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The free-floating aquatic pteridophytes In the genus Azolla contafin an

ﬁd“iuln cyanobactorium, Anabaena azollae, as a symbiont. The genus 15
dely distributed, occurring in refatively placid tropical and/ar

temperate freshwater environments. 5ix extant species usually are
rrnu?dmd. In each species the symbiotic Anabaena can provide the total N
requirement of the association via fixatTon and the Arolla sporophytes
are capable of prolific vegetative roduction in the ahsence of a
combined N source [1,2]. The practical significance of this attribute 15
demonstrated by their use as a biofertilizer for rice [3-6l. B

While vegetative reproduction and growth is more coemon, sexual
reproduction occurs and presumably provides a means for survival _dur"lg

favora {ronmental conditions. Azolla s heterosporous, na
Eﬂl nMurp: and microsporocarps on the same plant. EFH% -
demarcation is based primarily upon the morphology of thess structures
[6.7]. Anabaena filaments are partitioned into both types of sporocarps
during thair development. The endophyte within the megasporocarp provides
an inoculum for the uuimgg sporophyte, maintaining the symbiosis.

This report is restricted to studies conducted with the vegetatively
pmtgugutnd 1a caraling - Anabaena azollae symbiosis grown on medium
wi thout :nuéi% NTZ]. I% gucuus on recent approaches to further
elucidate aspects of host-endophyte Intersction and incorporates
analyses of soluble amino acids and, ium, assays af asmonia
assimilating enzymes .chu use of [ NIN, and the analysis of soluble
sugars as well as ~pulse chase sthdies. For orientation purposes
the results are prec ty & description of the symbiosis.

Salfent Features of the Symbiosis

A, caroliniana sporophytes have hranched flioating stems bearing deeply
bilobed, alternately arranged leaves and adventitious roots,
ontogenatic sequence of the host and endophyte 1s expressed along each axis
of rhut'in? stems [8-10]. A colony of undifferentiated, or generative
9], Anabagna filaments is associated with the apical meristem of each
stem, The meristem and Anabaena filaments are enclosed and protected by
the developing bilobed Teaves. As these leaves differentiate, some of the
filamants from Lha colony are partitioned into furnﬂn? cavities at
the base of the aeria veal leaf lobes. This process is facllitated by a
special ized epidermal trichome termed the primary branched hair [PBH] which
consists of a stalk cell, two or three body cells and several finger-like
terminal cells [10,11]. The terminal cells of this rapidiy differentiated
trichome protrude into the colony and Anabaena filameénts become
antwined around them, Subsequently the amd associated Tilaments are
engulfed by the forming cavity [11{. As development and maturation
a second branched hair and a distinct population of up to 25 simple hatrs.
composed of a stalk cell and a single terminal cell, are farmed in each
cavity [10]. The two branched hairs occupy a well defined position in each
cavity and are located on the path of the follar trace. Simple hairs are
randomly distributed around those portions of the cavity bordered by
mesophyll [10]. Ultrastructural studfes have shown that all hairs
initially develop transfer cell ultrastructure {TCU), e, ramified cell
wall elaborations and organelle-rich cytoplasm, in their terminal cells and
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exhibit & distinct basipetal pattern of TCU differentiation and seneicence
as a function of leaf age [11 Calvert, unpublished]. _

The gccurrence of a p-lflha'l developnental profile in the endophyte as
& function of leaf age was originally described by Wil) [8] using
sequentially dissected individual leaves from stem axes of A, Filiculeides.

e gbservations have been confirmed and extended in A, carglinfana

11-13]. The generative Ana filaments in the apical colenfes lack

terocysts and nitrogenase activity. Heterocyst differentiation commsnces
as the PAH and associated filaments are engulfed within the forming cavity.
By the time a cavity has its full complement of epidermal trichomes, cell
division in the endophyte is greatly diminished, its cells have enlarged,
Lhe heterocyst freguency approaches 301 and nitrogenase activity is
maximal. This activity declines as the Teaves fn to ssnesce.

The dry matter and N content are highest in apical sagments of
sten axes and,.the C/N ratic increases with Teaf age [13]. Pulse-chase
studfes using showed that N, fixed in mature cavities Is transported
toward the stem apices [13]. terocysts of the endophyte retain phyco-
biliproteins {PBP) which are effective in harvesting light energy for N,
fixation [14]. PBP content fncreases with lzaf age and there is no
significant alteration of the PEP complement [15] as a function of leaf age
and heterocysts frequency [16].

