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A bstract

In an attempt to review the informations about genes involved in symbiotic
nitrogen fixation, developmental processes in which host plant interact with microbe
Juring nodule formation were introduced first. The structure, function and
regulation of the genes discussed were mainly about microbial genes; those
involved in the process of nodule formation (nod-genes) and of nitrogen fixation
(nif-genes). Informations about the host genes involved in the symbiosis were
discussed briefly.
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Fig. 1. The principal reactions of the nitrogen cycle.
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Fig. 2. Various associations between plants and diazotrophs leading to the
symbiotic fixation of atmospheric nitrogen,
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AAE aB()Fe2A AF7AE % Rhizobium oleH= & oz EFdsiert
Y&, EPaoAe B2 g dd dE [AZY F9 Aelz Wy
4= FHE R frediz FRedz =4 A4S e FRE
Bradyrhizobiume)gte M2E o2 BFan 3loh(Prakash and Atherly, 1986).
HlE 3 BSE4E THRAY £FAEL YT, Ry 9 27U 9
$B 2000 Fol Teht ft FRAZN FHFL 2F(+H)H ol

$= Frankia2 eRcH(Torrey, 1978). Framkia= ssA Exee 45}

J

AAx: nARLEZ da)7 vesicle, T4} 8 EAF oz 7= o] Q.ow(Pommer, 1959)
o[Eol W dfE Eeld wHE SR 2AFL Ad=o] gor} 19784
ZFEg ATE ¥ FEE 4% AF7 AP : 3o

ol4¢] % FATVAE nimARLH AN HA:FF WAL & 700 Kghaz
g fFAsARE @ BElFe Fx3AY FHL BFTAFEAES] FeFe] 20
pmolhrg FHAE S Helf (12 pmolhnRre}r gt} (Torrey, 1978, Table 1).

Table 1. Comparison of rates of nitrogen fixation by rhizobial-induced
nodulation and actinomycete-induced nodulation

Acetylene-
reduction
{1« mol/hr/g
fr. wt. Total N fixod
Plant of nodule) Plant kgp/hanfyr
ACTINOMYCETE-INDUCED ACTINOMYCETE-INDUCED"
Comptonia peregrina seedlingst 9.6-22.2 Alnus crispa Irees 40-362
Elaeagnus angustifolia in H,0
cultured 14.8 Alnus rubra trees 140-300
Alnus rubrat 6.9 Hippophad rhamnoides trees 15179
Alnus giutinosa seedlings§ 9-92.0 Casvarina equisetifolia 58-200
RRIZOBIAL-INDUCEDZ: RHIZOBIAL INDUCED!
Glycine max 7.3 Glycine max 103 {av.)
Medicago sativa 15.1 Maedicago sp, 54-463
Prsum sativum 117.4  Pisum salivum 52-77

Trifolium subterraneum 2.1 Viciafaba 45-552
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Fig. 3. Development of an indeterminate-type nodule, Steps in the
development of nodule showing the phenotype exhibited by bacterial mutants
defective in particular stages of the symbiosis.
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Fig. 4. Nodulation genes of R. leguminosarum symbiotic plasmid pRLIJL
The extent of the nod gene protein coding regions within the 10-kb
nodulation regions is indicated by arrows and representative Tn3 mutations

are shown by triangles.
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LolatAst= Aoz 48)A g} (Rolfe and Shine, 1984).
FaFe] Hahyig Aol HAL Folvh HARS FA Loyl ¥ YRS
£84 AYe AL cellulaser} pectinasest 2 MEZ EHiL 7F THEoN

=

gad ARG, L9 Agdel ATHW SFAEY o7l dAsHA
colluloser} hemicellulosest & MET ER& Bulshed Solok F& S84
¥]o] (encapsulation) <¢AH(infection thread)7} &4} (Dazzo and Garaiol,
1984). 24 WolH TAFE Aol Euld matrixel AAME FAS A&HEA

AUt Agste] FAZMEIE AE AYdA "o AL AFAEA LT

M

AZstE A prenodules WA FTAFES YA EREezye  unwalled
dropletgd Aoz wrEx]Wa]  peribacterial membrane o] {HyFtoez
SedolA Hoh. AEdol WEse] SFHEL HYPez FHAY TSI
el ey HsE AXAA bacteroidd el 2 E83kA e} (Verma and Nadler,

1984).
. mal% gy B 547 (Nod-genes)

o)l AwE =z JdAnAd HAYFAS wFE FAFYYA B
T Y7 $AAE Nod-gHAGT REw, o]§L2 R. leguminosariumolt R.
ivifoliie] A9 10 - 14KbR g0 LA o1t R. melliloti®) 78 % 12Kb 27
= g WA 921 RE A$ sym-plasmide] &Asim o} (Kondorosi er al,

1984).



