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6.1, Use of cultured cells
Experiments have been conducted fo force associations between Azotobacter
vinelandii and cultured carrot cells, the aim being fo investigate the
feasibl 11ty of extending the association of this free=1iving nitrogen
#1xing becteriun fo crop plants other than forage grasses (125-127).
Bacteria becane established within the Infercellular spaces of the carrot
cells, and the latter survived for several months on @ nitrogen-free mediun.
However, plants were not regenerated from this association, and the
experimentel systen was considered fo be sonething of a laboratory curiosity
ae).

6.2, Use of isolated profoplasts
6.2.1. Uptake studies, The Inclusion of Rhizobiun in the enzyme mixture
used fo Isolate Pisun and Vigna mesophyll protoplasts resulted In bacteria

within vesicles of the protoplast cytoplasn (128). However, subsequent
division of the bacterial cells within the plant protoplasts probably
accounted for collapse of recipient cells (129).  In experiments with
Azospirillum, bacteria were introduced info protoplasts of Sorghun bicolor
by freating mixtures of profoplests and bacteria with polyethylene glycol
(FEG) (99).  However, there was no indication of the viability or
physiological activity of bacteria or protoplasts following uptake.
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Cortainly, there have been no reports of long term culture of cells derived
fron sueh modi fled protoplasts.
PEG has also been used fo stinulate wpfake of blue-grs

n algoe into
plant profoplasts, cells of the nanmnitrogen f1xing cyanshacteriun

Anscystis nidulans (130) and calls of the nitrogen fixars Gleocapsa (I31)
2nd Anabasna (132) being teken up into protoplasts following treatment

I This polyner.  Gleocapss was considerad fo be particularly suifasle
In attampting to cevelop new blue-green algas-higher plant associations
(1311, since i1s nitrogenase I less oxygen sensitive and better profected
from oxygen InnIbition than he snzyma In other cysnobscteris. I sddition,
Gleocapsa doss not produce foxins which cauld affect the visbility of the
Feclplont profoplasts.  Mors recently, studies have basn reviewed hich
Clain o have induced an association betueen Ansbaena and fobacco
protoplasts (133). Using PEG fol lowed by @ high pr/Ca’" freatment,

Anabaena colls wers faken up Info ninety fo ninsty f1ve percent of the
Teolated protoplasts.  Such protoplaste forrad callus, the cells of which

w0

contained viable biue-green algee.  Whether or not plants regenerated fron
thesa callus Hissues also contain active nitrogen fixing cysnchactaria
remains 10 be demonstrated. An Interesting alternative to free-Iiving
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blue-green aigae Is the use of cyanelles Isolated from the green algs
Glaucocystis nostochinssrin (134, 139).  Cyanelles were Introcuced by
nicro-injection 1nto onlon spidernal calls, while PES wos used fo stinulate
uptake of cyanelles Info Isolated onfon and carrot profcplasts.  Observation
using bright f1el6 and fluorescence microscopy carrled out Two days affer
PEG trastosnt, showsd one or 1wo cyansl 165 wIfhIn the cytoplasn of some.
protoplasts wnich haa regeneratad new cel | walls.  Houaver, Information
wes ot prosented on the survivel of cyanelles ¥ithin recipient profoplasts
during long term culture

Alfhough mos rosarch has cantred upon the uss of higher plant protoplast
attargts heve 15 boan made to nodify fungal profoplasts.  Spheroplasts
of Azotobactar yinelanall were mixsd xI1h profoplasts of The mycorrhizal
fungus Rhizsposon, ana aftor tresting the mixture wifh FEG, strains of The
funguz vara regenaratad  hich reducad acetylens, gave positive results

he 1%, assay for tixation, and grew on nitrogen doficient nedium
(136-1400." Fluorescenca stugios indicated the prosence of L-forms of
bactaria within the fungal calls. Such nltragen fixing straine of Ehizepogo
wore used 1o es7as1ish 3 mycorrhizal association with The roots of Plnus
radiats saedlings, where 8 nitrogen ¢ixing sssociation spparently devolopsc.
n reviawing i work, Giles and Vasi| (I7) clained that, despite
unarrantad criticisns rolating fo the doath of Pinug sosdlings I these
xparinonts, such stugios romin the rost succossful exanplo of transfor of
nitrogen fixing sbility 1o species other than legurss.

