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ALthough interest in the occurrence, ,behavior, and structure of sFhero- 
seines in plant  cells has increased recently,  they remain an enigma. A decade 
ago they were subjected to fa i r ly  intensive inv,estigafi.on ]3y light, .phase 
eontras.t, and fluoresc.ence micros,copy (P ,e r n e r 1952, 1953, P e r n e r and 
P f e f f e r k o r n  1953, D r a w e r t  ,1953, S o r o k i n  1955,a, 195513, 1956, 
S o r .o k i n and S o r o k i n 1956, G u t z 1956), which vsta'blished some .of ihe 
funda.men.tal propert ies  of spherosomes. In most cells ,of higher plants, these 
spherical cytoplasmic bodies are con spic~ou.s for their  a]3undanee and r~apid 
moti.en. They  mea, s~lre s.ome 0.7-0.9]z .in diameter.  In phase ~mi.crosco,py 
ef ]ivirrg cells, the spherosome ,attracts attenti, on b y  ~a~p,pearing a l ternate ly  
as a .dark ~b.ody surrounded ]3y ,a halo, and as a light ~body surrounded ]3y 
a da rk  rim. The his tory of previous ,o]3servatiorrs on thes,e I]3odies, and of 
the evolution.of the terminolngy, has been reviewed .by P e r n'e r (1955,1958), 
W i l d m a n  and C o h e n  .(1955), S t e f f e n  (11955), D a n g e a r d  (1956), 
B a u t z .(1956), and M i 1 o v i d o v (1964). Addition,al information .on sphere- 
seines has ]3.een .obtained ,]3y c inematography (H o n d a, H o n g 1 a d a r o m, 
and W i l d m a n  196d~, M a h l b e r g  and u  1963), Joy 
phase and anop4ral contrast  (U r 1 ,196~ a, H,o 1 c o m b, H i 1 d e ~b r a n d t 
and E v e r t 1965), and ul traviolet  light microscopy ,(U r l !1964 b). Never-  
theless, little is k.n.own of the f:un.ctions o~ ,sp'hero:somes. One of ihe put.poses 
of this s tudy ~as ]3een to a.cquire new information on the ,physical and 
chemical pro,perties of spherosomes, .on their distribtrti.on and ~ehavi.or in 
living cells, and on the changes that  occur in them when ~he cell dies, either 
na,turally, or af ter  che~mical fixation. Becau~sie the sphero somes have .often 
been considered, to Joe lipoid inclusions, special a tten,tion has ibeen given to 
their affinities for various stains. 
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While ,spherosomes are ,easily ,seen in living cells studied 1by light 
mi.crosoopy, they haYe not been identified with cer ta in ty  in electron micro- 
graphs. Electron mi'croseopis,ts have not agreed which of ,the cytoplasmic 
bodies represents the spherosome (H o h 1 t960, D r,a w e r t and M i x 1962, 
19'63, P e v e 1 i n g 1962, F r e y - W  y s s 1 i n g e t  al. 1963). A ,second aim of 
this s tudy .has .been to pr.ovide a sound Lbasis for ,identificati, on of s,phero- 
seines in electron "microseopy through selection of material  tha t  contain,s an 
unusu, al abundance .of spherosomes and through observati,on of sphere- 
seines dur ing all stage,s of 'preparat ion for electron microscopy. 

Materials and Methods 

The epidermis 'from the lower .side o,f the rose,tte leaves of Campanula 
persicifolia L. was the ~principa] ,ma~terial ~ised in this s'tudy. It  is well 
suited to the ~study of living ceclls beca,use small ,pieces can be s t r ipped ,off 
the leaf and examined under  the microscope wi thout  da,m, aging ,the cells 
unduly.  The same mater ia l  is par t icu la r ly  well .suited to the s tudy  .of 
sphere.seines, since unusual ly  large numbers of them are present  in guard 
cells ,of the ~s~oma~ta. The ob~servat:i,ons made in ep~idermal ce:l~s we,re com- 
pared with other.s made in cell,s ,of the spongy ~p,arenehym,a of Campanula 
and in the ,epidermis of the inner side of ~the scale leaf o,f Allium cepa L., 
a cla.ssieal mater ia l  for the s tudy of spherosomes. 

For  the o b , s e r v a t ' i o n , s  o n  l i v i n g  c e l t s ,  the epider'ma~ ti,ssue 
w, as s tr ipped off the leaf with forceps and floated on ei ther tamp wate r  
(pH 7.2) ,or ,on distilled water  containing added sucrose as 5% or 9% soLu- 
tions (,pHS.7). Under  'th, ese eon.dition.s the ,ceils u,sually survived several 
days. Survival  was judged by  the presenee of spherosomal ,motion (S o r o- 
k i n 1958) and by  the a.ecu~ulation of neutral  red in the vacuoles o~f the 
guard calls. The Campanula "material ,usually recovered rap id ly  from the 
tr,auma of explantat ion;  bu,t (as U r 1 [,1964 a] 'ha,s noted) the prepara t ions  
of Allium usually req, nired .several hours ~before the "mitoehondria were 
restored from a rounded to their customary elongate sh~ape, and motion of 
th'e cytoplasm was resumed. 

One epidermal  cell from a slide pre,paration was <~bserved nn,der the 
oil immer,sion lens for a vJS-hr. ;period to ~determine the distr ibution and 
translooations of rthe spherosomes within. Other  cells were studied ,for 
shorter periods. The tissue was "mounted in water  containil~g 0.1% rib, o- 
nuclease, and the simple medium w.as changed at intervals. The su]3stage 
i l luminator was opera ted  only  dur ing ,the observations. 

S u p r a v i . t  a l  s r a i n i n g  was carr ied out on ~he ,plant tissues ,using 
neutral  red as me, ans for increasing eontra,st ,between vacuoles and eyto- 
pla~sm (S o r o k i n 1955 b) and indophen, ol ,blue (P e r n e r 1952) and Janus 
green B (S o r o k i n 1955 a) as redox dyes. In addition, succinic dehydro-  
genase was demonstrated within ,eells at  pH 7.5 using ni,tro-b~u.e tetra- 
zo,lium (nitro-I3T) (N a c =h 1 a s e t  al. 19'57) as a 0.002 % sofu,tion dis,solved 
in 0.05 M poLassinm succinafe. As in the case of neotetraz,olinm (S o r o k i n 
and S o r o k 4 n  1956), n.se ,of a ~dil, nte s.olutdon ,of nitr,o-BT permits  long- 
term survival  of the cells,.-Fillally, 0.005% aq~ueous solu,tions of rhoda- 

P r o t o p l a s m a ,  Bd. L X I I / 2  3 1,5 
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mine B ( S t r u , g g e r  1938) and Nile blue A ( B a i l e y  and Z i r k l e  1931) 
were used s,upravitally as lipid stains and .supplemen'ted ,those given below. 

