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The uhrastructure of root nedules of the Addar alder, Alnus nitids. re
menta! stages of the endophvie (Frankiz sp.} inside the nodul cmble with ol
Alnus spp., and with pure cultures of Frankia swains solated from the same plont. The young
the endophyie shows hyphae which penetrate the cell wall of the covtical cells and establish in the
centre of the cefl as ramilied mass. The ends of ihe hyphae near the periphery of the h 1
swollen to Torm sphevical vesicles. The mature vesicles are septate, sach compa
nuclear material. Yoid areas are present around the vesicles. An upper layer and a basal foose
the vesicle cell wall have been found inside the veid area. The plant nucleus is char
double porous membrane at the periphery. Concentrations of mitochondris sre present near 1l
vesicles, suggesting a close association beiween the endophyie and the host. The possible lunetion of
axygen s
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the capsular material surrounding the wvesicles for the protection of aitorgenase zgainst

discussed.
A. nmitide nodules, in contrast o pure cultures of Frankie isolates irom the nodules, are spore-
negative, suggesting that spose formation is affecied by the host plant.
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hizal plants, particularly dlnus, Myrica and Ceanothus consist of more than one species,
one has to be careful in drawing general conclusions.

In Ainus most structural studies ave restricted to 4. gleitnosa {Becking er i,
1964; Gardner, 1965; Gourret, 1975; Lalonde, 1979; Dijk & Merkus, 1976) and 4. crispa
(Lalonde & Knowles, 1975a; 1975b; Lalonde et al, 1976; Lalonde & Quispel 1977).
the alder species from Western Europe and Noith America. Since information is lacking
about Alnus species which are native to Asia, a study of actinorhyzae of A. niride from
Pakistan has been made. In the present paper a gencral description of the ultrastructure
of these nodules and its endophyte inside the nodules has been presented.

Materials and Methods

Alnus nitida seedlings were raised from seeds and inoculated with crushed nodules
of A. nitida, collected {rom Swat, Pakistan. The plants were cultivated in liquid culture
in a greenhouse at 209C (Hafeez er al, 19844, b). Excised nodules were cut into small
pieces and fixed in 3% glutaraldehyde in 0.05 M potassium phosphate buffer {(pH 6.8) for
4 hours at 27°C. Fixed specimens were washed with phosphate buffer for overnight. and
subsequently fixed in buffered OsG, for one hour After washing for 20 mu in phos-
phate buffer, the fixed samples were passed through s dehydration series of ethanol in
distilled water (10 to 100%; two times for 10 min each) followed by propylene oxide for
25 min. The samples were embedded in Epon 600 resin {2 -] mixture of propylene
oxide and epon. for one hour; subsequently in o §:4 mixture {or 24 houwrs and finally
in 100% epon for 4 days). The epoxy resin capsules were polvmerized for 24 hours
at 35°C, 48°C each. The blocks were cut at 500 A. Sections were stained with uranyl
acetate and lead citrate and examined with a transmission electron microscope (Philips
EM 200).

Results

The ultra thin sections of 4. mitida root nodule infected cortical cells reveal that
the endophytic hyphae are located in the cell cenire and the vesicles near the cell wall
(Fig. 1). The hyphal form of the endophyte is highly septate and branched, diameter of
the hyphae 0.5 — 1.0 um (Figs. 1,2), hyphal septum continuous with the endophyte cell
wall. The hyphal cytoplasm is rich in nuclear material and ribosomes. A nuclear mem-
brane is lacking. The hyphae are surrounded by an electorn-dense capsule of variable
thickness. A host membrane envelope separates the hyphal capsule from the host cytop-
lasm. The penetration of the hyphae in the cortical cells is through the host cell wall
(Fig. 3). In the centre of the cortical cell. the hyphae form a thick mycelial mass. After
intensive spreading in the living host cell, the ends of the hyphae become swollen 1o form
vesicles near the host cell wall (Fig. 6). In voung vesicles. the cvtoplasm is continuous
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Fig 2. TEM of septate (se) hyphae ()i} in the centre of the corrical cefl. he endophyte i3 surrounded
by electron dense capsular material (€} and a membrane envelope rmer. Ribosomes 1r) and
nuclear material (nu) we vigible In the hyphal cyioplasm. Sepiate vesicle (v void area fval.

