AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY

WASHINGTON, D, C. 20823

BIBLIOGRAPHIC INPUT SHEET

A PPRUIAAR Y

L SURJECT Agriculture
CLASSI.
FICATION

4, SFCUIDARY
General Agriculture
2, TITLE AND SUBTITLE
Refractive spherules in phloem of Microsorium scolopendria and Psilotum nudum

3. AUTHORIS)
Sakai, W.S.; Lamoureux, C.H.

4. DOCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMBER
1973 9 pP. ARC

7. REFERENCE ORGANIZATION NAME AND ADDRESS
University of Hawaii, Department of Agronomy and Soil Science, College of
Tropical Agriculture, Honolulu, Hawaii 98622

8, SUPPLEMENTARY NOTES (Sponeoring Organization, Publishers, Availability)
(In Protoplasma, v. 77, p. 221-229)

9. ABSTRACT

Phloem tissues of Microcorium scoiopendria (Polypodiaceae) and Psilotum nudum
(Psilotaceae) were examined with Tight and eTectron microscopes. The characteristic
refractive spherules in the sieve elements of M. scolopendria apparently develop
from endoplasmic reticulum-derived cytoplasmic vesicles. Tn both taxa they have

not been observed to be related spatially to plastids or mitochondria. Refractive
spherules contain protein and often occur in the peripheral cytoplasm of mature
sieve elements, In M. scolopendria they also occur in pericycle cells. Significant
differences in refractive spherule substructure occur between the two taxa studied.

10, CONTROL NUMBER 11, PRICE OF DOCUMENT
PN-AAC-365

12, DESCRIPTORS 13, PROJECT NUMBER
Electron microscopy Spherulties
Phloem 14, CONTRACT NUMBER
Plant tissues csD-2833 211(d)
Refractivity 18, TYPE OF DOCUMENT

ATD 690+1 (4074)



Protoplasma 77, 221—229 (1973) PN-AAC -3EH

© by Springer-Verlag 1973

Refractive Spherules in Phloem of Microsorium scolopendria
and Psilotum nudum

WiLLiam S. Sakar and CHarLes H, LAMOUREUX

Department of Botany, University of Hawaii, Honolulu, Hawaii, U.S.A.

With 10 Figures
Received December 22, 1972

Summary

Phloem tissues of Microsorium scolopendria (Polypodiaceae) and Psilotum nudum (Psilota-
ceac) were examined with light and eclectron microscopes. The characteristic refractive
spherules in the sieve elements of M. scolopendria apparently develop from endoplasmic
reticulum-derived cytoplasmic vesicles. In both taxa they have not been observed to be
spatially related to plastids or mitochondria. Refractive spherules contain protein and often
orcur in the peripheral cytoplasm of mature sieve clements. In M. scolopendria they also
occur in pericycle cells. Significant differences in refractive spherule substructure occur
between the two taxa studied.

1. Introduction

Sieve clements of vascular cryptogams characteristically contain refringent
granules termed refractive spherules. These spherules were reported to be
pectic in nature (STiLes 1910), mucilagenous (HuMme 1912), or proteinaceous
(Janczewskr 1882, TErLETZKI 1884, THOMAE 1886, BoopLE 1901, LAMOUREUX
1961, Esau 1969). Janczewskr (1882) reported that they did not stain with
osmium and were not lipoidal. Maxe (1964, 1966) described their appearance
in the elcctron microscope as electron opaque spheres enclosed by a single
membrane,

It has been suggested that refractive spherules arc plastids, similar to the
protein-containing monocotyledon sieve element plastids (STrRAsBuURGER 1891,
PerroT 1899, BEHNKE 1965, 1969). However, these suggestions are based
on the similarity of staining rcaction and appcarance under the light micro-
scope. Recently, refractive spherules have been related to the endoplasmic
reticulum in origin (LisgrMAN-MaAxXe 1971). This study was initiated to
describe the fine structure of refractive spherules and to trace their develop-
ment,
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2. Material and Methods

Samples 2.5 mm in length were taken from rhizomes of Miciosorium scolopendria (Burm.)
Copel. and aerial stems of Psilotum nudum (L.) Griscb. by simultaneous cuts at both ends,
Immediately after cutting, the samples were placed in formaldehyde-glutaraldchyde fixative
(KarNovsky 1965) and aspirated for 10 minutes. Center portions of the samples were
then cut into 1 mm cubes and fixed for an additional 4 hours in fresh fixative at about 0°C,

Figs. 1 and 2. Thotomicrographs of cells show-
ing refractive spherules in Microsorium and
Psilotum. Fig. 1. Refractive spherules in
Microsorium, stained with mercuric brom-
phenol blue, occur as dark spots near walls
of sieve elements (arrows). Endodermis (£n)
and pericycle (Peri) occur to lower left.
X1,200. Fig. 2. Refractive spherules in
Psilotum stair.ed with mercuric bromphenol
blue (arrows). Endodarmis (En) is to upper

.

