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A. In troduc t 1 on 
The objectIve of thIS prOject IS to characterize the 

symbiotic association behoJeer, the tropIcal legume AEsc~nOOieo.e 

and an unusual endophyte which we now know to be capable of 
photosynthetic electron transport. Earlier experiments have 
demonstrated that under approprIate conditions the bacterium, 
l.l,lhlCh is able to form nItrogen-fIXing nodules on ti,e stems and 
roots of b_ ~n~~ca, form~ bacteriochlorophyll and functional 
ph 0 t [IS 'I nth e tIC r' e act 1 0 r, c en t e r S . F'r eli IT; 1 r, a r ". ex per i men t S 
indIcate that th~ bacterolds In stem no~ules formed by the 
bacterIum are capable of IIght-arIven acetYlene reduction. 
AcetYlene reductIon IS conSIdered to be an indIcator of 
nItrogenaSE actl·v·lt· ... Most of the e\I'erlments performed thus far 
under thlS grard ~d\)e emplo','ed a ~Bhi2DbH11II~ isolated from an 8~ 

ind~La stem nodule a.t Ithaco, tJeL.,1 \'ark b'; A.f':.LT. Ea91esham of the 
80'/ c e T h om p son I n ~ tIt ute ate 0 r r, ell Un 1 v e r s· 1 t Y and n am e ci 8T Ail • 

DurIng the pa~t four months Dr. Sambandam Shanmugasundaram 
and Dr. Suguna Shonmugasundar'im cd r1adurai KaP.'araj University, 
Mad u r ai, I n d I a h a 'v' e w 0 r' ked 0 nth e pro J e ct a s con S u 1 tan t s • Dr. 
Sambandam Shanmugasundaram had been included as a Principal 
InvestIgator of thIS project when the proposal was originally 
subrr.ltted fron, j~IE U,arles F. f<etterJng Research Laboratory. 
Then prlnclf_,~l ot',lectl"'es ha\)e been to prepare a gene library 
frorT: total ETM] 1 C%-i, to ldent:f:: phcltc·s\·r.thesl~ and nodulation 
genes Hi the 8TAI 1 [Jr~h ar'd e"'E-r11ual1y to Isolate, clone and 
spqUE-nce ~F··era1 c .. the gerie~, 

T r, era, J (I n ale ~ for U~ E 1 r e'~' e rIm e n t ~ 1.1,1 ere thE f 0 1 1 ow I n g • 
he 0 0 rIg 1 n ali ',' t, e I I 12"·' edt hE uri U :: u ale n do ph:: t e t (l be a pur' p 1 e 
photosYnthetIC bacterIum ~hlCh had someh~~ acquired the ablli ty 
to nodulate 8E5cn~nDmEnE. We hODEd to compare nodulition genes 
of the unusual endoph: .. te wi th those from hnormal" ~~ indi1:.a 
rhlZDblum to determ;ne ;.vrlether the unusual endoph~.te mIght have 
acqul~ed the genes from the normal Endophyte, perhaps on a 
pia~lIila. E~ CD':'~ clones. corltalrllr,g LlDiJ genes from Rt..l':Db.llJrn 

mEl~l~l~ I~e~e obtalGEC ~roITi Sharon Long of Stanford Un~~erslty, 

t [0 S Eo r . i e a !: h :,' t, r j C; 1 :: " t lOr, p r' (I t, Eo S , ~~ E- rl 01.1! bElle',) e t hat the 
pnotosvnthet!c endoohvte l~ the normsl a~ indica Bb~':DblUIII and 
that it hao: ret2Jr,ej n,E photo~\:rltrIEtic eapablllh' of the purple 
t, d. C t Eo r 1 d. I .. ~ h 1 C r, 1.',1 E-" e : t s pre s !J r.-i e can C E-:: tor s, p r [0 t, a to 1:; be c au set h e 
ablllt',·· te, IJSE ,=ljni;9~c ao: an erlerg',' source pro\.'lde~ a selecti\./e 
od\.'antagE fer " rr,;:c,blum I,I'h;n, occupIes light-expc,£r~d ~.tem 

noaule~. IsolatIon of thE nodulatIon genes IS nevertheless 
pot en t 1 ali y 1 III t= [I r t3 r: t. The i ear E sal d t 0 ben ear l~' two hun dr' e d 
'=pecle:: clf 8E,Sch':'-':'DIII':D£:, ',)ar:;lng v.lldel::! In trleir habItats, 
characterIstICS ana a9r~nomlc value. Thus f~r photosynthEtic 
endoph~.de~. have been -found oni~ .. in association with a... in.di1:.a. 
Transfer of host speciflu'~:( gene~ rright allol . .I,I other, more useful 
speCIes of bE's1:.1~nDrueLiE to torm 2~sociations with phGtosynt~etlc 
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rhizobia. 
STAil was isolated a number of years ago, but its ability to 

