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A. Introduction

The objective of thie project 1¢ to characterize the
symbiotic asccciation Gbetween the tropical lequme Asschynomene
and an unusual endophvte which we now Know to be capable of
photoceynthetic electron transport, Earlier experiments have
demonstrated that wunder appropriate conditions the bacterium,
which 1¢ able to form nitrogen-fixing nodules on the stems and
rocts of @&.  ipdica, forme bacterlochliorophyl]l and {functional
photosvnthetic reaction centerc, Prelimlnar» experimente
indicate that the bactercide 1n stem nodules formed by the
bacteraium are <capable of li1ght-driven acetwlene reduction.
fAcetvliene reductiocn 1¢ concidered to be an 1ndicator of
nitrogenace activaty, Most of the experimente performed thue far
urider thie qgrant have emploved a YRhizpobium! iscltated ftrom an Aa
lodica stem rnodule at Ithaca, MWew York by A.R.J. Eaglesham of the
Boyce Thompeon Inctitute at Cornsll Univercity and nameg BTAI L,

During the past four monthe Dr,  Sambandam Shanmugasundaram
and Dr., Suauna Shanmugasundaram of Madurai Kamaraj University,
Madurai, India have worked on the project as ceoncsultants., Dr,
Sambandam Shanmugasundaram had been included ac a Principal
Investiqator of thic project when the proposal was originally
sybmitted Afrom the Charles F, Kkettering Research Laboratory.
Their principa! coboectives have been to prepare a gene library
fraom  totzl ETARi! DNA,  to identify photocwntihesis and nodulation
genec  1n the BTAR11 DA and eventuszliv toc 1sclate, clone and
sequence ceveral of the genec,

Tne ratrcnalec for the:r e-perimente were the foliowing, i
hea criginaily believed the unuzual endophwte to be a purple
photosynthetic bacterium which had somehow acquired the ability
to nodulate Beschunomene. We hoped to compare nodulation genes
of the wunusual endophvte with thoce from “normal” A. indica
rhizobaum  to determine whether the unusual endophwte might have
acquired the genec from the rormal  endophvte, perhaps on  a
pilasmic, E. coiy clones contsining nod genee  from  Rbizobium

elilcty were obtainez +rom Sharon bLong of Stanford Unr.ersity,
to cerve ac  hyvhricizetion probec, We now  believe that the

prictosvntnet:c endophvwte 1¢ the rnormel &.  1ndica Ehizobium  and
that 1t hae retzined the photoswntnetic capability of the purple
Cacteria which we-e its presymec ancectors, probably because the
ability tc wse cuniictt ac an energy source provides a selective
s0vantage for & rhizobium which  cccuples  Tight-expoesd cstem
nodilec, Ieciation of the nodulation genes 15 neverthelecs
potentialiy lP‘C-tan There are cald to be nearly two hundred

cpecies cof ge wnpomELe, warving widely 1n their habitate,
character:stxcs and agronomic value, Thus far photosvnthetic
endophvtes  have been fourd oniy in asscciation with AL indiga.
Transfer of hoet cpecificity genes might allow other, more useful
cpecies of geschyoomene to form zceccciations with photosynthetic
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rhizobia.

BTAil was isolated a number of years ago, but its ability to
form the pheotosynthetic apparatus was discovered only recently
when 1t was fortuitously grown under conditions which allowed
expression of the photosynthesis genes. 1 suspect that there are
other bacteria which form symbiotic associations with plants and
hzve undiscovered photosynthetic potential, Rather than perform
laborious warilations of agrowth conditions in order to induce the
formation of ohoteosynthetic proteine in candidate bacteria, we
plan to cearch for photosvynthecis genes by Southern bletting and
hybridization with the highly-conserved bacterial photosynthetic
reaction center protein genes, Plasmids containing genes for the
L and M subunite of the Rhodohacter sphaecoides reaction center
and for the alpha and bets light-harvesting proteins of E.
sphagroides were obtained from Aij1r Takahashi and Colin Wraight
of the Uniwvercity of Jltinoice,

A meJor unanswered quection 1c whether the Aeschynomene
Bhizokbium carn f1¥ ca-bon photoesvntheticallw, It 1s poscible that
the functicorn ot 1te photosvnthetic apparatus 1¢ only to allow
photophospharyviation and prnotosynthetic nitrogen fixalion,
Efforte to culture the bacterium anaerobically n the light have
beern urisuccezceful, Hawever , other "aerobic photosynthetic
bacteri1a” which will not grow anaercbically 1n the 1light have
been <hiown to f1x carbon photosvnthetjicallyw, We are approaching
the ©probiem directly by measuring C 1ncorporation by BXQJI
celie which are 1ncubated in the light in the presence of
bicarbonate, An  alternative approach 1s to search for enzymes
speci1fically anvelved 1n carbon fixaticon, One of these 1is
ritulose-bic-phosphate carboxylase, the enzyime that catalyzes the
incorparatiaon  of carbon dioxide 1ntc sugar. An EL. c£oli clone
contsining the gene for the large subunit of this enzyme C(from
the cwanobacterium  &babasba’ wae obizines from Susan Golden  of
the Uniwversity of Colorado, It 1€ being used as a hvbridization
probe to search for the gene 1n ETHal,