SRS | right. A pericycle is lacking. X 1,200

Samples were washed with three changes of 1/15M phosphate buffer (pH 7.2), post-fixed
2 hours in 2% osmium tctroxide in phosphate buffer at about 0°C, washed with three
more changes of buffer, dehydrated with EtOH, and embedded in epon. Thin szctions
were obtained with a diamond knife in a Sorvall—P’orter Blum MT-2B Ultramicrotome
and were placed on bare copper grids. Sections were stained with lead citrate (ReynoLps
1963) and 2% aqucous uranys acctate. They were viewed and photographed with a
Philips EM-75 (Fig. 5) and a Hitachi HS-8-1 clectron microscope of the St. John Plant
Science Laboratory Electron Microscope Facility., Thick sections of 6% glutaraldehyde fixed
marterial and free hand scctions of fresh material were also subjected to a variety of
histochemical tests as described below.

Figs. 3 and 4. Electron micrographs showing organelles in sicve cells of Microsorium. Fig. 3.
Refractive spherules (1), endoplasmic reticulum (er), and dictyosomes (d) in developing
protophloem sieve ccll. X 14,000. Fig. 4. Dictyosome vesicles (dv), plasma membrane (pm).
refractive spherules (1), plastids (p), and mitochondria (m) in developing metaphloem sieve
cell. X 36,000
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3. Observations

The refractive spherules of M. scolopendria vary in diameter from 0.1 to
0.6 um. The average size from 50 measurements was 0.35 pm. In mature
sieve clements they occur predominantely in peripheral regions of the cell
(Fig.1). Histochemical tests of these sphercs with Sudan IV for lipids,
ruthenium red stain for pectic substances, and the periodic acid-Schiff’s base
reaction for polysaccharides (JENSEN 1962) were negative. A weak osmium
reaction is probably with the proteins which are casily detected with the
mercuric bromphenol blue (Mazia, BREwer, and Avrery 1953) reaction
(Fig. 1).

In the electron microscope the refractive spherules appear as electron dense
regions surrounded by a single membrane. During development the mem-
brane may appear irregularly shaped (Figs.4-6). The clectron dense core
appears granular and in most observations is spherical in shape (Figs. 3-6).
Irregularly shaped cores were observed, but not shown, in young metaphloem
sieve elements and they occurred only infrequently.

Plastids, mitochondria, and dictycsomes have not been observed spatially
associated with the developing spherules (Figs. 3-6). In most cells refractive
spherules appear in association with the endoplasmic reticulum. In some
sections the membrane surrounding the refractive spherules appears continuous
with the endoplasmic reticulum (Figs. 5 and 6). During development refrac-
tive spherules may occur throughout the cell (Figs. 3-5). However, in mature
sieve elements they are almost entirely restricted to the peripheral cytoplasm
and occur in greater numbers in regions adjacent to the pores (Fig. 9).

Mature refractive spherules of protophloem and metaphloem appear similar
in structure. They are composed of an electron dense spherical core with
a single surrounding membrane. The core may be crystalline; however, no
distinct crystalline arrangement has been observed. Refractive spherules which -
are present in pericycle cells differ from above: they appear as clectron densc
regions bounded by a single membrane (Figs. 7 and 8), but the core is often
not entirely spherical and is less electron dense than those of sieve ele-
ments. .

The refractive spherules of P. nudum are larger than those in M. scolopendria.
They range in diameter from 0.5 to 2.0um, with the average size, for