form the photosynthetic apparatus was discovered only recently 
when it was fortuitously grown under conditions which allowed 
expression of the photosynthesis genes. I suspect that there are 
other bacterla whlch form symbiotic associatIons with plants and 
h3ve undlscovered photosynthetic potential. Rather than perform 
lab~rious variations of growth conditions in order to induce the 
formation of photosynthetic proteins in candidate bacteria, we 
plan to search for photos>,'nthesls genes b>' Southern blottIng and 
hybrldization ~ith the hlghly-conserved bacterial photosynthetic 
reactlon center proteln genes. Plasmids containing genes for the 
Land M subunlts of the ehodobacieL sphaeLcides reaction center 
arid for the alpha and beta light-har'y'estin9 proteins of .IL. 
sphaELc~dES were ottalned from Aljl Takahashi and Colin Wraight 
of thE Urll'.ierslt'-.' of ]111nols. 

A m2Jor l!rl<JnSI.~ered ql!estlon is. whet~er the Aes.c.h.;.:uomene 
eh~=ct~u~ [an il~ ca~~on photosvnthetlcallv. ]t is posslble that 
the functIon oi Its photosynthetlc apparatus lS only to allow 
ph 0 top h 0 s p h 0 r y 1 a t Ion and p not [I S >,TI the tic nit r 0 g e n fix a t ion • 
EHorts tr) culture He bacterIunl anaerobicallY' ~n the light have 
bpen unsuccessful. However, other "aerobIC photosynthetic 
b a [ t e rId. " I,V ~I 1 C h .. ,I] 1 1 not 9 r moJ a n a e rob 1 cal l~" HI the I i g h t h a v e 
bee n '= hOI .. , n t c' f 1:>: [a r bon ph 0 t 0 S v nth e 14 I~ '" 1 1 '/ • We are a p pro a chi n 9 
the probiem dIrectly by measuring C incorporatlon by 81~i I 
celiS 1.\ltnnl are In[ubated irl the I ight in the presence of [ (.] 
blCarbonate. An al tH'natJve approach IS to sear'ch for enzymes 
specIfIcallv Involved 1n carbon fixation. One of these is 
ribulose-b~s-phosphate carboxylase. the en:yme that catalyzes the 
.ncorporatlon of carbon dIO)Ide Into sugar. An £~ .LOl~ clone 
c CI r.t a 1 n 1 n 9 H. e 9 e rl e for the 1 a r 9 e sub u nIt 0 t th 1 sen z ym e ( from 
HIE- C:','arlC:'~locte:Iun, 6Laba£La' 1»)2: C'L,t2Hlec irorr, :,usar, Gc,lden of 
the Unlversl tv of Colorado. ] t IS being used as a hybridIzatlon 
pro bet 0 s e·:; r c t-I i Cor t ~I e g e rl e 1 rl 8TH 1 1 . 
E:. E of f e [t 0 tea r tl c' r, 5 [.Iji C e:; CI rl PI gnl HI tat 1 0 n 

Dr. Shanmu9<Jsur,daran, s fIrst attempts to isolate DNA were 
frustrated til,' the tdct that the cells fOrrT, large clumps when 
grQi,>.,In in cul ture, pr'E"'v'enting l~,isozy'me from re:lching many' of the 
celis. He therefore explored the eHect of varylng growth 
conditions and substrates. Among the more Interesting results of 
these e>.perlmer,ts V,ldS tne dIscco',,'ery that far more pigment than we 
had pre"'1 C'IJ~ 1 \' obser\'ed forms i,llher. HIE cells are grown wi th 
certa.:r ~~lnG a.cld~ a~ the carbon and nltr0gen source (Dr. 
Eag:esrlan, rlae al,,[, t[old me that grDLoJtrl or, 91utamatr~ results in 
enhancec pIgrr,e~,t iDrrT,a~Iorl'. T'le iJest pigmentatIon is obtaIned 
1 . .viUI glutarTI:-;'E! "h"jrle or a~para9ine: Intermeaiate le''.'·el~ ar'e 
o t, t ::. j r, Eo] '" Jt r. ,: r u ': ( ':' " e • fil~ 1 Co t e c' r :: u [ Cl nat e: 1 i tt i e p 1 gfT! e n tat I [0 n 
is [It.~2',neG I.li:U, o;;uco:Oi2. cIti'ate, glutarriJn~ or methIonine. ~~e 

are n C;~ .: 0. ~ i etc, 2: f-. l F, ' Eta r to e t t c' r p 1 gm e rd a t 1 0 rl and far ~ e:: s 
cium;:'Jng tho." Defore. itll: IAOJ 1 i maie specHoprl[,to'TIetric stuaies 
o of e i e c t r [0 rl tr iH, S po r t a s 1 . .<1 ell a s mol e cui a r to i [0 log v far e a s J e r . 
[ . t,~ C'!J: of j C Co 't: 1 [1 rl of BTAll DNri 