bodies and mesosomes are occasionally observed in the vesicles. Eacl vesicle s surroun-
ded by a capsule and a hosi membrane envelope. The void area formed by rhe shuinkage
of the vesicle cell wall from ity encapsulation materal » apparent 1he upper louse layer
and lower basal layer of the vesicle cell wall are seen in ihe void area (1w, 5y, Thevoud
area which surrounds the entire vesicle sowmetimes seens o extend along the parental
hypha (Fig. 6). The puciens in the howt corvical cells b pounded By a povous nuclear
membrane (Figs. 143 Groups of mitochondria are focated w close viewuty of the vesicles
{Figs 3.4.61.
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tie, 30 TEM of 4 awvisde root nodule showing the penetration of the host celf wall (how ) by hyphae
(hy of the cadonhyte. Septate vesicles tvy wirh waclear materas «nws: mitochoundria tm). elec
tron dense capsde (o). membrane euvelope tme) and voud ares tva,.
The third stage of the endophyie Le.. sporangum formation. was not observed m

the present study.
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Fig. 4. TEM of three adjacent cortical oriis wih invercelluias ipace (181 Cortical vells show « nucleus
() surrounded by a porous auclear wembrone (wm). Note the matochondria (my m <lose
connection with the vesicles ivy, The vesicles are 3g

vare {521 o0 show muclear material (nwd

in each comparrent, Void area (vae. chpselar matersal 1oy host membrane envelope (me).

diameter. The pvphal form exhubis granelar cvtoplasm, branching, s non-membrane
bound nuclear matenal and sepua The sive and Yne sotactuee of the by phae w 4. niride
nodules are similar t0 the endophvies ©om othe déne spp. (Booking o al. 1964,
Gardner, 1965, Lalonue & Krowles, 70 b Lalonde & Caispel, 1977y
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cell wall. Fhe invasion of the host cetl by ine endophvie is 2 wrples process The phe-
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Fig. 5. TEM svction of a marure vesicle howe rhe upper wose layer 1uly of Jhe ve acly cell wall in 1ac
void area {va). Septurn (sel. nuclear marterial (nu) riboscnes o) and basw taver (bl o the
vesicle cell wall,
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the bost ceil The endophyie is surrounded hy a dense caopsular marerisr and & host
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izatner, 19731 Gainer & Gardner, 1970}, Torrey & Callaham (1982) reported thal the
vesicles in the freeliving Frankio spp. are surrounded by a multilaminar envelope which
extends along the parental hyphae. They suggested thar the void area around the vesicle
is due to dissolution of the lpid laminae during transmission el
methods (Laloade er al, 1976; Torrgy & Callaham, 1982}, Similar wmultilayercd halo or
envelope was also oberved around the vesicles of freeliving cultures of Frankia spp.,
isolated from roov nodules of 4. nitids (Hafeez er g, 1984a). No such void
observed around the visicles of the endophyte in root nodules of Darisca cannabing
(Akkermans et al,, 1984; Hafeez er al, 1984; Hafeez er g, 1984¢). Thus these void areas
may not necessarily be an artifact of transmission elecuon microscopy. It Is possible
that the hale area around the vesicles in Alnus-type nodules other than Datisca and
Coviaria spp. (Akkermans & Houwers, 1983; Hafcez ef al, 1984¢), may be the part of
the vesicle structure. Uptil now there is no successful cross inoculation reports on Dafisea
or Corigria and Alniss spp., and they can be placed as {wo distinet and difterent groups
in Frankia.