Figs. 5-8. Electron micrographs of refractive spherules in Microsorium. Fig. 5. Immature
metaphloem sieve clement. Refractive spherules (r) are associated with the endoplasmic
reticulum (er), but not with plastids (p) or mitochondria (m). Dictyosomes (d) and lipid
droplets (L) arc also present. X16,500. Fig. 6. Scction of maturing metaphloem sieve element
showing association between refractive spherules and endoplasmic reticulum (arrows).
% 30,000. Fig. 7. Refractive spherule in pericycle cell. Protophloem is mature at this stage.
% 27,000. Fig. 8. Refractive spherule in pericycle cell. Metaphloem is mature at this stage.
X 45,000
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50 measurements, 0.8 pm. There also appear to be fewer refractive spherules -
per sieve clement in P. nudum and scctions as in Figs. 2 and 10 with few
refractive spherules are frequently observed. Results of histochemical tests
of these spherules were identical with those for M. scolopendria, with a strong
positive reaction for the mercuric bromphenol blue test for proteins (Fig. 2).
The refractive spherules in P. nudum appear to have a halo of less electron
opaque material surrounding the clectron dense core (Fig. 12). 'This type of
structural arrangement of the core has not been observed in M. scolopendria.
The devclopmental relationships of refractive spherules to the endoplasmic
reticulum was not cstablished for Psilotum. However, they have never been
observed spatially related to plastids, mitochondria, or dictyosomes.

4. Discussion

The refractive spherules in M. scolopendria and P. nudum do not appear
to be spatially related to plastids, mitochondria, or dictyosomes. In M. scolo-
pendria they appear to develop from specialized regions of the endoplasmic
reticulum. This finding is in agrecement with LIRERMAN-MAXE (1971) who
described the development of refractive spherules from dilated tips of endo-
plasmic reticulum in Polypodium wnlgare. The refractive spherules in
M. scolopendria arc also similar in structure to those of P. wulgare which
is in the same family, Polypodiaceac. Refractive spherules and monocotyledon
sieve element plastids do not appear to be related. However, structures
observed in leptoides of Polytrichum (Hesant 1970, Esau 1969) may be
similar.

Tt appears that refractive spherules may differ in substructure among the
taxa. Indecd, the refractive spherules in Psilotum are different from those
of Microsorium. Further study of refractive spherules of different taxa may
reveal further differences among the vascular cryptogams and mosses. How-
ever, the basic structure of an electron dense core enclosed in a single unit
membrane will probably be constant.

Refractive spherules are probably not homologous to phloem protein. How-
ever, it appears significant that all phloem sieve elements contain a protein
‘0 cither the fibrillar form (angiosperms, gymnosperms) or a spherical form
(vascular cryptogams). In angiosperms, spiny vesicles appear to be related
to phloem protcin development (NEwcoms 1967, CRONSHAW and Esau 1968,

Figs. 9 and 10. Electron micrographs of refractive spherules in Microsoriwm and Psilotum.
Fig. 9. Refractive spherules in pore region between two mature sicve cells of Microsorium.
% 50,000. Fig. 10. Sieve cells of Psilotum nudum with open pores. Note refractive spherules
(r), mitochondrion (m), plastid (p), and cell wall (w). The plastid contains a granum.
% 16,000. Fig. 104. An enlarged area of Fig. 10 showing a refractive spherule under higher
magnification. Note the difference in structure of this refractive spherule from those shown
in Fig. 9. 360,000
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Steer and Newcoms 1969, Esau and GiLL 1970 a). However, this relation-
ship may not always be consistent (Esau and GiLL 1970 b). The spiny vesicles
may arise from dictyosome vesicles (NEwcoms 1967, CronsnAaw and Esau
1968) or possibly from the endoplasmic reticulum (NEwcoms 1967, StEER
and Newcoms 1969). WoobinG (1969) has also observed P-protein within
the endoplasmic reticulum. The relationship between refractive spherules
and the endoplasmic reticulum in Microsorium and Polypodium (LIBERMAN-
Maxe 1971), in all probability, merely reflects a similar process of protein
synthesis related to the endoplasmic reticulum. If the refractive spherules
in Microsorium, Psilotum, and Polypodium correspond to the phloem proteins
of higher plants, they obviously assume a different form.

Acknowledgements

Parts of this paper were submitted by the senior author as part of a disscrtation to the
Graduate Division of the University of Hawaii in partial fulfillment of the requirements
for the Ph. D. degree. The study was supported in part by a National Defense Education
Act Title IV Predoctoral Fellowship and a University of Hawaii Intramural Research Grant
to one of us (W.5.5.). We thank M. O. Mares for critically reviewing the manuscript.

References

Besnke, H.-D., 1965: Uber das Phlocm der Dioscoreaceen unter besonderer Beriicksichtigung
ihrer Phloembecken. I1. Elcktronenoptische Untersuchungen zur Feinstruktur des Phloem-
beckens. 7. Pllanzenphysiol. 53, 214—244,

— 1969: Die Sicbrohren-Plastiden der Monocotyledonen, Planta 84, 174—184,

BoooLe, L. A., 1901: Comparative anatomy of the Hymenophyllaccae, Schizacaceae, and
Gleicheniaceae. 111. On the anatomy of the Gleicheniaceae. Ann. Bot. (London) 15,
703—747.