Nod-$AA= AF7HA ARE k2] 1077 484 Qed o Foli Nod-
A,B,CE #alde) niaid Helsts FHAASEZA 2 TAFS A4S fdA9
23HdAE 715S FE= o2 ¥o} conserved nod gene olEx BEX P}
(Shearman et al., 1986; Fig. 4). Nod C& &4 C-29d-2 2= g A2 479
23 Aol fler Nod J 92 &4 dzz F4F9) FdAZ 3550
Nod I active-transportol] #ejzti Aoz <42}z ATP-binding w824 Nod
CL] 2%t T3S A FA== DFeld. ¥H Nod F.E,GH: »%
%F50]4dd BARE $AAZ 49A QAed Nod Fe acyl-carrierg] 22 4
44  lipopolysaccharider}  exopolysaccharides] AT Bofate
S Ao} (Downie and Johnston, 1986).

olE9 W@7|HL o] e promotor H-$i9} lactose L2¥ES] lac Z {§ARAE
S FAAA  f-galactosidases] WL ZAFozd JF=HJUEd Nod-GH" o
TR A $Eoly 249™ Nod D 2224 480 T4 4€g 3 Aoz
2Rt F Nod D& ¥4 #8siAT elgo] & Nod-§H#e & @
%717 HAE AETeaE dex geg Id(Downie and John- ston, 1986).

Nod D AHg3 4&8&0 ¢4 Nod A,B,C #tejrizt Nod F,EE 4ol
%7 =2z Nod DE Z4o= Nod Ast Nod Fe AA4A4 299 7] Ade
2A4¢ A%, Nod A ¢ %’i*}#:ﬂi%‘-ﬁi % 250bp 459 Nod Fo] HARAZE Hel
%k 180bp Afoll iG-S 22 eom Z HEFH Nod boxelx Bz & 30bp J= 2
sedeo) Z) o) yhe B} (Shearman et al., 1986; Fig. 5). Nod box#]d]E Nod A
JEo= A2, A3e YATFZ ATrch Agde] £33, Nod F 5ol 483t
9o F281 AT-rich Ade] QA=m F3s Fael diyrdo] EAfst -&o
a3 Ao}

o)#@% AF= Nod boxst ZR7|Zell #Aedstes ¥AZ FHHERE Nod D7}
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Fig. 5. DNA secondary structure regions. The upper line represents the
DNA sequence preceding nodA and the lower line the sequence preceding
podF, and the diagrams are aligned at the highly conserved rtegions (heavy
line). The regions of dyad symmetry are indicated by convergent arrows
and numbered Al-A3 and F1-F4. The AT-rich regions are indicated by
broken lines.

Nod-§AAE5e activator2 FgaE 713 #3171 $istd Nod Ds
A71NLZ B oprxAbe] QS FA8 3 0|5 DNA-binding sl <l ara C9
obrl:At A3} Hlﬂ*}ﬂ'ﬂ-- a2 A# Nod DE ara C¢ L& orleiEE
AT RE EolF o€ DNA-binding @¥dex] FFHeR LA=E
obum=Ar2 T geojx Nod D7} Nod boxe] Agsle duAdS ¢ + Avt
(Shearman ez al., 1986). Wt o = activator} repressorst -2 =3 o
DNAo} A% sl shiae] %9 82df-helix7t DNA vha9] & turnof] g
MA woldd WE¥d. et Nod Dol A%E F§ olvledto] helix 2
Bolojul Zxjst 3 helix gto] Nod boxet A¢# Aeldhes %55 ¥+ Utk
Nod D7} activatorz =-837] $sjxE= AE847 Hadol o5 flavone,
flavanone® Z+&  1570¢] g4k $s09  2gE o]F flavonoidelr}
(Redmomd et al., 1986; Fig. 6). ©]52 10 nM - 100 oM<} o}F W gollA
Nod-&##¢] inducerg #gat: o #2£% B-m2]o) OHYIZb &4 o4 Rojokdt
g4e 2. By C A2 7 Folut sdVI2 uix=d Z4o] lojA= 53
2 3} A1 2 oj) Bko] Zals}e] allelo chemical® 283+ isoflavonoide] 39+ C3e B-
zEst ARz Yoid Nod-$Aze <AAZ ZAgdch wets  Ad4e o
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Aol Be flavonoid $EE F YRE FUAZE FLon] B YRE A=
g,