6.2.2, Fusion stugios. Soratic hybrisisation has been dlscussed as an
xparinental spprosen 1n sTtenaTing fo modify non-legumlneus colls, end

4 (19) revieved

Gitinstely whole plants, to fix nitrogen. evey and Coc
#he 1i4erature reporting the formation of heferckaryons setwesn various.
legums and non-logume protaplasts, Including barley-soybean, corn-soybean,
rapesead-soysasn, tosscco-soysemn, ond carrot-pes.  Division of he

Karyons was reported 1n all of these combinatlons. The most defailed
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studles of legume/non=legune heterckaryons involved micro-menipulation
fechniaues for single hetorckaryon Isolation and culture (141), Using
o nicro-pipette, hetorokaryens between colourless scysean suspension col |
profoplasts end green nesophyl | profoplasts of Nicotlans glauca wers

@

Isolates twenty four fo forty olght hours atter fusion. Tuenty hybrid cells
formad callus during subsaquent culture, olthevgh the lattor ¢id rot regenerate
4o plents. Detailed cytological examination showsd the Fissues *o have

#he corplete chronosone conplement of Glycine mox, but only o few of the
larger Nicotions chrorosones (141, 142), Gel slectroptoresis of asparfate
amino-tronstersse confirned fhe presonce of bands from both parents,  In
Sinilor ork, hybric cells vera obtoined betveen Glycine max nd Nicotions

un (1431, but [n 1his conbination heterckaryon-derived flssues possessed

#re chronosons complesent of Glycing end nore han helf the chrososcnes
of Nicotiana fter six fo seven nonths I culturs. The greater stablity
of the fobacco chrososones 11 hese ybrid cells compared o those befween
Glyeine nax ané Nicotians gleuce ves thought fo relata o the anphidiploid
Rature of the Nicotlana fabacun parent. To date, I has not been possible
7o rocover hybrid plants from tissues cerived fron any legune/nen-lsgume
eterokaryons.
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In attempting to modity non-legumes to fix nitrogen, It may be proferable
10 the long tarm o ransrer only those plant senes rermally Involved in
ostablishment of The nitrogen ixing symblosis with Enlzoblun, from the
logune 1o the ron-legune partnor.  Such partial hybrig plants would
retain the Inpartant sgronsnic charscters of the ror-lasuns parent, and,
In adaition, scquire sens genes frem he legure sartnor.  X-irradistion
of protoplasts of Petroselinun hortense prior to fhelr fusion xlth protoplasts
of Daucus carofe facl | [fatec ransfer of Fetroselinum genos info the
Ooucus portrer (144), ané this approach could be useful In atempting To
Sranster specific gones from legunes to non-logunes.

Efforts fo sssess the behaviour of Ahizobiun becteroids In & heterskaryetic
legune/nen egune <ytoplasn nave Involved The fusicn of legune root nodule

proteplasts ith srefoplosts Tsalated from ner-legme leat mesopyl | Tissos
ond sosparsion ol cuttures.  Metarokayon fonetion s seen reported
ol loxirg th usfon o icetiens mescshyl | profoplasts wifh rot retuls
roteplasts o Lupinus anputifelivs (16 and Fraue stivin (71, ond fre
Tsion of Victa tabs roo nadule rotoplasts w11 profaplass of Petus
retopy 11 and Gt carots sspension colls (0. 1n bt of fhe latter
epartes heteararyen foratien was characterised by 11ght 3 eleciron
ieroeopys w11 swrallad altrastructural sanisatien of pretoptos fesion
“nd eyeptasmic ixing wimi peterakaryons (11, Mtzchiin tectrotds,
e becare ctserace

S+111 enclosad within their nenbrane-bounded vesic