B, Effect ot carbeorn scurces on plagmentation

Dr.  Shanmugssurdaram ¢ firct attempte to 1solate DA were
frustrated b&tv the fact that the celle form large clumps when
grown in culture, preventing lveozyme from reaching many of the
cetis, He therefore explored the effect of warving arowth
condltlons and subetrates. Among the more interesting results of
thece experimente was tne discovery thet far more pigment than we
had previcysiv  observed {forms when the cells are agrown with
certa:ir aminc  actids  ae the carbon  and nitrogen source  (Dr.
Fagiechan hzco &zizc toid me that growth on glutamate results 1In
enfiancec pirgment tormaticn', The pest pigmentation 1¢ obtained

with glutamzie, &lanine or acparagline; 1ntermeciate levels are
obtlzanes with fructoze, malate or succinate; lititle pigmentation
1 obtesnec with giucose, citrate, glutamine or methiconine. We
3re  now sbie to achieve far better pigmentation and  far less
ciumping tharn befores, Thie wiil maie spectrophotometric stuaies
cf eiectron trancport ac well ac molecular biclogy far easier,
C. Moordicerion of BTA11 DA

Jotal Ds from BTAIL wae treated with the restriction
enzymes Eco R I, Mbo I, Pst I and Sal 1. The DNA was poorly
digested by Eco R 1, suggesting that the BTAIl modification



system may methylate adenine bases. A-methylated DNA is
resistant to Eco R I. This finding was disappointing in that it
precludes the wuse of Eco R 1 fragments for cloning and the
preparation of gene libraries. The BTAil DNA was digested
satisfactorily by the other three restriction enzymes.

D. A plasmid in BTAil

Agaroce gel electrophoresis of wuncut total BTAil DNA
revealed the presence of a DNA band miagrating at about 16 or 17
KB, It is presumed to be a plasmid, The intensity cf the band
varied with the <conditions under which the <cells had been
cultured. DOr. Shanmugasundaram speculates that it may be excised
from the chromosomal DNA& under conditions such as phosphate
gtarvation. It wi1ll receive further study. It 1s potentially
useful as a wvectar for trancferring genes into BTAil,
particularly because of 1te relatively csmall size. The DNA of the
feschynomene amecicana Rhizobium and the Seshania stem and root
ncdule Rhizobinw ORS 571 were examined by similar techniques and
no plasmide were detected.

E. Southern blotting of BTA1l DNA ‘

Cultures of E. coli harboring plasmide containirng the nod,
photceynthetic reaction center and light-harvesting pretein, and
ribulose-bis-phosphate carboxyluce genez were Qrown, The
pla:mide were 1zclated, purified and cut with appropriate
restriction endonucleases to remove the desired genes from the
vectors, Separate aliquote of total BTAI! DNA were treated with
the restriction endonucleases Sal I and Pet 1. The cut DNA was
separated by agarcce gel electrophorecic and blotted onto a
Nytran membrane, DNA containing the reaction center and light-
harvesting bactericchlorophyll protein genec was separated by
agarcse gel electrophoresis and eluted from the gel. Next week we
plan to end-label the DNA with [T°F] dCTF and hybridize i1t with
the BTA1l DN on the Nytran membrane in order to lecate the
photosvnthesis genes 1n the Ehlzahium DWW, Similar experiments
will be performed with the other genes, and we also hope toc probe
DN from other bacteria, beginning with the @&. americana and
Seebania Bhizpobia, with the reaction center genec,

F. Preparation of a BTAil gene library

Two gene librariez were prepared, using total BTAil DNA cut
with Sal I and with Pet I. The gene¢ were ligated into plasmids
which were thern uszed to trancsform E. rcoli cells, During Dr,
Shanmugasundaram’'s wvisit next cummer the libraries will be uced
for 1sclating  anc cloning the EBTail photoevnthetic reaction
center protein gene:z and perhape other of the yenes of interect.
G. Conference presentaticon, A pocter entitled "Photosynthetic
Competence in & Ehazgbaum . by 0. Fleischman, W. Evane, &,
Shanmygasundaram and § Shanmugasurndaram, wae presented at the
1988 Annual Meeting of the dAmerican Saciety of Plant
Fhwvziclogiste,



