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S5EEXTREERENERERAT XN ERTRT
R%H THx KER ITF ARk

(HRMERARRERFAR, ADD

M Tos # A REAY T-1(His" Hup Fix™) e %4k, MBA KTIRMAE USDA 110 L
BIER R Hist &F 10 L2058, ENBARBEREHT Hup® 5 Fix* Ihge,
E ey DNA sifasgipe s 2k B £ A MEIHAE— A0 TRANEFE pLAFRI:his Fib, H
hs (A THEARKEER A £ coli HB10Y i, EAIRRRE KEHHE R T
BHER % fouthern ¥ 5,40 51 A hup BEEHHN oif B TT DNA Re3550i7, BHH EC,
B R R AR 15 hup T nif FE AT, BC, EMWBTARES bup BRI RE, HES B RERR
Hup Fix~ IfEE FAOGkPS, B HER DNA FF| b3 T4 oif 5 bup BFRIH REEARS .

WA R A R IR

Friedman E£M A Cosmid pLAFRI
BRHHEARGHEBEER BB Rhizo-
bium meliloti BFREE, HAELIR
BTHRERRBED oif KDH £REA R
nod HETIER, ORI TENREN
SE G HENREIIEREENER B,

ORAEFFX-—REER T HHEHR
I R. leguminosarum Sym Jh b5
B (nod) SEH (fix) RENKE S
:U_‘[‘[zlo

Evans LR, RIAXMAGEHRE
KGR MG Bredyrhizobium japo-
nicum FFFE, MNPRPE T ILAEAMELE
¥ PJ17 Hup™ ERE9EEF B, HomZ&W
BRI AR —FENTIERR, 3BT —KR
5XRGRME Hup M Fix HEHA XM
DNA,

BiE Kennedy S B THEAREE
B Azotobacier vinelandii By pLAFRI
BEAE, IHREE oif ZRTES
Bo

RIVGAHERET TS BABEE &
FEHEEH, ST 4¥ His Hup Fix~

B 55 Beia 5 Jt A R MRARSE HERY 2 KR,
AHEMNPMBMER bup B fix Gl TH
Mo

A PEA His"Hup Fix™ E#HT-1
YEXNdu & R =4k, MMUSDA 110/pLAFRL
B R BRI RE AME BRI X B A ke
R R,

I

() EWfmN

g,

(=) IBR&RGE

L. EEKBRER LB ERE; &
FBERTREED YMBERE, ZRGENA
MBS IR AR A TR SR A TY IS 3% 56 RO
BMPRFRMER PARSKE, BHFERNL X
B RS A A T RS in vitro ILE(ERIRY
SM R L6 1a

.pEER: BEGEE Co) mETLE
F (Km), HEEPIIFE (Tc), @EABE (Ar) 13
HERFEGH R, BREN Sigma R, S
HEZFRBEARERNERERMBIERE T,

AT 1987 F 11 A 1T HiEF,
* AW IERESRFEANEES R,
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Table 1 Bacterial strains and plssmid
" RERNE o i * B
Strain or plagmid Characteristics Source

Bredyrhizebism japonicum
USDA 110
UsD A 110 GL.

wild type Nod*+ Nift Hupt
## pLAFRI REEE:
USDA 110 genomic library

From J. §, Hu

with pLLAFRI Evanst¥#)
T-1 KBSE His~Hup-Fix~ [6a]
Derivative of 110 inseried by Tas
C, T-1 (pLAFRI::C,) KESETFHisTHup*Fix> This study
C, T-1 (pLAFRIL::C,) KEBSATEHis*Hup*Fix? This study
C, T-1 (pLAFRI::C,) KESETE¥His*HuptFix* This study
C, T-1 (pLAFRI::C)) KEBSRTFHis*Hup*Fix+ This s:udy
C, T-1 (pLAFRL:Cy) KESETFHistHuptFix* This study
E. col: HB10! ara gal lac leu pro xyl
SupE SF recA hedR hsdM (81
EC,HB 101 {pLAFRI::his) SRTR This study
EC,HB 10l (pLAFRI::his) SETE This study
EC.HS8 101 (pLAFRI::his) SETR This study
EC,HB 101 (pLAFRI:his bup nif) SETE® This study
EC,HB 101 (pLAFRI::his) SRTE This study