S t a i n i n g  w i t h  l i p i d  d y e s  was attem.p,te,d on 'both ~ix.ed and 
unfixed preparat ions.  The best results were obtained on tissues fixed in 
~0% neutral  formalin containing 0.02% CaCla. Neverthel.es.s, as far  as the 
spherosomes were con.eerned, ~he fixa'tion was only- par t ia l ly  ,sueeess,f.ul. In 
the same specimen spheroso,mes might be well preserved in some guard cells 
and coalesced i11to larger .spheroids in others. D,uring dehydra t ion  more 
coalescence occurred when ti,ssues reached 70% ethanol, and, if dehpdra ted  
to 9'5% or 100% ethanol, only residua,1 bodie:s remained. The following li'pid 
dyes were used: 0.5% Oil  Red O .dissolved in 60% tr ie thyl  phosphate ,  
Sudans III  and IV dissolved in 70% ,ethanol or propylene  gly.eol (J e n s e n 
1962), and Sudan b la& B in 70% ethanol. As a .con,trot for the latter, 
preparation.s were ext rac ted  with acetone ,prior to staining. Reactions for 
phosphol ipid  were carried .out u,sing B a k  e r's di.ehromate-,aeid hematein 
method, a:s modified b y  B o u r g  e o i s  and H u b b a r  d (19'65), as well as 
wi,th the mod'ifieations of L a C o u r, C h a y e n, and ,G a h a n (1958.). The 
latter was appl ied after  fixation in Lewi~tsky's fluid. .Since the sphero- 
somes were .poorly" preserved after  Lewitsky's  fLui.d, only 't'he pr,ocedure of 
B o u r g e o i s and H u b b a r d gave u,seful results. 

For  /he l i g h t  m i c r o s c o p y  o f  o t h e r  f i x e d  p r e p a r a t i o n s ,  
and for the . e l e . c t r . o n  m i c r o s c . o p y  ,of t h e  t i . s s n e s ,  ,+he fdlowi.ng 
schedule was used: Strips of epidermis were fixed at pH 7 in phosphate-  
buffered 1% osmium tetroxi.de (M i 11 o n i g 1961) and at pH 7.3 in barbi-  
turate-buffered 3% glu tara ldehyde  at to.ore temperature ,  followed by  osmi- 
cation at 4 ~ C. Af,ter fixation the tis,sues were dehydra ted  rap id ly  ,thr,ough 
cold graded ethanol and, when in 10,0'% ethanol, were allowed to warm to 
room temperature.  ,Subs,equently, the tissues were placed in ,propylene 
oxide, infiltrated in a 50': 50 mix,ture of epon and propplene  .oxide, arid 
embedded in ep,on. At each .stage of this procedure  a small piece of tissue 
was removed to a slide and examined by  bright  field and phase contrast  
mieroseopy. Addit ional ly,  ,samples taken from 100% ethanol and the 
mixture  of propylene  oxide and epon were rinsed in absolute ethanol and 
stained wi.th crystal  violet in a~s.olute alcohol. They- were then hydra ted  
and mounted in glycerine ~elly. In this manner,  preservat ion of spherosomes 
was ascertained through fixation, dehydraCtion, and embedding. 'Other 
secti.ons were cut from the epon blocks and reacted b y  the periodic ac~,d- 
Sehiff (PAS) method. Identificati, on o'f the bodi'es could be made in elec- 
tron micros.copy, ,based on t'heir sh,ape and number  in cells as seen b y  light 
miero,seopy. E,leetron microscopy was carried out .on thin sections of the 
embedded material,  stained with lead (K a r n .ov  s k y 196.1), and examined 
in RCA electron microscopes, EMU 3 F and 3 G. 

While spherosomes were fair ly well preserved by  glutaraldehyde-  and 
osmium-containing solutions, they wer'e .less sueeessfully fixed b y  2 % or 5 % 
solntior, s of polassiu,m :permanganate (M o ll' e n h a,u~.e r .1959). Brown- 
colored precipi tates ,  pos.sibly .of MnaO4 (R a u e  n 1956), formed in and 
about the cells and .obscured ihe s,pher,osomes. After  washing away the 
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surface precipitate the spherosomes were recognized, but ~hey usually 
coalesced into large droplets ,during dehydration. Those thM survived could 
not be stained clearly with crystal violet, owing to obfuscation by  precipi- 
fa,tes within the cytoplasm. 

Results  

The results ,of this study on spherosomes are presented in three sections. 
The first deals with spherosomes in living ceils; the second, with staining 
reactions of spherosomes; and the third, with .their electron microscopy. 

Tab]e 1. 

Numbers of Spherosomes in Outer and Inner Layers of an Epidermal Cell o] Campanula 

I-Ir af ter  Outer  cy top lasm Inne r  cy top lasm 

explan ta t ion  (apical) (basal) 

0 

24 

26 

34 

37 

39 

41 

43 

44 

46 

48 

50 

52 

54 

58 

60 

65 

68 

70 

75 

m 

m 

30 _ 1  

30 50 

45 35 

67 35 

79 65 

58 68 

49 55 

40 65 

49 69 

46 67 

46 67 

46 67 

31 37 

33 42 

27 35 

20 27 

0 0 

1 Nineteen observat ions  were made  be tween 0 and 24 hr. Because of the  rapid  mot ion  

of spherosomes,  they  could not  be counted.  At  26 hr,  3 rain of i l luminat ion was required 

to restore spherosomal  mot ion  to normal ;  at  34 hr, 15 rain of i l lumination. :Between 

4 3 - - 4 8 h r ,  only slow mot ion  was  observed after  i l luminat ion;  after  48hr ,  no motion.  