Soluble Amino Acids and Ammonia

Insight on N metabolism and host-endophyte interaction has bean sought
by the apalysis of ammonia or/and soluble amino acids in the assoclation
and its companents. The latter included intact stem axes #long with their
dissection Into the apical E and the remainder of the axes [10,11]
and preparations of the te with assoclated cavity hairs [12] as well
a5 the endophyte freed of the hairs and the simple and branched halrs
themselves. Details of the procedure for isolation of the hairs, which
Includes sieving with nylon mesh and use of Percoll gradients, will be
presented u»&n #long with micrographs 11Tustrating purity of the
preparations. Since the isolation procedure breaks the more fragile stalk
cell of the hairs near the site of attachment to the cavity wall, the cell
mesbrane has been ruptured in the majority of the stalk cells., This is
readily demonstrited using the vital stain, fluorescein diacetate [17].
Thus the soluble amino acids and enzymatic activities of the hair cell
preparations are attributed primar Iy to the terminal cells of the simple
hairs and termipal cells plus body cells of the branched hairs.

50luble aming acids were determined by HPLC of their OPT derivat ives
using the general approach of Jones and 61114 [18]. Rapid analyses were
conducted using a Brownlee Labs guard column (3 em, O0-GU, 5 um).  When
better resolution was desired, analyses were carried out with a 15 em
Ultra re colum (005, 5 ym, Altex). Ammonia was determined separately
with HPLL following reaction with OPT-mercaptosthanol at pH 7.3 [19].
Cellular material was extracted with bofling water for 10-15 min,
mtriﬁgﬂ and the supernatants analyzed, 15

HPL 14inalysis was consistent with the results obtained 1.|:;inatl :‘
[20] and *7'¢ EI] fn showing that the endophyte isolated from the 1edf
cavities relelsed ammonia but little or no o fc W. Analysis of
centrifuged media [22] at intervals during a 3 hr {ncubation under 0.03%
mi.“ # and under 0,032 €0, in Ar revealed that ammonia increased at
a Fate of“135 nmoles/mg proteifi-min under N, fn the light, Mo ammonis
product fon occurred r Hz In the dark or®under Ar in light or dark.
During the 3 hr Incubation “in the 1ight only aspartate and glutamate
increased significontly, about 3 fold, under bot llz and Ar.

In the assocfatfon, as well as in the fntact®stem axes and their
segnents, the major constituents of the nitrogenous pools dre free asmonia,
glutamine and glutamate (Table 1). As reported by others (23], nitrogenous
pools vary with culture density. However, the material used here s all
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from recently transferred cultures and the fncreased levels of ammonia and
alutamine in the stem axes and ::?mnh relative to the association are
attributed to the selective trimming. The assoclation values nclude
contributions from roots and old leaf tissues. Stem axes were restricted
to segments of 10-12 leaves with roots removed and on a fresh weight basis
are enriched in leaf cavities where the endophyte exhibits maximal N,ase
sctivity [12,13]. Glycine and threonine were not completely mnlvndzbzr
the rapid analysis used in these determinations and have besn combined for
purposes of guantitation, The component denoted X 15 the third most
abundant amipo acld and preliminary evidence indicates that it 15 a
glutamate derivative. Although Wewton and Cavins (24) found cystathionine
to be the third most abundant amino acid in extracts of A. caroliniana, we
have not obtained evidence for its occurrence with our procedures,

Since .Ei“l segments have a higher dry matter content than the rest
of the axes [13], the higher concentrations of cell amino acids on a fresh
weight basis 15 not entirely m-rcud However, as the in
these segeents lacks any appreciable nitrogenase activity [12,13] the
levels of ammonia, glutemine, X, and perhaps to a lesser extent glu-
tamate,,-are noteworthy and will be considersd below in conjunction
with | ’H]Hz pulse-chase studies. The apical segments account for about
25% of the “fresh weight of the axes, Thus, the concentrations of
individual soluble amino acids, asmonia and protein in the axes are
approximated by 0.25 (aplcal value) + 0.75 (remainder value). For
glutamine, this approximation ﬂcld& 2.73 'I-I-H_lhfi frwt for the sum of the

ts compared to 2.66 + 0.65 for the segment Itself,

Table 11 gives the relative amounts of indivdual amino acids expressed
as & percent of the total from three preparations of the endophyte with and
without cavity hairs and in the two t,p:es of hairs.  The calculations are
based on the integrated areas of the individual amino acids. While not
?umutquu, they do allow a comparison of the composition in the

ndlyidual fractions. Ouantitative values (nmoles/mg protein) are shown
for two of the endophyte preparations = cavity hairs and the simplie hafrs
from & single preparation in Table 11, Protein values were not attained
for any fraction in one preparation and availability of materfal has
preclyded obitalning replicate protein determinations for any of the other
hair fractions.