Plasmid Tfmeb* tralac, PL
pLAFRI Helper plasmid for From Q. 5. Mat®
pRK2013 mohiilization ot
{pLAFRI:C) KB trat [8]
pHV1i6 AF bup gene probe From Dr.
pSA30 T? nif KDH probe Ausubel, F, M,
3. MR, E ook [ 36—370C, ik REERY C R PR,

TIRMET 28C B,

(=) pLAFR! RNTBFH %

LHIA pRK2013 (0¥ BhiEfT =R RMBHEH R
LEIERLL pLAFRI 84k USDA 110 EEHX
gech a2 Hism SEEERFBAMBERITS
FE TAEHETYEFR LR IR, b ok
pRK2013 7¢ LB iR s tbid g, BE AW
E. coli BL{ETE LB g5 thisg 2—2.5h, R
il s BEFZ w4 4%, AR EREREL, B
TY IR 2 K. H 8 ml K Bel s LY i,
Lo, tml/ M#%A ¥YM (Sm 200pg/ml, Tc 120ug/
o)) BT, HhEH T-1 (pLAFRD) T g4
AT . REHEENBAS Sm 200ug/ml, Tc 120pg/
ol FMEFEFR L, EIRERENE His GUE

2. pLAFRL:his R MBS KT IRERH ©
RIERPEES E b HE 101 =5 & H
R KGR EEEREIFE 20ml TY I,
150r/min #3552 X,H 1.5m1 [pFlo. Sml W5
KEAMD E. ol (PRK2013) jBE,#LE %2 R,
BA 3ol S ERPMN E. coli HE 101, BE
B, SRBMEE,E TY PiREF2 X, BH
KEER, HEKBRTES Tc 20pg/ml LB Fif
X, 37 BEAERBEST, HEHECRT,

(W) AEHRME in vitro [PFRIEMENF

EX oG, REENE =M. G1tES
[ k=

(R) ST REFAMOE OB ST &4 8
Nz
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KREMMANAR(BE 2 5), BEHEE
KR T EME S0 REERBIFRERE
ThEE R B RE (T HOR FE R AlE .

(GR) AERBERAHSE

B Hirseh®9 g5 kAT, EfFNTE
2. HA soml PAREFRIE, $RAGR0 DNA MG
A 1/50( V: V)i Smol/L NaCl,4AJS FIS -2
F (1 LA ER-— R, BV ET AT 0.7 % BRAR BE R &
P, B o

() KpFERNOSHE

B 7 180 AT

() ¢t DNA Y&

£75 Holmes' g477 kT,

(Fi) DNA-DNA 43 F#3r

R 7 I9TT BT o

& R
(=) #eH 4 His~ sy Cosmid 3

7 3:pbod:-S

W = RARRT S EES T-1 2 B
(77 pLAFRI HEMNEET), KRB
4 0.5 X 107 ~—107", 48 5 Fl AR B F
His* B¥%, 4B TS f s
KL WELE, BT MEESRERGH Sm A
200pg/ml FAN LT LIER E. coli
A, TMEEFRER Te 2 120ug/ml A
AT HERRSZ A T-1 9T, B
His* T* AN ZRE RN R ERENILELE
107°—107"/4i}d, RIGFEHF SIKE
Hist {945 & F 10 ¥k, BIT-1(pLAFRI::his)
#3524 C GG Gy Csn G Gy G G
CiOD V