wetorn microseopic

rea has been

The presence of multilaminated layers avound the wesicles in pure culture of
Frankia have been compared with the inner most layer of heterocysts of Anabaena sp.
{Torrey & Callaham, 1982}. The envelope around the vesicle may protect the nitrogenase,
which probably is present inside the vesicle, against oxygen. The absence of such struc-
tures in vesicles of Deatisca and Covriaria spp., root nodules can be explained on the basis
of their pattern of orientation within the host cell. The vesicles in Dusisca and Corfaria
spp., root nodules are directed towards the cenire »f the cortical cell and are compactly
packed (Calverl ef al., 1979; Akkermans cf al, 1984 Hafeer o1 al, 1984 Hafeez er al,
1984¢). The mitochonodria are present in between rhe hyphae and there may be low
oxygen tension in the vicinity of the vesicles dus to respiration of the host and the
endophyte. Therefore it is likely that in Dafisca and Corlaria no additional prorection of
nitrogenase against oxygen is needed {Hafeez er @, 1984c) In Alnus root nodules,

however, the visicles are loosely arranged near the periphery of the host cell and the
mitochondria are in close connection with the wvesicles. Thus the vesicles may need
some kind of protection of the nitrogenase against oxygay,

Acknowledgements

The authors thank Miss E. Bouw and Mr. ¥ Tiel, Technical and Physical Enginee)
work was supported by the United States Department of Agriculiure under PL-480
programme grant No. FG-Pa-347 to the Quaid-i-Azam University, Islamabad by United
Nations Development Programme (Project PAK 77/010) and by the Agricultural Unier-
sity of Wageningen.



10 [ AUZIA HAFEEZ et al

References

Akkermans, A.D.L. and A. Houwers., 1983, Morphology of nitrogen fixers in forest ecosystems, L
Biological Nivrogen Fixarion in Forest Feosysiems. (Bds.y J.O. Gordon and C.T. Wheeler.
Martinus Nijhott/Dr W Junk Publ. The Hague, pp. 7-53.

Akkermans, A.D L., F. Hareez, W. Roelofsen, A H. Chaudhacy and R. Baas. 1984, Ulirastructure and
nitrogenase activity of frankiz grown in pure culture and in actinot

rhizae of Adnws, Collerin
and Darisca spp. lu: ddvances in Nitrogen Fixarion Research (Eds) O Veeger and W.E.
MNewton, Martinus Nijhoff/Tyr W Junk Publ., The Hague, pp 311 319,

Backing, JH.,, WE.D. Boer and AL, Houwink. 1964, Tlectron microscopy of the endophyte of
Alnus glutinosa. Antonie Ven Lecuwenhock J. Microbiol. Serol 30 343.376.

Bengon, D.R. and D.E. Eveleigh, 1979. Clirastructure of the nitrogen fixing symbiont of #fvrice
pensyfvanica . (Bayberrv) root nodules. 8or Gaz., /40: 515-521.

Bhopal | F.G. and M.N. Chaudhri, 1977, Flora of Pothabar and akjoining areas. Part {1, Causarinaceac
to Polygonaceae. Fuk. Systematics, | 1-98,

Callabam, D,W Newcomb, J.G. Tocrey and R.L Peterson. 1979, Root hair infection in actinomycete-
induced root nedule inhibition in Casuaring, Myrice and Compionia. Bor. Gez.. {40: 1 9.

Calvert, H.E., A.H. Chaudhary and M. Lalonde, 1979, Structure of a
in a non-eguminous herbaceous dicotyledon. Lt 55

unusual root nodule symbiosis

loric Vitroges Fixation in ihe Manage-
menr of Temperat, Forests, {(Uds)y 1O, Gos
Oregon, USa. pp 47447

cler and D A Perry. Covvallis,

Chandbary, A, S.N. Khokhar, Y. Zalw and F s

angiosperms of Pakistan. Plans & Sodl, 67: 341-344,

1981, Sctinomy cetous rfol nod

Dijk, CV and ¥, Merkus. 1976, A microscopic study of the developrent of a spare-like stage w the
life eycle of the root-noduie endophy te of 4fnus ghitinose L. New Phvtol, 77 1391,

Garduer, 1O, 1968, Observations on the fine structure ot the end
glurinosg (1.} Gaerin. Arch Mikvobiol, 51. 365383,

vie of the rout nodules of 4lnus

Gardner, 1.C. and E.M.S. Gatner. 1973, the formation of vesicles in the development eycle of the

nodular endophyte of Hippophae rhamnaides L. Arch. Mikrobiol, 86 233-196.