Sphero~,omes in Living Cells 

The behavior of spherosomes in living epidermal cells has been decribed 
before and will only summarized. Sphere,seines in such cells are conspicuous 
for their ~b,undanee, refractility, and motion. Their refractility is enhanced 
under the phase contrast microscope. Under bright field lhe rim of a 
spherosome may appear red in unstained preparations. This optical phe- 
nomenon ~rs n o,t ex,hi,bite,d by the other cytololas~nic particulates. S,phero- 
seines move. sometimes with and sometimes .against the cytoplasmic stream. 

15" 
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~[hey rotate, ra ther  than oscillate (Brownian motion), which they do only 
in damaged  cells. Mort,on is rap id  in ep idermal  cells but  slow in guard  and 
spongy pa renehyma  celts. Ove r t ak ing  one spherosome, another  m a y  pass 
i,t or join it, to form a diplosome, which sub,sequently separa tes  (S o r o k i n 
1958). This type  of motion is characteristic ,of spherosomes and has been 
recorded in a short film. Nevertheless,  it is not cer ta in  whether  or not this 
motion is independent  f rom that  of the eyto,plasm. 

In  the celts ,studied per iodical ly  for m a n y  hours (Tabl.e 1) spherosomal  
motion is rap id  .during the first 24 hr. Thereaf te r  it becomes slow or stops 
and requires i l lumination for increasing ,periods (3 to 15 minutes) to restore 
it to n.ormal. When  the motion stops, the number  .of spherosomes can ,be 
counted. The outermo,st cy toplasmic  layer  of the ep ide rmal  cell contains 
spherosomes,  a few chloroplasts, and almost  no mitoehondria.  The inner- 
most layer  contains spher,osomes and mitoehondria,  identified in other pre-  
para t ions  by  the Janus green reaction ,(S o r o k i n  1938, 1941). The mifo- 
ehondria ,appear to lie nearer  the eentra,1 vacuole and the spherosomes, 
nearer  the cell wall, much as D a n g e a r d (1947) ha,s observed. Between 
thes.e pe r iphera l  layers the cyto,plasm forms a re t ieulum o,f t ransvaeuola r  
strands,  which contains the nucleus, a few spherosomes, and ,mi~toehondria. 
In t ime the .spherosomes tend to .accumulate in the innermost  layer.  Af ter  
60 hr. of examina,tion they deerea~se in number  due to coalescence into larger 
bodies (diameter  1.5,u). Still later, as the teal is dying, the spherosomes 
undergo .autolysis. Similar ly ,  if a living cell is killed wi th  a,bsolute ethanol 
or t2 in KI  the spher, osomes coalesce into droplets  of var iable  size. Thus, 
whi~e ,spherosomes, unlike l ip id  droplets,  do not coalesce while the cell is 
alive ( , S t e f f e n  1955, H o n d a  et ,a l .  1964,, M i l o v i d o v  1964), the m a y  
do :so at its dea,th. 

P l a t e  i. 

Figs. t-6 illustrate guard and epidermal cells of the leaf of Campanula persicifoliaL. 
Fig. t. Two guard cells and parts of the surrounding epidermal cells stained supra- 
vitally with neutral red. Large numbers of spherosomes (sphero) are visible in the 
outer, er uppermost, layer of the guard cells. Smaller numbers are visibl'e in the 

epidermal cells. }(1,210. 
Fig. 2. Guard cells stained with Oil Red 0 in 60% triethyl phosphate for 30 rain. 
Formol-calcium fixation. Spherosomes are colorless; a few lipid droplets (dark 

spots) stain bright red. >(1,210. 
Fig. 5. After staining with Sudan IV in propylene glycol for 24hr0 spheroidal 
aggregates of lipid are formed within guard cells. These stain orange-red. X1,210. 
Fig. 4. Living material stained with 0.25% Nile blue A in water. Vacuoles contract 
and accumulate color, whiIe spherosomes do not become colored. They continue 

to move about in the ey.topl,asm. X1,260. 
Fig. 5. A strip of epidermis stained with Sudan black B for 4 min. FormoI-calcium 
fixatien. Spherosomes s,tain blue-black ;mitoehondria and plastids stain gray )<t,e,00. 
Fig. 6. Innermost layer of epidermal cells reacted for succinic dehydrogenase. 
Enzymic activity is indicated by dark staining. It is present in mitoehondria (mito) 
and portions of the ebloroplasts (cbloro), which have become vesieulated. The 

spheros.omes (sphero) are unreactive. Ni:tro-blue tetrazolium, pHT.5. XI,2t0. 
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Ylafe 1. 
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In guard cells spherosomes are some 10-15 ti,mes more densely packed 
than in the larger epidermal  cells. T'hey occur in b,oth outer and inner 
layers of the cytoplasm as is demonstrated in fixed and stained prepara-  
tions (Fig.s. 7, 8). In living gu,ard cells the spheroso~me:s mc~ve littl,e, but  
they occasionally exhibi~t the bumping and ,turnin,g motions of epidermal  
spherosomes. After  supravi ta l  staining, neutral  red aeeu,mulates in the 
vacuoles .of guard cells and facilitates ,observation of the spherosomes 
(Fig. 1). Although the presence of large number,s of s,ueh ~bodies in ,guard 
cells has not been specifically mentioned in the ti,terature, M i x (1959) has 
pictured numerous fluorescent sphero.somes in tile chloro,pla:st-free guard 
cells of Tradescantia. In cells of the spongy parenehyma,  which contain 
large, ful ly  developed chloroplasts, ,spherosomes are :few in number;  but  
they exhibit  ,all the characteristics typ ica l  of .spherosomes in guard cells. 

Staining Reactions 

All ,authors are not agreed ,on the staining propert ies of spher,osomes. 
Our  resnl,ts are described below and are summari~zed in Table 2. 

Lipid dyes. In general, spherosomes in either fixed or unfixed ,prepara- 
tions are not stain.ed by  methods for simpl.e fats or f a t t y  acids but  are 
stained by  methods for ,phospholipi,ds. This ,sta,tement may  b,e qualified as 
f, ollo~s: 

1. In fixed .or unfix,ed preparat ions  ,of Campanula, S ~ d , a n s  III  
and I u and O i 1 t / e  d O d.o not stain intact  spheros.omes (Fig. 2). The 
spherosomes nonethe.less are recognizable in well fixed stri,ps of epidermis 
because they retain the characteristic shape and distr ibution .of s phero- 
som.es in living cells (compare Figs. 1, 2). In fixed tissues, however,  a small 
number  of other cytoplasmic bodies are colored by  the lipid dyes ,(Fig. 2). 