The extracts from both halr types are distinct from the mdu::ﬁu in
containing & greater Qrmrttun of serine and the unknown. Branc hair
extrocts hawve generally contafned more arginine but less glutamine than
those from simple heirs. Glutamate was consistently the major constituent
of the endophyte extracts followed by aspartate and arginine. The cyano-

n granule is composed of cbﬁl,:ﬂﬂ of the latter two amino acids
EzE]. While 1t is nat known 1F t s any direct connection, cCyanophy-
cean granules do occur in vegetative cells of the endophyte. FRelative to
the other asino aclds glutamine is such Tess pravalent in the endophyte and
two hair types than it is in the leaf tissues. The concentrations of amino
acids in the endophyte and hairs are much lower than those in tha intact
plant tissues when the latter are expressed on a protein basis.

Msonia Assimilating Enzymes

Ray et al. [26] reported that the assocfation and endophyte
preparations mnm?i&l“““ hairs exhibited glutamine synthetase (GS).
glutamate synthase (GOGAT) and glutamate dehydrogenase (GDH) activities,
Preliminary studies revealed that cavity hairs obtained from endophyte
preparations exhibited GIH activity. However, the GOH activity in
endophyte preparations From which the hairs were removed was not
significantly diminished and the endophyte was estimated to contribute 1D%
of the associations' G5 activity and 200 of its GOH activity. The specific
activities of the endophyte G5 were half of those obtained with free-living
cyanohacteria. Subsequently, Orr and Haselkorn [27] reported that using



216

“|oagge]dag

1]

I Ist g0 tsT  fu EFIT  £3r OIS€2  15E BTSST £s9°8 ¢ T

(8 () (n) ) 9 (1 (39 (2} (89 f9°v) (3*) ¢ 4|0y

E T €8 £ W 0T N6 2 259 pebl [ E- T aldis
(') (172) (9°8) (p's) (e'1r) (8°p) (272 (9:1) :_.w (&'z1) (Ls) 2

030 25y 2 B/ [ 9@z Zih o5 930E CEY] SR vilame iy

H..__ 'ty (g4 ()  {ew9) [9:2) 2 S4pey pue

(27) (g2 (s1) (&) {2°)
. . usy nin B U

L.E...;:_._
BUD|IRUMIIBIAP JO J3QuNU » U “sSasayluasrd U a4® ujaiodd u.__,._h-_»_l: SPOWIRD 3| qe | eay
‘seae pajwabaaug uo paseq spyae OUmR |enpajpul MWl Jo sabriusosad sup La 1] 3 iy oRY 47 up pup

BIIRY A3)AR3 O |PAGEAU JELSR PUV BUOjDG SU0| Idpdaid GR(|0Zv Wuarqriy uj spiow oule afgnjos ‘i1 3L

11 31qeL u)-spdepurls proe
SUjuR UG B4y 40 103085 Dsuodsad alivaane A PIRA L nik » ag A=
(1:8

1:9
'50°y  ¥°52°2  £0°SEE"  $0°:42°  10°sEl° BI'SG6°T  BO'3S2°  20°5{0° E0'528°  0°5Z2° Jepu|ewey

{2srl)  (re6) [t=t) (tse5) (tiv) {o=1)  [2:41) (156)  sjuaubos
U6y BT 0273521 90°3ET  G0'SEZ' BLUSL0°S  [0%SME'  £0°:80° £2°792°1  20°:epc  (espdy

ES01)  (1s9) (0sg)  (9s55) (1:5) (rst)  (e=1) (2r0)

U & T WBPT GDEELY  T0'IElT 59°399°7 20°752° T07TRO" [1'328°  pO"g2’ sany
(rz02)  (2:8) (1s¥}  (1s1) (0s9) fosr)  (2e26) {tsz1)
- - - " .H- E-l E._H.n.- & - - - -

