HF#FR P, 8CIRSIEH 24h 5, 40001/ min L 15
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min, WCRBEA, Pk, FELEWW. N TY HHEMBIPEEK. 8CHRFEES Sh, BOU
EHE, ek, FLWEW, WA ) mL BREAEEERREE. R—EHETE K ImL
EHMRER 107, 100° 8 107, EFIMEETR. RAEHRT 28T, 7 60 min FTHUE
A DNA &, 1#3 DNA R%WRE R SO pg / mL, 7 28CTHRYIEFH 30 min, Wik,
A TmL TY B3R, 28CTIREEHE 72 h, #HITHAL.

£EBLL 0.2 mol /L NaCl {5 R 5 by sk bnic. # 2t sk 4 R B A
DNA B3 % ROG31 B4 8 0.1 mL, Y{HAE 042B # DNA S0 u L, SHHIRIES
# 0.2mol / L NaCl #7 YMA Mg b, 28CHige.
1.4 Ketfeardaeymlx &30 U1 #1T.
15 ke RMMETREE O0 . EHRERS LR a2,
1.6 maAsEE AR RAFOME FIER Yap H Y,
2 #R
2.0 B EAe 2@ e AR 042B M-ZAE ROGH) BFCRE, H Sh1ERIEE
FEREES, LB e RFRE T,

1 042B 1 ROG31 Y= EHSIE
Table t  Main characteristics of strain 042B and ROG31

&k Qe [EExed 941 fu) NS
sorain Generation Sall tolerance Tame of appearance Specific nitrogenase activity
i
e time 1/h mol. L NaCl ofnodules (/d  nmolC,H, - (mg nodules)™ - ™
0428 20 08 120 510
ROG3H 16 0.08 300 33

042B Fl ROG31 ¥ th&ERIREE (& 1), (B, ROG3I Xf#h1- 58K, B RS
SEFEHLARA, T 0428 @i RYRELER, SOMAIE EGE NS L ROG31 3R, BTk, 042B &—4
R UEA R, T SO E AR,

22 #FRA M 042B #2H DNA, MEHWKIEN 1.43mg/ mL, HHTF OD, 7
OD,y Z 3 1.8, ROIFTHAY DNA B4,

1% 042B B DNA (50 yg/ mL) §%{k ROG31, #REIEFHLEBREE A 02mol/ L

NaCl 8 YMA 3552V L. 5 8 DNA f SR E 2 SHRTER £ 80 TR E AR
B2 REKRE, 2 AR, AES LRI 36 A%, W,
Sk ROG3] MR IEEIFECH 9.6x10°/ mL. FilL, HMHRY 3.75x 107,
23 HACF @A LN EAKE AEH 0.2mol/ L NaCl #) YMA V-4 EHLIR 37 Hrst
o, HifEETESTE YMA SHES 30 4. REASH 02mol /L NaCl i VR EAG &3
AR, RILLAT 8 B ILT VRIS WEhtE, JU& 29 BRIITE 0.2 mol / L NaCl &4+ F R
B, RET WM. ¥ LR S BB L TESETBBRKIEN YM R, HP s
BRET4E 0. 8 mol / L NaCl &4 44, $4h 3 #kAAELE 0.4 mol / L NaCl HVEK.

FER LR R YM B3RP, ME 042B. ROG3] MEF{L ROtl, ROt6 #fEH(
£2), BB ST RS T RKENOR R, ERERR: 2L TERRAMTT, ®
B 5 F IR AT
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®2 BN, TEENRETHORNE
Table2 Generation time of donor, recipient and transformants

W R 0% Generation time, ¢/ h
Salt tolerance. mol / L. NaC 0428 ROG3L ROXL ROW
0.0 - 20 36 36 32
0.2 23 - 5.1 4.1
0.4 41 — 6.3 123
0.6 6.7 — 7.5 —_—
08 179 — l6.5 -

24 #ATH ARG b CRERE FOSTRBRGE . Bk 10 KRB TERAE
TR T, MRS, BREMZEOEE. UEHKREEEE, FRAEE
I, IR G G R
£3 HEE. BHEENRECFOERIR
Table 3 Nodulation experiments of donor,recipient and transformants