P l a t e 2 .  

Figs. 7, 8, and l0 represent gua.rd cells of Campanula fixed in Millonig's buffered 
osmium tetroxide, extracted with ethanol and acetone, and stained with crystal 

vinlet in 10'0'% ethanol. X1,000. 
Fig. 7. At the outer surface many .dark stained spherosomes are visible in the 

cytoplasm. Preparation mounted in glycerine jelly. 
Fig. 8. Guard cells as they appear fr.om the inner surface of the epidermis. Purple 
colored spherosomes (sphero) occur singly or in pairs. They are also visible in the 
parietal cytoplasm of neighboring epidermal cells. Chloroplasts (chloro) stain pale 

lavender. Preparation mounted in ,glycerine jelly. 
Fig. 9.. Campanula .guard cells fixed in formol-calcium and stained with crystal 

violet in 100% ethanol. The spherosomes are not recognizable. >(1,00.0. 
Fig. 10. Spherosomes stained with crystal violet lose color if the tissue is cleared in 

xylene and mounted in balsam. 
Fig. 11. After osmication, dehydration, and infiltration with epon in propylene 
oxide, spherosomes stain well with crystal violet. They appear reddish-purple with 

clear centers. )<1,000. 
Fig. 12. Epidermis of the inner side of the scale leaf of Allium cepa L. prepared 
as in Figs. 7 and 8. The spherosomes (sphero) stain purple. Spherical and rod-shaped 
mitndlondria (ratio) and the proplastids (pro) stain lavender. The nucleus stains 

lavender-bruwn. XI,000. 
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Plate 2. 
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After poor fixation, spherosomes are not recognizable. Ins,lead, a few 
spheroids appear in the cytoplasm. When first seen they are larger than 
spherosomes. In time they increase in size and number. The spheroids are 
stainable with the Sudans (Fig. 5) and are interpreted to be "unmasked" 
lipids, derived partly from the coalescence of damaged spherosomes, and 
partly from other cyto,plas,mic constituents. Lipid staining in Allium e pi- 
der,mis is similar to that in Campanula, and we can confirm Walek- 
Czernecka's observation (19,63) that the nmnber and size of sudanophil 
particles increase in onion cells after prolonged staining. 

2. Aqueous solutions of rhodamine B and Nil.e blue A :in supravital 
preparations stain spherosomes slightly or not at al l  After r h o d a m i n e 
B, for example, a fain~t red color seen on ,one side of a spherosome cannot 
with certainty be ascribed ,to the .dye, because of the optical effect that 
reddens the rim of an unstained spherosome. In extensive experiments with 
rhodamine, S t r  u g g e r  (1938, 1949)showed that only chondriosomes (mi,to- 
cbondria) and leuc, oplasts stain electively when the dye is used supravifally, 
but ,that spheresomes .stain weakly .after fixation. P e r n e r (1953) reported 
strong staining of mitochondria and weak s~taining of sphero,somes. In dilute 
solutions of N i I e ,b l u e A, Campanula and AlIium cells s.urvive for several 
hours. The vacuoles become stained ~but the spherosomes do not become 
colored. When sto,mata of living guard ceils are open, the darkly ,stained 
vacuoles are contracted and permit one ,to see unstained spherosomes in 
the cy~toplasm (Fig. 4). Nile blue, a mixture of components, stains both by 
partitioning itself between the solvent and a lipid (S c h n e i d e r and Z i m- 
m e r m a n n  1922) and by acting as a basic dye ( B a i l e y  and Z i r k l e  
193t). I t  al,so exhibits a golden y.ellow fluorescence, and wi,th fluorescence 
microscopy, but not light microsco.py, has been found to stain spherosomes 
( D r a w e r t  1953, D r a w e r t  and G u t  z 1955, K u t t i g  1957, M i x  1959, 
H o l c o m b  et al. 1965). 

3. After fixation in formol-calcium, well preserved spherosomes readily 
are stained with S,u d a n b 1 a c k B (Fig. 5). Some spheros.o,mes stain uni- 
formly, while o,ther,s stain only on one side and appear crescent-shaped. 
]f neutral lipids are extracted with acetone prior to staining spherosomes 
can be stained su,bsequently; but they are .di~fficult to recognize in such 
preparations. Staining with Sudan black in the absence of staining wi,th 
Sudans III and IV provides better evidence than the acetone control thai 
spheroso.me,s contain phospolipid. Mito.ehondria and other phospholipid- 
containing cytoplasmic components also 'become stained with Sudan black, 
but they appear grayer than the spher.osomes. Application of Ba,ker's 
d i c h r o m a t e - a c i d  h ' e m a t e i n  in general eonfirm.s the presence of 
phospholipids in spherosomes. In guard cells, however, the spherosomes 
become somewhat distorted during ehro,mation and cannot be distinguished 
clearly front the numerous mi,toehondria present, which also stain. 