(=) CRAM T-1 £8FREEH

Frilll 10 #k C RIS & TERFRE
THEHREEE, AREEESHER
Mk USDA 110 —HER, KEA B Sk
HIEE, R H, EE WA H, MIEAS
AT AR SR A AR T-1 Hup™ BUBEHE
34 H B REE 160—180mm G E,

(=) CE%] T-1(pLAFRI::his) %
EFHEREE

FRKEEMEETE C R 10 ME4&
FHLEERFTIRY, BBEE&TEK
TR R D, FRBEERSE S
FHof, iSO RRERE, ERH 52
RERERN, SHREIH, C EHEME %
AN, FEREEEREK. 4009 MERGH
(THBE ) 534k USDA 110 73T, &
ﬁ? Fix* E(J%ﬁ%o‘ o L
(m) CE3F T-1RERBFEND
EEEA :

ARG =R TARBEREERESEN
FHEP REE KGR # USDA 110,
T-1 A RE, BCRIINEESTEHE
HAH—A K, B4 F#IL pLAFRL K(E

Do

B1 CRAEMAFREE
Fig. ! The recombinant plasmid profiles
of C system strains

1. Cii 2. Cy; 3. C3 4. €3 5. C, XMBAEAT B8

B EMAFK N The recombinant plasmids of

pLAFRIt:his in Bradyrhizobium japonicum; 6.3
thififL Vector plasmid pLAFRI

(£) BEXxEREEn C R T-1
RERBEER E. cofi HB 101

¥ CRIINEE A TH C.Ci G, GG
FLBRE 4 BN AL At 481 pRK 2013
B, AERARTEREERERAE
%] E. coli HB 101 H1, BIhMI%HRE
K EmnE, InC R EHS pRK2013 &
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(21.6kb)
PLAFRI

Chr

B2 ECARFIEARLER

Fig. 2 The recombination plasmid

profiles of EC strains

1.8k 55K pLAFRI; 2. EC,; 3. EC,; 4 EGg

5. BCy; 6. FC,, KBt pLAFRI:his TiE

R the recombinant plasmid of pLAFRI:
kis iz E. coli

ik 2 K, ARG 8 . B2 AR AR
EEBHMELN 1 X 107 ZEMEHR
BHREIGRS , E. coli HB 101 (4 AT
55854 EC,. EG.EC,. EC, 1 ECy,
Zu& ik (pLAFRI:his hup fix) A
E. coli W, AN BB g
R DNA BB TR @,
(R) ECE5| @4 D (pLAFRI::his
hup fix) FEIHF 7L ER
AteiEiEae E. coli, EC,. EC..,
EC.. EC,. fIEC, N2 pLAFRI JEkr, 534
REBEEE e, ki W, EC HEWREA — 5 5>
F &Lt pLAFRI KWK, KATifEZ
B85 F B A —5(E 2),
() hup. nif Fetzr
ERRANMNBEEEERD RS
Southern IR EN## 2 J5 , 4 BIE 2P #7iEWY
hup #5E nif KDH #F4F3{7 DNA-

DNA 5 FRZME, RNERBUER
SR 3, B4, HEHRBRRRE F

RERIIT & 2, RIBFAMLET JE, EC,

A3 hup B SEARNMERIEBEE
Fig. 3 Hybridization with hup probe
1. The vector piasmid plLAFRI; 2. EC,-
negative; 3. EC,-negative; 4. EC;-positi-
ve; 5. EC,-positive, 6. EC,~negative

2

o

B¢ nif S SERARRALHRNEBER

Fig. 4 Hybridization with ni! probe
1. The vector plasmid pLAFRI; 2. EC,-
negative; 3. EC,-negative; 4. EC,-nega-
tive, 5. EC,-positive; 6. EC,-negative

BT & H02¢ A B e 5 nif KDH & hup
BWirE R R, B0 EC/ #W & & B{A
(pLAFRI::his hup fix), i EC, BT
RO RLBR T 2 His* 4h, &5 hup &K
BSHRER, HF[RIR % (pLAFRI:hic
hup) H'EH EC,, ECs fl EC, # i H H I
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HmoxE B o= M