Y dTIRE MeZYAe 27N Lold: £F4EH TAFS
45488 Ae W, 4Ee 2ol flavonoidst EriHW FHZS Nod-
$AASo]l dHsiUA FAFS %ol Hed 4AH W8 Qojyzm 2 A
gFe = xage BAS Wasel wIws BA FL migy, 2o

ok

5 Bz ¥4 9 449 845 f5=87 i (Downie and Johnston, 1986;
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Nitrogenase &&= Component I8} Component2 -'11"3%‘_ HHguR gL oo
Fe-Mo wulA ¥.& nitrogenase #3x 2= Comp. 2 A2 o Egfe=rt
SN mein olReln AUMeld UAREE ATAAA AENA Aol
2ZA%L Agstne 9 H' & M4 dnyolz mHHE JEL ddun Ur
Fe-giul A %2 pitrogenase reductasegli? 223+ Comp. II= 43 Fofe=r}
B med olFelzl ofgMel™ Mg-ATP Hgel 84 LAH=el g
sitrogenases] Fe**2 olSalFE oge wuee] Ba) Adsol oE Aeael We

Eol t, & 1 _°_]_‘—H_7} ¥} (Sprent, 1979; Fig. 8). Comp. I3} Comp. II=

2NH,
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Fig. 8. Two parts of the nitrogenase enzyme complex are necessary in
order to reduce atmospheric nitrogen into ammonia.
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6. a1 F4A B §HA (Nif-genes)

Nib-§dA4e FE 9 wds ZEALES SYYRE St Klebsiella
preumoniaoiAl 73 F AR Qed o AL 174 $UAN LFAY LNEL
o) 51 91 vh(Roberts and Brill, 1981; Fig. 9). |

Nif H¥ nitrogenase reductasee] = $H Aol A3 =7 A= nif MS
4A%7 Ee#w, oif KD& nitogenases] FAs FeWHEZ Axse
sARolm BAHH] FHAE FeMo cofactor® AAISH nif QBsh ¥ nif
N,E$AA7 Bash, nif FJ= Aztol5o] Hofahed, nif S,Ax A4 nif-2 52 |
Z 4o Hod e,

Nif-§7%e) @749 DNA-DNA £43 Afes ZAw A% nif-§a7
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Fig. 9. Nif-genes and their functions in Klebsiella pneumonia.  Arrows
represent operons based on complementation analysis with polar mutations.



FolM BiEnAzLAs] FE{ARZY nf KDH FEgke] 2 Rusgld
(Ruvkan and Ausubel, 1980)-. Y a8 FEE ALnAHo) bty o kst
% Klebsiellav} R. mifolii ) R. leguminosariumel A& o]%e] d%4e 2 ungsm
Qo) AL} =@ R. japonicumelr} Parasponia rhizobium?l 73$-= nif Hr}
nif D,K9} <f 21Kb Holx A EAF} (Weiman er al., 1984). ©lL7] BE2H9
Anabaena RS- HAAiIARL A 4 fé%ﬁ{l?&ﬂ]k]—‘é nif K7f nif D,Hs;} 11Kb
oA AR ALTFE e heterooysel e 11Kb RSl d44
dg 7R A so] MERE ] W DNA L3204 sl;licingOI gojdS & & i}
(Golden ez al., 1985).

Nif K,D,Hs} 97148 Z4% 4% AAHA AT BFL HolE ol
age ArnRFo] U= Aol WM} (Scott er al., 1983; Fig. 10). F W74
Clostridiume o2 RxnQ#3} o 70 .80% BAsien wZ 43 = R.

AnAvKp. PR RiL.RmCp.
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Fig. 10. Divergence of Fe-protein sequences. An, Anabaena 7120; Av,

Azotobacter vinelandii; Kp, Klebsiella pneumonia; PR, Parasponia
Rhizobium sp ANU289; Rt, Rhizobium trifolii; Rm, Rhizebium meliloti; Cp,
Clostridium pasteurianum.
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rifoliit  R. melliloi= @ %2 o 20% EAYAR SHYRE <
Klebsiella®} Azotobacter® & 150 2 % 24% R A8} Parasponia rhizobium %
a%3 o 50% EA=UG. olB¥ AFE Rhizobumo) HelE ¥ aFel
Zapae Ak Eoboll TARA A QoS FH Loy HedE AL 'ﬁ":‘:_ﬂ‘
Nif-$ #Axte] x= el A Rhizobiume} 739E & Fo2 o]5¥ + 3
plasmidel] Zz0sH=d] o] ol nif- A ool = FejRe] my-2idelrt # ) &5 4ol
golats GAAT} HxeT Yol o]5& sym(biosis)-plasmid 2 FEr}. it
AA3) Aet= Rhizobiumo} e A plasmidsl Qe FFHE nif-FHA7
A7) DNAo] Zx)%c} (Masterson et al., 1982). Sym-plasmidel] &= nif-§ 7 =}2+

nod-§7% Sl bacteriocin 44, HxA4, o154 U EAWA Hojshe

Table 2. Biological functions located B, trifghi (a)
on syrq__plasmlds in Rhizobium strains e Ha¢ Hae
- + SH-E-—0—
. o . fin”
Medium bacteriocin production R_metioli (b-s)
(Mbp ') T aTHDK o L Nod”
Repression of small bacteriocin pro- ) o B
duction (Rsp™*) production (Rsp*) R_loquminosaram (1)
Naodulation ability N Nod-
Root adhesion (Roa ') y RifHD(K)y y o LITTY
(nf A)
Hair curling (Hac?') Broad host ranga NGR 234{g)
it H{x2)DK?) o
7/ B
Host range specificity
X ) . ~5kb
Nodule function (Fix™*) I
Nitl'OgCl‘lilb’C enzyme Complex @ - Repeated sequence specific to Sym plasmid
. . i . B2 - s Invel initi ,
nif 11 (Fe-protein) A i T T R Lo S PRy 0 B

' ™S5 mutagenesis.