Periodic ~6~d-Schiff reaction. Thick (1 r epon sections of Campanula 
epidermis were reacted for carbohydrates by the PAS reaction. While 
starch grains in the chloroplasts stain rbrilliantly, and the cell walls stain 
moderately, spheros.omes fail to stain a't all. 
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Crystal oiolet. After  f ixation in osmium tetroxide, spherosomes can be 
stained intensely with the basic rosanilin dye, crystal  violet, dissolved in 
95% or 100% ethanol. In aqueous s.ol.utions, this dye  has been used rio stain 
the mitotic spindle, cilia, starch grains, chloroplasts, and nueleoproteins; but  
itLs app~iea,tion :is ra ther  .trrieky (C .h a .m ~ e r 1 ca .i n 1924)..Slpherosomes ~d,o ,~o~ 
stain with aqueous crystal  violet and require prolonged dehydra t ion  in 
at.crone or ethanol to stain with the alcoholic soluti.on. Under  these eon- 
diti.on,s the spheros.ome.s are stained deep purple,  while plastids and mito- 
chondria stain pale lavender.  Two paired guard cells are photographed  
from a piece of epidermis moun,ted .on a slide with the cuticular  side 
uppermost  (Fig. 7) a~d reveal an abun.danee of purp le  colored spherosomes 
in the outer layer  of cytoplasm. In a piece .mounted in the .opposite way  
(Fig. 8) the guard  cells are examined from the side a.djaeent to the spongy 
parenehyma.  Evident ly  the spher.oso.mes albound in ,the per iphera l  eyto- 
pla,sm and stain more intensely 'than any  other cell component.  They  va ry  
little in size and often occur as .diplosomes, and tri,plosomes. In the same 
fig,ures, smaller numbers cd spherosomes can be seen in the per iphera l  eyto- 
pla.sm of epidermal  cells. In contrast, spherosomes do ncrt stain wi.th crystal  
viol.et af ter  formalin fixation (Fig. 9). Af:ter osmication, the stained sphero- 
somes retain their color if tis.sues are hydra ted  af ter  staining and are 
mounted in glycerine jelly. On  4he other  hand, when s'tain,ed tissues are 
cleared in xylene,  the sphero,somes lose their color (Fig. 10). Once eleared 
in xylene,  spherosomes cannot be stained width crystal  violet, whether  or 
not they were stained previously. After  tissues are infiltrated in p ropy lene  
oxide and epon, however, crystal  violet stains the rim,s of spherosomes a 
dark  red, d!i~sh purpl,e (Fig. 11). Sph,ero,s.omes .exlhi,bi.t ~s,i~milar staining r,eae- 
tions in Campanula and in onion epidermis (Fig. 12). These results may  be 
compared with those of P e r n e r (1953). After  first ex4raeting lipi.ds from 
epidermal  prepara'tions, he could ,stain spherosomes, mitochondria, and pro- 
plastids with ro.saniline and the basic dye Victoria blue. Sometimes he 
fo:u.nd t,he .slplher,o,s,o,me,s to ~s,tad,n ,moire d,rrt~e,n,s~ely ,than tlh,e o,t:her part.i- 
cu}al~.es. 

Redox dyes. Spheroso~mes are not reactive to several redox dyes u,sed 
supravital ly.  We es'timate any  staining of spherosomes present  in these 
preparat ions  to be both faint  and non-specific. 

Under  aerobic conditions, sphero,somes of" living cells do no.t stain 
with J a n u s g r e e n B, which stains mitochondria. This finding is in agree- 
ment wi~h those of P e r n e r and P f e f f e r k o r n (1953), B a u t z (1956), 
and M i 1 o v i d o v (1964). After  reduction of the main constituent of Janus 
green, other components of the dye  can be seen (L a z a r o w and C o o p e r- 
s t e i n  1953). Some of these fa in t ly  color the spherosomes a green that  
differs in tint from stained mitochondria (S o r o k i n 1955 a, 1955 b). One of 
the leueoforms of Janus green is fluorescent (Z i r k  1 e unpublished) and 
cau~s,es the spheroso,mes to flu,ores~ee after  the m'i,tochon,drli,a 'beeo,m,e colorless 
(D r a w e r t 1953). In Campanula cells stained with Janus green, forma- 
tion of a blue precipi ta te  in A-4ype vacuoles (B a i 1 e y and Z i r k 1 e 1931, 
S o r o k i n 1955 b) may  fur ther  eonfu,se the unwary .  
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T h e G -  N a d i r e a c t i o n for the demonstrat ion of indophenol (cyto- 
chrome) oxidase is absent frown spherosomes. The eytoehemieal reaction 
product,  indophenol blue, accumulates in spherosomes, mitoehondria, oil 
globules and the cytoplasmi,e matrix.  While P e r n e r (1952) had inter- 
preted the staining of spherosomes as d,ue to enzymic activity,  D r a w e r t 
(1953) and G u t z (1956) considered that it followed diffusion of the reaction 
product  from its site of formation in the mitoehondria. S t r a u s s (1956) 
indeed questioned .the enzymic basis of the observed reaction. He found 
the same degree of coloration in spherosomes of test and control p repara -  
tions containing sodium azide, which strongly inhi~biis indophenol oxidase. 

T a b l e  2. Stair~ing Reactior~s oi Spherosomes in Campanula .  

T r e a t m e n t  

b e f o r e  

s t a i n i n g  

For/Ca 
For/Ca 
For/Ca 
I n  vivo 
I n  qJivo 

For/Ca 
For/Ca 
O s 0 4  

OsO4 

I n  vivo 

I n  vivo 

I n  vivo 

I n  r ive  

I n  vivo 

S t a i n  

S u d a n  I I I  

S u d a n  I V  

Oil r e d  0 

: R h o d a m i n e  B 

Ni le  b l u e  A 

S u d a n  b l a c k  B 

t I e m a t e i n  

P A S  

C r y s t a l  v i o l e t  

N e u t r a l  r e d  

J a n u s  g r e e n  13 

I n d o p h e n o I  b l u e  

N i t r o - B T  

N e o t e t r a z o l i u m  

Sphero 

:Resu l t an t  c o l o r i n g  of d i f f e r e n t  p a r t s  of t h e  cell  I 

A g g r e g  Mi t e  Chloro  V a c u o l e  W a l l  

b l a c k  

b l a c k  

p u r p l e  

b l u e  

o r a n g e  

r e d  

r e d  

b l u e  

b l a c k  

b l u e  

rose 

r o s e  

b l a c k  

b l a c k  

l i lac 

b l u e  

b l u e  

b l u e  

r e d  

r o s e  

- -  b l u e  b l u e  

b l a c k  - -  - -  

r e d  - -  r o se  

l i lac - -  - -  

- -  r e d  --  

b l u e  - -  --  

r e d  - -  - -  

1 T h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d :  S p h e r e  = s p h e r o s o m e ;  A g g r e g  = l ip id  a g g r e -  

g a t e s ,  M i t e  = m i t o c h o n d r i a ;  Ch lo ro  = c h l o r o p l a s t s .  

After  living Campanula epidermal  cells are incuSated for 2 l h r  with 
n i t r o - , b l u e  t e . t r a z o l i u m  or n e o t e s  the spherosomes 
remain colorless, while d i formazan is formed on mitoehondria and chloro- 
plasts (Fig. 6). The diformazan of ni tro-BT i,s blue; that  of neotetrazolium 
is dark red. In chloroplasts the ,diformazans acquire a grayish cast, owing to 
the presence of chlorophyll. In a medium containing sueeinate, the tetra- 
zoliums demonstrate the presence of succinie dehydrogenase at these loca- 
tions. Like spherosomes in several species of Narcissus (S o r  o k  i n  and 
S o t  o k i n  1956), spherosomes of Campanula and AlIium do not reduce 
ietrazolium sal.ts. Nevertheless, they  may  acquire a faint  rose color, 
par t icu lar ly  af ter  neotetra.zolium is used. This coloration of spherosomes is 
due in par t  to the optical effect that gives un.stained sphere.seines a reddish 
rim, and in par t  to the diffusion of diformazans and to their solubility in 
lipids of spherosomes. Formazans of .different s salts are soluble 
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in organic solvents, triglycerides, and phosphatides to differing degree,s. The 
diformazan .of neotetrazolium is more s.olu,ble in lipids than thai of nitro-BT 
(P e a r s e 1969). Accordingly, it is not surprising that with the former 
reagent coloring of s.pherosomes is greater than with the lat.ter. 