P . il 2R 4% AR IR ] % R
Host Strain Salk tolerance. Time of appearance Nodule Specific nitrogenase activity
mol/ L NaCl of nogules, r/d aumber  nmol C,H, * (mg nodules)™ - h™!
ELUAL ROt 0.8 - - _—
Sainfoin RO©2 0.8 - - _
ROWB 03 - — -
RO 0.8 — - -
ROtS 03 — - —
ROt 04 25~30 15 10.5
RO 0.4 30~37 12 6.5
RO 0.4 30~36 12 a1
RO 00 30~36 12 a1
ROt10 0.0 30~37 12 35
ROG31 0.0 30~37 1 1s
0428 08 - — —
AHEFE T — - —_ -
HE 0428 0.8 7~12 4 47.3
Alfaifa

T AR IR 3K SREME s k.

AR I, KB BENFL T RIERERE THAE. ® 0.8mol/ L NaCl fY
ROU~S BEHY AL REM EACNERBERBIFEERE THHRES. £F 04
mol /L NaCl # ROt6~ 8 S itkh, RERMEMSAARBEMRRE. 2+ RO6 £
—HRENER R AT, RERHERREERE S~7d, MEERMELELLS
WHRE T 2 4%, FMWLMAY 2 %L T ROW M RONO MAEKESZHELEBER
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5. NBIERBRT 4B ERRAT, BRELTEMEK, KRt X2 mE RN ET
.

4 NaClREXS 0428 FF{LTF ROt F RO6 IR N AR AR IR

Table 4 Effect of sodium chloride on the i free amino acid

of strain 042B and its transformants ROt1,ROt6

REMEKNE
o Amino acid concentration / nmol - (mg protein) ™'

Amino acid 0428 ROU ROt

03 0.3 03

00 mol / LNaCl o0 mol / LNaCl o0 mol / LNaCl

RN%8M  Asp - — — — 0.95 —_
HEM Thr 7.19 13.96 8.88 15.89 7.90 5.06
SEM Glu 26.06 2289 26.72 151.29 17.99 56.44
wEM Ser - — — -- 118 -
HER Gly 075 3.08 3.00 1.58 017 2.02
[t Ala 5.63 30.86 9.49 26.46 9.58 —
EBEM  Cys 1.06 119 115 1.80 1.32 21
W Val 4.02 759 384 9.70 337 525
RAERK  le 1.57 285 — 3.52 LIt 094
E 301 Leu 0.72 - — 1.05 — -
2.0 Tyr 133 144 287 1.92 161 1.88
HFNEM  Phe 1.52 091 363 1.03 249 313
RN Lys 1.99 1.40 — 321 — 2.85
R Arg — — -— 1.54 1.05 —_
WHEEMCER 51.84 2917 59.63 218.99 49.32 76.68
Total free amino acid
CERMHSEAREH 50.2 783 448 69.1 364 70.8

% as glutamate

2.5 mE A R AKA ¥4 042B. ROt #1 ROt6 KR H 0.3 mol / L NaCl #)
EAEHE T, BRANFREERARRE, LHESEREHVE (R4). 042BK
F NaCl B &4 T, HirmaEMaE S 2606 nmol / mg BH, SWHBAERE LY
50.2%; 7E 0.3mol /L NaCl &4 TF, WEARMAE LAY 2289 nmol /mg BH, &
HIRAY 78.3% . RO #EXK NaCl B, WEE#EEUKF Y 26.72nmol / mg EH, & G
#] 44.8%; 7E 0.3 mol/ L NaCl ¥k F# 1% 151.29 nmol / mg BH. i EHM 69.1%:
RO fEF NaCl B, WEAEMIKE S 1799 nmol / mg BH, &HBEH 364%; 0.
3mol / L NaCl ¥ F 0% 56.44 nmol / mg B, SR8 70.8% .
3 it

XHR I B SR A0 RE AL, (LAE R AR BIBR RT19 71 USDALLO FTi## © . %
TR WM S AT R R A BT AR 042B HB RL T ERMHA ROG3I,
BB . AR R MR T RO, HE A 0.4 mol / L NaCl & F 4
*, BERREEHEREAEE, DENERRE, R-RAGNANRNOIHREE &
ik — S EEH %R,