P JugfE uyg Jae ugy’ nn dsy

*S83e3| [daJd g-p UD paseq aup

VIR [y Csasauaaed u) (9303 a3 40 1 © SR passaudva aue SPII0 OujER |eNpLAJPU]  ‘ulSTeud 405 M4 B/Bw
'RIUQWE PUP SPLOT OUpER u0) M4 Gfeajoun aiv myug  sanw 3 jo TJ_SIE puk saaea) omy 35404 snpd a!_-.w
Sjumefiar pue soxe wajs "Spud) WUR|Uj | oJRD B10Zy u) ui@lodd pus 'ejuoune ‘SpLOP oujme a|gnjos I ey

+

SPUcd




217

antiserum to Anabaens 7120 GS and a sensitive radioimmunosssay, the Azolla
endophyte exhibited only 5-10% of the antigen found with Hewton's F
FB] free-11ving isolate of the endophyte. However, in studies using “NH,
63 uH} the amount of label incorporated by endophyte preparations and
Nowton's isolate were very similar when normalized to protein content
(Meeks, unpublished), Incorparation was fnhibited 99% by 100uM M5K in both
organisns and inclusion of unlabeled ammonia (1 mM) dur'.ng incubation of
endophyte preparations with and without MSX did not significantly alter the
pattern of incorporation. These results are consistent with both the
endaph and Mewton's fsolate assimilating exogenous ammonium by the

G5 T pathway with 19ttle, biosynthetic GDH activity. Incubation of
endophyte preparations under [ ]g; also indicates fncorporation of N,
derived amonium by‘th: ssf:nm theay :ut no 51 if::m:‘mtriﬁu- .
tion by GiH,.or alanine dehydrogenase. For example, In the presence o
100 M Hsrnn 1nf:nrpnut1nnr?ntn glutamine, glutamate and alanine was
inhibited 99% or more. However, the analysis of soluble amino acids in the
endophyte (Table I1) showed that glutamate was consistently the major poul
component. In order to ascertain whether or not the endophyte ftself
contained GOM and 65 or 1f these activities might be attributed to the
presence of epldermal hairs in tha rations, we initiated a new
investigat fon of these activities In assoclation, the endophyte
pn:p-r-tiun: before and after remaving the hairs, and the two types of
Bairs. ’

Whale Fronds were homogenized in buffer (10 wM MOPS, 2% Polyclar AT,

10 aM OTT e t where noted that MOPS was replaced by S0wM phosphate)
passed twice through a french press at 16K psi and centrifuged at 20000g
for 15 min. The supernatant was passed through a Sephadex 6-25 colum
equilibrated with the extraction buffer and used for analysis. Endophyte
and cavity hair preparations were resuspended in buffer without Polyclar AT
or DTT, subjected to three passes through the pressure cell, centrifuged
for 10 min at 20000g and the rnatant used directly for assays.

Prel iminary studies showed no g-np in activity after passing endophyte

Tus cavity trichome extracts through % G-25. NADH dependent GOH
E.C. 1.4.,1.2) was assayed according to Prulsner et al. [29]. 65 was
assayad routinely by the ATP t formation of y-glutamylhydrox

ymate
[30] and the transferase assay [31]. A few assays also were conducted
using the coupled biosynthetic assay [31].

The specific activities, on a protein basis, from crude extracts of
the various components of the simbiosis are summarized in Table 111. Each
value is based on at Jeast three separate preparations with duplicates for
each GS assay. The specific activities obtained for the association are
similar to t reported :ﬂlﬂmﬂy [26]. Wowever, the GOH activity
praviously attributed to lﬁdluphzgl obviously resulted from incomplete
removal of cavity hairs, The hi activity in the hairs 13 consistent
with their containing numerous mitochondria. [In contrast to GOH activities,
removal of the hairs did not have a significant effect on the G5 activity
attributed to the endophyte and the specific activities in Table 111 are in
accord with those reported by Ray et al. [26], """11 11 nmoles HADH
utdindll_mmuin--iu using the coupled biosynthetic assay and 154 nmoles
v-glutasylhydroxymate formed/mg proteinsmin in the transferase assay.