Electron Microscopy of Spherosomes 

Spherosomes frequently are included in thin secfiorrs .of .guard cells, 
owing to their unusual abundance in the cytoplasm. In this paper, identifi- 
cation of the spherosomes in electron micrographs of these cells is certain, 
because the .spherosomes had been under observations in the light micro- 
scope during all of the stages of preparation for electron micros.copy. Once 
spherosomes were identified in guard cells, they could be recognized as well 
in nther plant cells, where they are scattered more thinly. 

As seen in the electron microscope (Figs. 13-17), the sphero,some has 
a structure that accords well with its structure and staining properties as 
seen in the light microscope. If is an ovoid to spherical body that varies 
in .size within a range fro,m 0.55~ ,by 0.71~ to 0.7~ by 0.9#. It contains 
osmiophilie material and appears to be surrounded by a limiting membrane. 
Usually it is difficult t.o distinguish a .trilaminar structure in the limiting 
menrbrane. Indeed, often it s.eems .that there is present no more than a rim 
of material with heightened osmiophilia at the interface between cytoplasm 
and s.phero.some, like that sometimes observed at the margins of fat drop- 
lets, which lack bounding mem'branes. At .times, ho.wever, the limiting 
membrane is visible (Figs. 16, 17). Usually the spherosome is .seen t.o contain 
an eleetr.on permeable medullary zone surro.un.ded by a eort.ex of osmio- 
philie material (Eigs. 14-17). The medulla usually occupies the center of 
the spherosome and has a diameter about three-quarters that of the whole 
body. In guard cells, however, the medulla may 'be eonsidera'bly reduced 
in size and may be displaced to one side (Fig. 13). After osmium fixation 
(M i 11 o n i g 1961), no structure is seen within the medulla (Fig. 16); but 
after glutaraldehyde and osmium it is seen to 'be traversed by a retieu~um 
of fine threads (Fig. 15), which are ,eon.tinnous with the osmiophilie material 
of the cortex and are comparable t,o it in electron .density. In accepting the 
foregoing description of .spherosomes in electron mierographs, one must 
reserve judgment concerning the heterogeneous appearance of the contents, 
for it may reflect n.ofhing more than inadequate penetration of osmium 
during fixation. 

In electron mierographs, as in liv, ing cells, ~sphero.somes may occur 
singly (Figs. 16, 17), or in diplosomal (Fig. 16), or more numerous groupings 
(Fig. 15). When aligned along the cell wall, as i.s often the ea,se, sphero- 
s,omes may appear to c,ont.a.ct the wall (Fig. 14). Such eo.nta.ef ,may ~.er.si.st 
in cells that have suffered some shrin:kage at the ~ime of fixation. 

Discussion 

Some correlations of the foregoing observations on spheroso.mes may 
now be attempted, even if their firmnes,s i.s in places undermined by tech- 
nical limitations. 
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Content. In tac t  s.pher,osomes readi ly  stain wi th  Sudan black B, which 
stain,s phospho~ipi.ds ,a~s we.J1 as neutra,1 .fat. The o,t,h,er S,udan dy,es ,emlplo.yed, 
Sudans I I I  and IV and Oil Red O, all stain neutra l  fats but  do not s ta in  
intact  ,spherosomes. All four S,udan dyes are s t ruc tura l ly  related molecules 
that  range in size f rom ca. MW 350-450 (B a r k  a and A n d e r s o n 19'55). 
Accordingly,  it is unreasonable  t.o argue that  of these, ,only Sudan b l a &  
stains the spheroso,mes h,eeause only it penet ra tes  the spherosome. The 
al ternat ive seems more acceptable ,  tha t  staining by  Sudan black indicates 
the presence of phosphol ip id  in the spher.osome. Lipid  aggregates,  formed 
f rom spher,osomes and other cy toplasmic  components  af,ter dea th  of the 
cell, or af ter  inadequate  fixation, nonethele.ss are s ta inable  by  al~l the 
Sudan .dyes. We in terpre t  such stainable lipids to he result of "unmask-  
ing," .or hydrolysis ,  of l ipoprote in  complexes.  In this sense we agree wi th  
P e r n e r (1952), who s,tated that  the lipids of s.pheros,omes are ma.sked. 
Our  results with crysta l  violet, while difficult t,o interpret ,  ca r ry  the sug- 
ge,stion that  prote in  is present  in spherosomes. ,Staining is best  af ter  unfixed 
lipids ar.e removed. Final ly ,  negat ive results a f te r  the PA.S react,ion make  
it seem unl ikely that  ca rbohydra te  is present  in spherosomes. 

The a p p a r e n t l y  heterogeneous s t ructure  of the spher,o'somes as seen in 
our electron micro,graphs would confer on them .optical proper t ies  s imilar  
t.o ,s,pheros.ome:s .of liv~n~g cell,s. T~hey w.o,uld have  the sp,h,er,osomes' a'p~pear- 
an te  of hollow s,pheres (H o n d a e t  al. 1964) or r ing-bound b.od~ies (W a 1 e k-  
C z e r n e c k a 1962, U r 1 1964- a, 1%4` b). Nonetheless, the heterogeneous 
a p p e a r a n c e  of spherosomes m a y  be ar t i factual ,  since similar  cortical and 
medu l l a ry  regions are at times seen in micro,graphs .of starch grains (Figs. 
i5, 14) and droplets  of tr iglyceride.  Even witho,ut sure confirmat,ion b y  
electron microscopy,  the presence of a red r im .on unsta ined spherosomes 
viewed b y  ligh.t microscopy leads one to suspect  that  spherosomes possess 
a dense cortex. I f  the ref rac t ive  index .o,f the ,cortex is near ly  t'hat of the 
surrounding cytoplasm,  and if the c, ortex absorbs green light, a red r im 
would a p p e a r  in the microsc,ope, because the p a t h  through the cortex is 
greater  near  the ~im than  near  the center (Fig. 19). 