Total [!I~'" f r or STAi 1 ~va. s· treated ~I,! 1 t h the restr-ictlon 
enzymes Eco R 1 , Mbo 1 , Ps· t I and Sal 1. The DNA was poorly 
digested t,',' Eco R J, suggesting t t-> a t the 8TAi 1 modifir.ation 
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s yo stem may met h r' 1 ate ad e n i neb as e s • A -m e thy 1 ate d DNA i s 
resistant to Eco R I. This finding was disappointing in that it 
precludes the use of Eco R I fragments for cloning and the 
preparation of gene libraries. The 8TAi 1 DNA was digest~d 
satisfactori 1y by the other three restriction enzymes. 
D. A plasmid in BTAi 1 

Agarosf' gel electrophoresis of uncut total BTAi 1 DNA 
re',;ea1ed the presence of a DNA band migrating at about 16 or' 17 
kB. It is presumed to bo a plasmid. The intensity of the band 
varied with the conditions under whlch the cells had been 
cultured. Dr. Shanmugasundaram speculates that it may be excised 
from the chromosomal DNA under conditions such as phosphate 
£tar'v'ation, It (.oJl11 receive further· stud:!. It is potentially 
IJsefu1 as a \lector for transferrlng Qenes into BTAil, 
partIcu1arl~1 because of lts relatively s.ma.1l size. The DNA of the 
flJ?s.ch~nJJDlEnE .a.C!JEr:i.c.a.nEl Rh~z.nbHlID and the SESDElnia stem and root 
nodule BtiZJJbiliCIJ DRS 571 were examined by slmi1ar techniques and 
no p1asmids were detected. 
[. Sou t h er n b lot t 1 n g of BTA 1 I DNA 

Cultures of E_ .cnl~ harborlng p1asmids containlrg the nnd, 
photosynthetic reactlon center and 1 19ht-harvesting proteln, and 
ribu10se-b~s-phosphate carboxy1~se genes were grown. The 
p1aimids were isolated, purifled and cut with appropriate 
restriction endonucleases to remove the desired genes from the 
vector·s. Separate a1 iquots of total 8TAlI DNA were treated wi th 
the restriction endonuclease: Sal I and Pst I. The cut DNA was 
separated by agarose gel electrophoresls and blotted onto a 
r~~'tran membrane. DNA containing the reaction (erder and 1 ight
harvestlng bacteriochlorophyll protein genes was separated by 
agarose c;el electropr,or·esls and e~l:!-ted froIT' the gel. r~ext weel~ we 
plan to end-label the DNA with [~-F') dCTP and h>"brJdize it with 
the BTAlI Dr~A on the N>,'tran membrane in or·der to locate the 
photosynthesis gene5 In the Bt~z.nhllim DN~, Slml1ar experlments 
will be performed wlth the other genes, and we also hope to probe 
DNA from oHler bacteria, beginning l.oJl th the I,L .a.m.eci.ci1ll.a and 
SEsb.a.Li.a BbizJJb~.a, with the reaction center genes. 
F. PreparatIon of a BTAil gene 1ibrar>' 

Two gene 1 ibrar-Jes. were prepared, usin£ total 8TAi 1 DNA l'ut 
(.oJith Sal I and wlth Pst I. The gene':: were ligated into p1asmids 
1 .. oJhich ~oJer·e H,en u"eo to transform E_ .coli cel15. [luring Dr'. 
::hanmugasundal'ams 'v'isi t ne:d summer the 1 ibraries ~oJi 11 be used 
for lsolatlng ane clonlng the BTA) 1 photosYnthetlc reaction 
center proteln gene~ and perhaps other o~ the genes of interest. 
G , Con fer en c e pre sen tat i 0 r, . A po s t er en tit 1 e d ,; Ph (I t 0 s >" nth e tic 
Competerlce ir, d E'b..:..::.c.t.llJ!I. b',' [0. FleJ-:ulrTic.r" ~.'~, [\'2.ns, S. 
Shanmugasundaram and S. Shanmugasundaram, was presented at the 
!988 Annual Meetlng of the Amerlcan Society of Plant 
F'h '.'= J c,l cogi:: t::, 
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