. . - - Location ©f Tn5 ipsertions which give use to a fix" phenotype
] h/’ )
”(/ D (-SleUnl[ of 0, Fe- hsp - mutation which results in wider host range

pro tein) ginG - mite of hybridisation to E. celi glnG
Hydrogenase (Hub ) production ¢ - Directien of transcription

Genes influencing cell surface poly- () - prectse map posgtion stidt to be sotablished
saccharide synthesis

Pigment production (Pig*)

Transler functions (Tra ') Fig. 11. Molecular anatomy of the Nif-Nod
Incompatibility ‘ region on sym plasmids of the fast-growing
Chromosome mobilization ability rhizobia.
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FrAAEe] Esle] 53] hydrogenase(hup- = AE)E 712 Eo]ado] %

nitrogenaseo]] )3l YAH 445 g e” F H' o2 Ba) A e 3 ATPe

P

2E ol 98-S 32 Y} (Rolfe and Shine, 1984; Table 2 ).
Sym-plasmidel] nif-§ 22t} nod-§ =7} 84 A8 W= 412 <k 20Kb - 30Kb
gelx dem] FhoA Yolrhs Eddol: RAnPSHo F HHE dorA
%27} (Rolfe and Shine, 1984; Fig. 11). R. #rifoliie] 7= urE o] sym-
plasmidel] #2187 AdgPHes Fx 285 FAU= o WFo] o]Ee]
MEzGe HdHer e AMHY FRE transposond} FARSE ¢ 4
dk. ¥} GIn(G)sk e $ARI R, mellitotis] AS- sym-plasmidey]
EAHEH o] FAAEL nif-fUR) ZH o] Hed i}, |

RAanAFol a4 $ryotz 1AM AxE peribacterial membraned
sHote] SFAES] MERZ WEso] £F4 82 glutamine synthetaseo] 9} &4
glutamineo]u}  asparagine®} 72 amideu}, allantonino]u} allantoic acid$} 7+&
ureid2  F3sjo] AEM} FTHFol olgshA Hck(Miflin and Cullimore, 1984).
oy 2ElE fe FauwPe™2 Ot molybdenume] ¥E ooz myd AL
SEEY FRel wetd WA ofehs] nif-FHAL] VL nif LA 2aA
Ao 2 2Hs)E FAN HelF e AL HYE o] X AN 2HEHD.

E. colivt Salmonella®} 742 MiFolA gutdoez ZAAE3 Fodl $ARE,
% glutamine synthetase §-A 2} (gln A) } histidine, arginine 9 prolineg o]-&3=

FAAEL FWHoZ otr A(gln F)g} ntr Clgin Gl &) A o)

e

AH A Miflin - and Cullimore, 1984; Fig. 12-a). HA&zmAHEdo]
Klebsiella®) ALZ olF FAAES Z27|F}E F&3FFHo] gl E. coliv}
Salmonellas}t §AF8tn], nif-§AzF oA ntr-systemo]] 2j#f|l4] ZE=xx g (Miflin

and Cullimore,1984;Fig. 12-b). & AA3}3Eo] HdH Aol 4= ntr Av} ntr Cr}
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Fig. 12. Regulation of nitrogen metabolism in bacteria. (a). A model for
the nitrogen. regulatory control system in E. coli and 5. typhimurium. The
genes are given both their alternative (nfr) and their original nomenclature
(gin). P indicates promoter regions. (b). Regulatory control for the
expression of nif genes in K. pneumoniac.
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Fig. 13. Nucleotide sequence of the promoter region of the R. japonicum
(R)) nifDK operon (top line). The depicted sequence corresponds to the
region from positions -89 to -38. The transcription start point as
determined by nuclease $1 mapping 1is indicated by an arrow. The dashed
lines enclose the consensus nif promoter sequence as proposed by Beynon et
al. (1983). The other boxes enclose directly homologous nucleotides
between the R. japonicum nifDk and nifH promoters.
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HOST GENES INVOLVED IN SYMBIOTIC NITROGEN FIXATION‘I
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Fig. 14. Various host genes which appear to be involved in symbiotic
Ng-fixation,
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