Limiting membrane. In  l iving cells, spheroso.mes often b u m p  into one 
another  wi thout  fusing, subsequent ly  to t ravel  together as pairs  or as 1,on- 
get chains, and eventual ly  to separa te  into unit.s. Without  a limi,ting 

P l a t e 3 .  

Figs. 13 and 16 are electron micrographs of guard teals in Campanula. 
Fig. 13. Low power micr.ograph of one end of a guard cell. The cytoplasm is rich 
in spherosomes (sphero), mitochondria (mito), chloroplasts, and various organelles. 
Numerous small vacuoles contain a finely granular precipitate. The spherosomes 
appear to be sedioned somewhat tangentially and display the osmiophilic cortical 

material. Ghtaraldehyde-osmium fixation. X18,9'0'0. 
Fig. t4. A view" of the mid-portion of two guard eells after fixation in Millonig's 
phosphate buffered osmium. Spherosomes (sphero), a chloroplast (ehloro), part of 
the wall between the cells, and the stoma are visible. Each spherosome appears to 
be composed of an electron dense cortex that surrounds an electron permeable 

medulla. Compare with Fig. It. X27,900. 
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membrane  such bodies might  be expected  ~o fuse, were they li.pid droplets,  
or else to mix  with  the cytoplasm,  were they filled wi th  wa.ter soluble 
materials .  Consequently,  a l imiting mem~brane m a y  be inferred to exist  
about  a spherosome, and this is suppor ted  b y  .evi.denee fro,m electron 
microscopy.  

Other electron microscopic studies. A.I times various cy toplasmic  bodies 
have  been seen in electron micrographs  of p lan t  cells and identified as 
spherosomes. Most f requent ly ,  identifications have  be.en made  in pe rman-  
ganate-f ixed mater ia l ,  and concern, the fo,llowing structure:  an ovoid body,  
i r regular  in outline (po.ssiMy consequent to dehydra.tion), tha t  contains 
granular  mater ia l  of low to medium electron density, and i~s surrounded b y  
a continuous membrane  70-80 A thick (P e v e l.i n g 196,2). The membrane  
sometimes :is said to be  t r i l aminar  ( F r e y - W y s s l , i n . g  et al. 1965). 
Several  investi.ga.t.ors have  come to es~sentially the same conclusions 
( M i i h l e t h a l e r  1955, P . e r n e r  1957, H o h l  196.0', P a l e i g  an.d H y d e  
1964). J e n s e n (1965 a, 1965 b), however,  a t t empted  to ident i fy  s.phero- 
so.mes in tissues a l te rnate ly  fixed in pe rmangana te ,  in osmium, and in 
g lu tara ldehyde-osmium.  Af te r  pe rmangana t e  fixation, his pr.es.umptive 
spherosomes were seen to resemble those described ,by the authors cited, 
except  for the presence of a small  electron dense region within. Af te r  
osmium or g lu tara ldehyde-osmium,  his spherosomes seemed spherical  and 
ex t remely  electron dense. D r a w e r t and M i x (1962, 1963), on the other 
hand,  identified a different body  a~s the s'phero~s.ome. Th.is was a .stellate 
inclusion that  resemble.d a l ipid droplet.  A third body,  evident ly  s imilar  
to that  identified b y  us as a spherosome, was deserib.ed b y  P r e s s (1957) 
in osmium-fixed cells f rom the root and shoot ap,iees of Cucurbita pepo, 
Hordeum oulgare, and Vicia tabu. Press con.sidered it to be the equivalent  
of an "osmiophil ic  platelet ,"  described b y  B o w e n (1927, 1928) in osmium- 
impregna ted  p lan t  cells as a new component  of the cytoplasm.  Although 

P l a t e 4 .  

Figs. 15-17 are electron micrographs of the parietal cytoplasm in epidermal cells 
of Campanula. The content of the central vacuole is precipitated coarsely. Compare 
with Fig. 15. Structural features of spherosomes are illustrated. Glutaraldehyde- 

osmium fixation. 
Fig. 15. A characteristic grouping of spherosomes in the cytoplasm. Medullary 
regions of the spherosomes are traversed by a reticulum (ret) of fine strands. The 
strands are continuous with the material of the cortex and have a similar electron 

density. X27,900. 
Fig. 16. A view of parietal cytoplasm, showin,g a solitary spherosome (sphero), 
a Golgi zone, other largely agrannlar membranes, and free ribosomes. The central 

vacuole i~s at the left; the cell wall, at the right. X49,500. 
Fig. tT. Spherosome, vesicular body (vb), and mitochondrion. The spherosome 
appears to have a limiting inembrane. The vesicular body opens into the central 

vacuole. X55,100. 
Fdg. 18. A membrane-bound granular b.ody in the parietal cytoplasm of a cell in the 

spongy parencbyma. It is comparable t,o a spherosome in size but not in fine 
structure. Glutaraldehyde-osmium fixation. Xbt,500. 
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B o w e n cons idered  the p la te le t  to b.e homologous  wi th  the d i c tyosome  of 
insect  cells, D a n g e a r d (1947) la te r  su.ggested it.s poss ib le  i den t i t y  w i th  
the mier .osome (s 'pherosome).  

,Since ,are could not  reco,gnize sphe rosomes  b y  l ight  micr .oscopy a f t e r  
f ixa t ion  of t issue in p e r m a n g a n a t e ,  we did  not  a t t e m p t  to ob ta in  e lec t ron 

m,i,crogra,plrs ,of ,su,eh ~ma,terli,al. Go.n- 
in c id e nt s,equer~t,ly, we  he,si.ta't,e t,o ,&i~s.eu,ss it.he 

p,ets:si,ble .i:d.entlity of  the  bo,d4es ,d,es,cr!i- 
b,ed a;s ,s,pher,osom, es dn ,p,erm:angana.te- 
f ixed mat,e'rEial x~i,th tihe .once ~identifie,d 
5 y  us in  o~s,mium-fix.e,d ,malter~ial. 
I:t ,i,s wo,rstlh ,co,nsi, d,er,ing, ,h.ow, ev.er, ,thalt 
,elsm,~um-fixed pl,an~t c, el,l,s coI~t,a,in 
b,o~d~ies th,a't ,&iff:er $i,t,t'le 'i,n a;p~pear- 
anee  f~,o,m ,th,o,s:e ,d,escribed 'as ~s,p,her,o- 
s,Dane:s ~in p,erma,ng, an~ate-fixed m~ater~iat 
(F,ig. 18). 