There was no loss of endophyte GS activity following further purification
using sucrose density gradients [1] to remove any posiible ch last
contamination, The m:ihnig remains that the activity exhibited by
the te fs associated primarily with the undifferentiated filaments

in apical segments [26,32]. It is not clear the & te preparations
sxhibit specific activities half those of free-living cyanobacteria but only
5.10% of the G5 protein [27]. Simple hairs exhibited reproducible GS
activities but the branched hairs did not, For example, with branched hairs
the controls (minus ADP and arsenate) for the transferase assay excesded the
complete mixture in § of 8 determinations and the abzorbance ges in the
biosynthetic assay were negligfble.
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TABLE I11. Specific activities of ammonia assimilating enzymes in extracts

of the 11a-Anabaena association, p tions of Anabaena with and
without caviiy hairs, and the two hair 5,

Enzyme Glutamine Synthetase® GOH®
Efosynthetic  Transferase

Activit Activi
Aszociation M1 - ﬂL:- ;E 31+ 8

An na with 14 £3 192 £ 11 48 & 15

cavity hatrs

. Apabaena 10 £1] 170 ¢ 39 24 .5
Simple hairs 28 =27 106 = 4] 469 = 80
Branched hairs N.D. N.D. 397 + 67

:n-nlau y-glutamylhydroxamate formed/mg protein-min
neoles MADH oxidized/mg protein-min -
H.D. not detectable, ses Eext,

Although purified preparations of simple and branched halrs each have
accouited for -mmintﬂz.ﬂ of the protein in the endophyte freed of
hairs, a number of simple hairs are lost in the purification procedures,
dased solely on the differences in specific activity for GOH in the endophyte
with halrs and the fsolated hair types, 1t is estimated that the hairs
account for about 5% of the total prot#in in the endophyte plus hair
preparations. Based on their preliminary studies Ray et al, [26] roughly
estimated this contribution at less than 51.

The use of phosphate fn the fsolation and column buffer did not
significantly affect GDH activities or G5 activities based on the coupled
biosynthetic assay. It did, however, result in Yower activities for the
biosynthetic and transferase assays n the association and was extremely
inhibitory to both these assays in the endophyte preparations. Althou

sphate and arsenate enhance deamination of glutamine [33] and 71 inhibits

dependent GS activity in peas [34], the explanation for this differential
effect is not clear. The poasibility that the diminisned G5 activity in the
association with phosphate might be attributed solely to the endophyte i3
being explored.

Ui, Time Course and Pulse- Studi

13, Products of N, fiazation in the association were determined using

[ ]H}Hﬁ‘u the C ker, Muclear ratory U.C., Davis, The genera-

tion bfF 13y by, sthe ﬂip.n] nuclear reaction, {ts concentration and
conversion . to J‘]" [35] were folTowed by hypobromite oxidation,,

to yield [ H]wk [36]: The, association was incubated under [*“WIN, at
roon tempera and 15 Ma ® of tungsten {1luminatfon. Methanolic ext ts
were processed for thin-layer electrophoresis [36].  Results from initial
10 win time course studies are shown in Fig, 1. The distribution of label
is consistent with ammonium from the en yte being assimilated by the
G5-GOGAT pathway, the primary o ic products befng glutamine and gluta-
mate in a4 precursor-product relatfonship, Thus, this data supports that
obtained for soluble amino acids and ammonia assimilating enzymes in

the association.

Since 15 pulse-chase studies with stem axes had shown that N
fixed 1 fn ma cavities was transported to the apical segments, a“series
of [V pulse-chase studies were Initiated in an offort to resolwe the
transpo compound(s). While still in progress, the results are
consistent with the time course studies in demonstrating the predominance
of the G5-GOGAT pathway and have confirmed transport to the apex.
ldentification of the transported substance{s) has been more complex than
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Fi. 1. Time course of fixation of ['>NIN, by the Azolla carolinians-
Anabeana azollae symbiosis.
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CHASE TIME (min)

FiG, 2. Distribution of ull fn apical segments plus the first two leaves
(o) and in the remainder of the axes (o) expressed as the fraction
of the total recovered in the individual compound at each time
point.

expected, possibly due to pools of soluble amino acids, including "X" which
has only recently been found, and ammonfum as well as the distribution,,
of enzymes Involved in nitrogen metabolfzm. While all available “°N
data are currently baing analyzed with this in mind, .Figure 2 shows
examples of the type of results 1 obtained in ["“NIN, pulse-chase
studies, Stem axes were exposed to [ JII] for five sintites fol)owed
either by immediate dissection or by disseftion after air chase periods of
2. 5, and 10 mins. When plotted as the fraction of the radicactivity
recovered in the individual compound at each time point as in Figure 2 the
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data {mply enricheent of glutamine and ammonium in the apical segments. In
terms of actusal counts recovered, thess two constituents plus glutamate
fncrease as a function of chase time in the apical segment. Combining
these data with the information on soluble amino acids, it appears that
glutamine, glutamate, smmonis and perhaps “A” all may be transported.