Gourret, J.P. 1975, Une etude wlmastructurale comparative des mycoplasmes phy topathogenes, des
bacteries des nodules racinares et des plasters. IJ. Se Thesis. University of Rennes, France.

Hafeez, F., A.H. Chaudhary and A.D.L. Akkermans. 1984. A comparative account of root nodules of
Datisca cannabing and Alpus nivide from Pakistan. Ya: ddvences in Nivogen Fixarion Re-
search. (Fds.) C. Veeger and W.E. Newton. Martious Nijhoff/Dr W Junk Publ., I'e Hague,
p 372,



FINE STRUCTURE OF ENDOPHYTE IN ALNUS NITHA il

. Alkkermans a E AM.
of W }'M,mu isolates An 1 and Ar 2 fovm root nodales
{in press)

haudhary, la. Morphology, phvsiclogy and infectiity

o Alviy nivida Plant & Sedl 78

Tafees, U, AH. studties on M
nodules o
Proc. Work

K. Huw-Denetl and J.0, Tiepkema.

ixing roo:

wdbary and 4050, Aldkeraans. i
. co cannebing Loand Alvus niz AL Frong himjhiy& fopon in Pakistan fn:

fiop on Frantdy Symbioses.

Hafeez. b., AD.L. Akkermans and A,
Frankie sp o root nodules of Datiscq cannabing (. Plany & Soif 75:

dhary. 1984¢, Ubservstions on the uliastruciure of
{in pro

racinaires d’

gucturale ce 1 endophyie present Jans ies noduies
o L. Bull. boc Bor, 3 7174,

Lalonde, M. and R. EKnowles. 19754, Ultrast
material surrounding the endophyte n Alnuy crispe var. mollis Fem root nodul
Bor, 53 1951-1971.

reture, composition and biogenesis of the encapsulation

es, Can, J.

Lalonde. M. and R. Knowles. 1975 Ultrastructure of the dlmus erispe var mollis Fern, Root nodule
endophvie. Can, J. Microbiol., 21 1058-1080.

Lelonde, M., R. Koowies and L.W. Devoe, 1976, Absence of “void M«—%a” i [reepe-at hc vesicles of the
Biod, 1017 263-267

Alnis crispa var. moliis fern, root nodule endophyte. droh. Macro!

Lalonde, M, and A, Quispel. 1977, Ultrastruciural and unymunclogical devonstration of the nodulation
of the Luropean Alnus glerinose 3 & by the North Aomericap ddns « :

cmollis Fem, root nodu

falonde, M 1979, Lo

dlnus ghe
o

nosy (L)) i

Gexp EOR Ore © Hoen Gag., 1

sir and 5.4 sk

Mewenmb, W., P.L Petewson, i < S S Torrsy, 1978 Streciuwre and ho

interasdons o de Ao,

root poduics

Seranag, . and W M. Laetsch, 19772 Cell and endopbyie structure of the nitrogen-fi-ung
of Ceanortues inrtegerrimus H. et A, 1. Fine structure o the nodule aod its ondosy mblont.
Proromplosimag, 93 165-174,

Strand, ®. and WM. Lactsch. 1977h. Cell and estophyte structare o the nhrogen-fixing root nodules
of Ceanen errpmus oot &4 Progress of ihe endophyte into yoong cells of the
growing nodule, Pr

ofoplesma 93 179190

Torgey, 1.G. and . Callahare, 1982, Structural features of the vesicle of Franiig sp. Cpll in cunt
T J. icrobiod., 28: 74 7

Job