CRrONsHAW, J., and K. Esau, 1968: P-protein in the phloem of Cucnrbita. 1. The devel-
opment of P-protein bodies. J. Cell Biol. 38, 25—39.

Esau, K., 1969: The Phloem. Handbuch der Pflanzenanatomie. Band V, Teil 2. Berlin:
Gebriider Borntracger.

— and R. H. Gut, 1970a; Observations on spiny vesicles and P-protein in Nicotiana
tabacum. Protoplasma 69, 373—388.

— — 1970 b: A spiny cell component in the sugar bect. J. Ultrastrnct. Res, 31, 444—455,

Hésant, C., 1970: Aspects infrastructuraux observés au cours de la différenciation
du phlotme (leptome) dans la tige feuillée de quelques Mousses Polytrichales. C. R.
Acad. Sci. 271, 1361—1363.

Hume, E. M., 1912: The histology of the sieve-tubes of Pteridium aquilinum, with some
notes on Marsilea quadrifolia and Lygodium dichotomuin. Ann. Bot, (London) 26,
573-—-587.

Janczewski, E. pe, 1882: Ltudes comparées sur les tubes cribreux. Ann. Sci. Nat. Bot,
Ser. 6, 14, 50—166.

Jensen, W., 1962: Botanical histochemistry. San Francisco: W. H. Freeman and Company.

KarNOvsky, M. J., 1965: A formaldchyde-glutaraldchyde fixative of high osmolality for
use in electron microscopy. J. Cell Biol. 27, 137 A.

Lamoureux, C. H., 1961: Comparative studies on phloem of vascular cryptogams. Ph. D.
Diss. Univ. Calif. Davis.



Refractive Spherules in Phloem of Microsorium and Psilotum 229

LisERMAN-MAXE, M., 1971: Etude cytologique de la différenciation des cellules criblées
de Polypodium vulgare (Polypodiacée). J. Microscopie 12, 271— 48,

Maxe, M, 1964: Aspects infrastructuraux des cellules criblées de Polypodium wulgare
(Polypodiacée). C. R. Acad. Sci 258, 57015704,

— 1966: Frude de la dégénérescense nucleaire dans les cellules criblées de Polypodium
wvulgare (Polypodiacéc). C. R. Acad. Sci. 262 2211—2214.

Mazia, D., P. A, Brewer, and M. ALFERT, 1953: The cytochemical staining and measurement
of protein with mercuric bromphenol blue. Biol. Bull. Mar. Biol. Woods Hole 104,
57—67.

Newcoms, E. H., 1967: A spiny vesicle in slime producing cells of the bean root. J. Cell
Biol. 35, 17—22.

Perror, E., 1969: La tissu criblé, Paris: Librarie Lechevallier.

RevnoLps, E. S., 1963: The use of lead citrate at high pH as an clectron-opaque stain in
electron microscopy. J. Cell Biol. 17, 208—212.

Steer, M. W, and E. H. Newcoms, 1969: Development and dispersal of P-protein in
the phloem of Colens blumei Benth. J. Cell Sci. 4, 155—16"2,

StiLes, W., 1910: The structure of the acrial shoots of Psilotum flaccidum. Wall. Ann. Bot.
(London) 24, 373—387.

STRASBURGER, 1891: Uber den Bau und die Verrichtungen der Leitungsbahnen in den
Pflanzen. Histologische Beitrige. Heft I11. Jena: Gustav Fischer.

TerLeTzkr, P, 1884: Anatomie der Vegetationsorgane von Struthiopteris germanica Willd,
und Preris aquilina L. Jahrb. wiss. Bot. 15, 452—-501.

Tuomag, K., 1886: Dic Blausticle der Farne. Ein Beitrag zur vergleichenden Anatomie.
Jahrb. wiss. Bot. 17, 99—161,

Woobing, F. B. P., 1969: P-protein and microtubular systems in Nicotiana callus phloem.
Planta 85, 284—298,

Authors’ address: Dr. WiLLiaM S. Saxas, Department of Agronomy and Soil Science,
College of Tropical Agriculture, University of Hawaii, Honolulu, HI 96822, US.A.

Protoplasma 77/2-8 16