29 8

¥? EHEFEHNS5 bup, nif FHAXER
Table 2 Transconjugants plasmid detected by DNA hybridization with bup or nif probe

| Hyb ]?db'u ot h
iz} ybridization wit
Egtraiz* P?enm;%e R'-‘;?ar:;ll;iix‘llam -
hup nif
EC, His* Hup* Fix* + - _
EcC, His* Hup* Fixt + - -
EC, His® Hup* Fix* + + _
EC, His Hup Fix + + +
EG, His* Hup* Fix* + - -
USDA His Hup Fix -
T-1 His- Hup~ Fix~ -

5 hup 5% nif KDH ¥R4HHFA# K BRI
%, {AHhe: FIEHE Hup'. Fix* &%
R, WERNEH, EFXRKEBERNKTHRE
B USDA 110t his, hup 1 fix R
Be ¥4 TnS FHA R E#FRY his 4708, his
B &4t » SR, hup R nif Bz St
T-1 BRMERERY kis |7, CRVIE
BRENEC 3 Hist. Hup* 5 Nif*y #,
USDA 110 Ethfy pLAFRI Fr i Uk A
RAMEREN,%T his RS EMBEE
#n hup, fix A—E#p: pLAFRI Frif
#o, FEM,% his TG ek LM hup
5 nif EZKE, {8 EC. EG Hl EG
HARHE hup R nif, T HE EC, WA
pLAFRI::his hup nif, i EC, # & pLAFRI::
his hup, B, =4 T RBSREA—]
IR,
W W

BERRAEKBBHOAEREESER
Rt E. coli REMBRZAINZRAR
REAXEZN, FAENGERREN
FEFRENLEGHHN, LHEWERE
RKE#HBED pLAFRI: this A& AN
585 E. coli HB 101 th, &R MEE

5 E. coli BB S 4:1, 8HE.
coli K5 1BRY TY K ER 28Cc#ik

Rest HE R iRt E] 2 480, Mm T o @&
RFEHo

TR B ERE RIS ERE
RO FEBEREM B EYTRPRIA
TIREZGRE, Hrh his 5 oif HES
B & RAANTARKE, UGS MR BB
B L& EERFT hup-fix®, his-nod"d &
EE—eRAEE, RONTVSGIERT
Tn5 fEABERKK His™ TRREINE R EIR
& (Hup) 5EA (Fix) HEERIERR, —
BAHTF Tos YEBHARME Hist &, &
BRtRR 2% Hup* Fix*, BEETIF A
pLAFRI:his FIBAFRKNBIIZEKRRN, &F
#3% His™ Hup™ Fix™ BB IE . XH KIL
AR MET his hup nif & fix ZFEEE
EHtARSERNERLE EE I X
o

£ ¥ X &
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BRADYRHI-

ZOBIUNM JAPONICUM HUP AND FIX FUNCTION

Zhou Luming

Wang Zifang

Ning Linfu

Chen Luojing
Cen Yinghua

(Wuhan lustitute of Virology Academio Sinica, Wuhan)

Ten pL. AFR! cosmid clones carrying
the His Hup Fix region of the Bradyrhizo-
chromosome were isolated
from a gene library of B. japonicum USDA
110 by complementation of a His™ Hup~ Fix~
mutant of B. Japonicum USDAILILC.
these recombinant plasmids were transferred
into E. coli HB101 for further study.
hwp and nif probes, a plasmid containing a
DNA region hybridyzing with hup and nif
probes, another plasmid containing a DNA

bium japonicum

Five of

Using

region hybridized omly with hup probe were

detected. 'Though the others did not hybridi-
ze with hup or nif probe, they did restore the
Hup* Fix* function in His~ Hup~ Fix™ mu-
ant.

The results indicate that we have cloned
at least three kinds of gene fragments coding
for Hup and Fix activity.
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