Interactfon in Carbon Metabol] ism: Soluble Carbohydrates and Evidence for

Cross-Feeding of Sucrose

Usin 1 pulse-chase and time course studfes with the association
and endo 2, “respectively, it was shown that both exhibited Calvin cycle
intermediates [21]. Sucrose was the major product of photosynthesis in
Azolls but was not detected as a labeled product in the endophyte during a
10 win time course. We had previously postulated that the Azolls endophyte
might unﬁuaoa & Lransition from photoautotraphic to photoheterotrophic [1]
or mixotrophic [37] metabolism as & function of leaf age and Increasing
heterocyst frequency. It seemed reasonable that the endophyte might
require an exogenous carbon source from |ts host to maintain adequate
reductant levels for high nit s& activity., While sucrose or a
metabolized product of it to be a Tikely candidate [21], we had no
evidence for this being the case.

In a related but separate series of studies, soluble carbohydrates in
boiling water extracts were analyzed from the association, endophyte-free
Azolla, and the Anabaenn {solated from the leaf cavities flﬂ]- A series of
ﬂl involving centrifugation, 0.45: Mi11ipore and Amicon PH-10 diaflow

rane filtration and desalting on a Bio-Rad ADLI1AS fon retardation column
wire employed to obtaln thres fractions which corresponded to
polysaccharides, ol igosaccharides and mone- and disaccharides based on
their elution profiles from a Bio-Gel P-2 column. Thealditol-acetats [39]
derivatized sugar residues of the hydrolzed nutfn:mrm fractions were
consistent with its containing primarily solubilized cell wall componants,
while the hydrolyzed oligosaccharide Fractions were greatly enriched in
glucose residues and considered to be comprised primarily of starch and/or
[ glymrn-'lin compound,  Mano- and disaccharide fractions were analyzed
by GLLC following both the alditol-acetate derivatization procedure and as
the TMS-cxime derivatives using the general procedure described in Pierce
Catalogue, Method 18. FResults obtained for the THS-oxime derivatized mono-
and disaccharide fraction from ml:z-nm assocfatfon and the endophyte
isolated from it are shown in Figure®3 a and b, Al though N0y SUCTOSE
synthedis had been detected in the endophyte during the 10 min time
course studies [21], sucrose accounted for approximately 50% of mang-
and disaccharide fraction of the fsolated endophyte. While this result
suggested that the endophyte might receive sucrose from the fzolla,
it was)gnecessary to exclude the possibilities that: a 10 min time course
with r.% was not long enough to enable the detection of sucrose
synthesized” fn the endophyte; and that the hair cells lining the lsaf
cavities and occurring in the endophyte preparation [12] were the source of
the sucrose, Subsequently, the halr cells were removed without, any
sppreciable loss of sucrose in the endophyte preparations and
course studies of up to 90 min with the isolated endophyte, employihg
2-dimensional chromatography and autoradiography of the soluble fraction at
15 win intervals, revealed no sucrose synthesis by the nnﬁﬁyu.

In order to demonstrate the transfer of sucrose from t Am]u“phnt
to ic + the association was given a pulse o
(0.5 to 2 min) and t was Isolated rapidly at intervals 14
throughout an air chase (60 to 120 min). In these studies the total 1°¢ in
the, association decreased slightly during the air chase,, probably due
to , loss through respiratory processes. However, the L 'C-labal in

yte fraction increased, fndicating a transfer of fixed carbon

the en
from the Azolla to the Anabaena.

time
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Flgure 3a,b. Chromatographic analysis of the TMS-oxime derivatized mono-
and ?:s-::cha:: Fmtinﬁ from: Ea]‘ﬂm :l‘dg}-ﬁn Azolla .
cargliniana- dena azol lae assoclation; Lthe ani}p
Tsolated Trom the association. o

Athough the 4c-1abe1 In the ethanol soluble fraction of the
enda fsolated from the Azolla during the chase was Tower than that in
the 14 nsoluble material, which s the reverse of that obtained with
the time course studies on the isolated endophyte, Z-dimensional
chromatofraphy and autoradiography, along with elution and rechrosutography
with sucrose standards at the lﬁl‘md 90 min chase Intervals, conclusively
demonstratad the appeavance of °'C labeled sucrose in the b
Thus, we fee] quite confident in concluding that sucrose is cross-fed from
the Azolla to the Anabaens in the association. A detalled account of these
results Ts fn preparation, Current activities include autoradi of
sectioned material in an attempt to ascertain the paths of carbon Tlow in
main stem sxes and analysis of invertase activities in the Azolla and the

Anabaena,
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