AL WP 37 B EES LT, Hh 29 sriEgest 0 UG, RNEERAW R NE



E 3L L%, QUTRAENRRNIVEEREE -5

B, i 78%. EXERMEGHRLIRT, GAH QRORELTERETEERER
ghit @, AR, EEREREXBIHATPRARE. RALRHHEERGERRE
AP FHREMRER SR, MERERABREY. ERBRENEN 8 HRELTH, &
fit 0.8 mol/ L NaCl #1 5 Br¥s b FR EZAMUR, RAIFLRUELHEK, WE 04
mol /L NaCl # 3 SR L TIIRESA B A, JFHMMEMFAFTER. TR, WibtRey
Bk, £FBORMMEILER RIS,

4L ROt 71 ROt6 7€ 0.3 mol / L NaCl £/ T, HAMABESERSBIRE
B, RTHMKREEHERAE Y. ERATRAE © MLARENRTERMREY.
P E AR MR L E B R8T B R E G R, RS R RREEN
BERATYR.

ALBRY, EXNEMRAECRET RO+ HHROHRT. RA DNA #4634
RMET A YRR IATRE, s, K& —mEEARN TS, Mmoo
TARMENWRESERTXE ©.

5 £ X W
TERE. 4T REUHEAE R LRIEH, 1985, (2): 45
Mejer D W. Yield, regrowth and persistence of sainfoin under l'enilizationA.Agron J,1975.67:43%

W -

Major D J. Estimating nodule activity of sainfoin.alfaifa and cicer milkvetch seedlings. Agron
1.1979,71,983 )

4 Yadav M K,Vyvas S R.Response of root—nodule rhizobia to saline, alkaline and acid
condition.Indian J Science,1971,41:875~881

«

Steinborn J,Roughly R J. Sodium chloride as a cause of low number of Rhizobium in legume
inoculants. J Appl Bact.1974,37.93~99

6 IR WK T AR RO R S B3R, 1989,29(2): 107~112

7 Balassa G.Genetic transformation of Rhizobium: A review of the work of R. Balassa. Bacteriol
Rev.1963,27:228~241

8 Zelazna—Kowalska et al. Conditions for genetical in Rhizobium meliloti. Acta
Microbiol Polon,1971,I(XX}1~2:21~28

9 Raina J L et al. Further studies on ion in Rhizobium. J Gen Microbiol,1971.65.161~
165

10 Vincent M ). L {4y /£ BB HT A RAFE BB AR TH. L8 AR B 1970,

1 SR RER AT RBEOR S NSAER TR L REER, 142):143~ 148

12 A% UAHEN SR — KRR A P IE N, 1979,2:60~ 62

13 Saito H et al. Preparation of transforming deoxyri ic acid by phenol . Biochim

Biophys Acta,1963.72:619~629

Yap S F, Lim S T. Response of Rhizobium sp. UMKL20 to sodium choride stress. Arch
Microbiol, 1983, 135:224~228

Hua § S et al. Accumulation of amino acid in Rhizobiwm sp. strain WR1001 in response to so-



6 - € X &R & XK ¥ ¥ # 1993 4

dium chloride salinity. Appl Environ Microbiol,1982,44:135~ 140

16 Botsford J L.O: in Rhizobium meliloti: inhibition of growth by salts. Arch
Microbiol,1984, 137; 124~127

The Improvement of Salt Tolerance and Symbiotic
Characteristics of Sainfoin Rhizobia

Zhu Xiaoyu Yang Susheng Li Jilun
(Colicge of Biology)

Abstract: Rhizobium strain ROG3!1 isolated from the root nodules of sainfoin (Onobrvchis
viciaefolia) in Gansu province is sensitive to 0.1 mol/ L NaCl and less efficient in nitrogen fixation.
Alfalfa rhizobium 042B can grow in YM liquid medium containing 0. 8 mol / L NaCl, and has high activi-
ty of symbiotic nitrogen fixation. Thirty seven transformants were obtained by transforming the DNA
from strain 042B into the cells of strain ROG31 and selected on YMA medium with 0. 2 mol / L NaClas

seleceive marker. However, only eight transformants maintai stably the i stics of salt

after 30 transfers of the cultures. Inoculation experiments showed that the sainfoin rhizbium strain named

RO16 fixed nitrogen more efficiently and tolerated 0.4 mol / L NaCl. I Iluar free

rapidly in strain 042B and transformunt ROt1 as well as ROt6 grown on medium containing 0.3 mol / L
NaCl.

Key words: DNA transformation; salt tolerance; sainfoin rhizobia