Nature of s pherosomes. S*inc, e,sphe- 
r.oso.mes freque.n,tly a re  not  ~dea~t~ifie,d 
w i th  eeetain~ty, v e r y  h,t~tie ,i,s kn, own 
a~bont ,tlh, eir n,M.ure, or,ig!i.n, and  fu,ne- 
,t ion. fn  ,the c ofeorhiz.a o,f Zea mays 
anrd ~in t,he epddermis  of ,o,I~iJo,n, F r e y -  
W y,s ~s ,1 i n . g e t  al. (1963) ,de.l~ived it,he 
,sp!heroLs,o,m,e,s fr,o,nt t,he e,nd,olpfa,s,mie 
r,etlieufu,m a n d  a,ttrlibu.~ed ,tr ,t~hean ~the 
fune4.io~n of f,a~t ,prJo,d,uc~.ion. N, one~he- 
}e,ss, ,shpheros,om,es ,are ah~unkdanLt ,in ,epi- 

Fig. 19. Diagram of a spherosome ,deran,aleel~,s, wh}eh,sto~reveryli,t'tl, e,olil; 
sectinned t.o reveal its medulla, the mid  the  epiderlni,s of oln,i,on in p a r t i c -  
surrounding cortex, and the limiting ular  ,st,ores glyc.og,en. Tha ' t  t he  s,phero- 
membrane. When viewed in {rans- :s,o,m,els them:s,eJlv, es a r e  n,o~t ,dr;o,pl,eltls ,o,f 
mitred light, the spheros,ome has a red 
rim and a white center. This may  be M,or,a,ge 1,i,plid c a n  m,or,e r eadi:ly be  
due to the absorption of green light ,de,n~i,ed: ~tlhe st,a~inlin,g~,ea,ctions,~hen, e,ar 
by the cortex, since light passing ulndf.or~mlilty ,o,f :sph, e~ro,s~o~mal ,d~i,a,me~ter~s, 
through the rim has a longer path ,a:nld ~t~he ,pr~es.enee .of a m~em~br,ane 
through material .of the cortex than a:t ,t~he b,o~un, d a r y  ,o,f .each sp.h,er, o~s,o:me 

light passing through the center, a l l  .ar~g:u,e a,g~a,i.n, sf the  cor~cept. The  
fggty r~e,s,erve of  p:in~e s,eed:s, re,or,cover, 

occurs  in the fo rm of a homogeneous  depos i t  b e t w e e n  the a feurone  gra ins  
and  wi th in  the cell wa l l  (N y ,m a n 1965), whi le  in the  rdpening f ru i t  of 
Persea (avocado)  fa t  depos i t ion  occurs  in the absence  of vi.sible change in 
the spherosomes  (unpub l i shed  results).  These  e x a m p l e s  ind ica te  t ha t  
there  is insuff ic ient  reason  to associate  spherosomes  w.ith s torage  of  fat .  

As a e y t o p l a s m i c  cons t i tuen t  of p l a n t  cells, spheres.crees resemble  more  
t han  fa t  the specific g ranu les  in leucocytes  of a n i m a l s  (F a w e e t t 19()6). 
Both  con ta in  p h o s p h o l i p i d s  and  pro te ins ,  bo th  are  osmiophi l ic ,  and  bo th  
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are l imited b y  a membrane .  Pos,s~:bly spherosomes  share another  charac- 
~eri~stic wi th  the granules of heterophi l  arrd eosinophil leucocytes, since they  
have been repor ted  to contain several  hydro ly t ic  errzymes associated wi th  
lysosomal s (W a ~ e k - C z e r n e c k a 1962, 1965, G a h a n 1965, 
G o r s k a - B r y l a s s  1965, O l s z e w s k a  et al. 1965). I f  their  f.unctions 
remain  uncertain,  spherosomes at least seem pa r t i cu l a r ly  to be associated 
with  metabol ica l ly  active cells, such as the alenrone tissue of ba r l ey  '(H y d e 
and P a I e g 1963, P a 1 e g and H y d e 1964), the synerg, ids of cotton (J  e n- 
s e n 1965 a), and the guard  cells of the leaf. 

S u m m a r y  

The resu,lts of a s tudy  on spherosomes in cells of the epidermis  and 
spongy pa renchyma  of Campanula persicifolia L. are presented in three 
sections. The first section is concerned with .observations on living mater ia l ,  
pa r t i cu l a r ly  on the distr,ibution and franslocations of the spherosomes 
within the outer arid inner layers  of the cytoplas,m, their  "bumping"  type  of 
motion, and their  coalescence into larger spher.o.i.ds when the cell dies, or 
is killed by  a number  of chemical fixatives. 

The second pa r t  describes staining reactions of s.pherosomes. Unal te red  
spherosomes do not stain wi th  the l ipid dyes, S u d  a n I I I and I V, O i l  
R e d O ,  r h o d a m i n e  B, and N.i , le  b l u e  A. They  stain wi th  S u d a n  
b 1 a c k B and a c i,d h e m a t e i n. They  are PAS-negat ive.  Spheros0mes 
do not react  wi th  several  redox dyes  used s,upravitally,  including J a n u  s 
g r e e n  B, i n d o p h e n o l  b l u e ,  n e o t e t r a z o l i u m  c h l o r i d e ,  and 
n i t r o - b 1 u e t e t r a z,o 1 i u m. We es t imate  any  staining of spherosomes 
in such p repa ra t ions  • be faint  and non-specific. Spheros~nes  are also 
unaffected b y  ribonuclea,se. Excel lent  staining ,of sphero,somes can  be 
achieved with  cryska,1 violet in 100% ethanol af ter  f ixation in osmium 
tefroxide and par t i a l  ext rac t ion o{ lipids. 

T~he th~'~d s,ec~ion ,d~scris *ire de.ctron m,icros,capy ,o.f these b,odlies. Af ter  
,observing sp,h,er,~so~n,es ,durh~,g all  of tke s:ta~e,s ,o,f ,prepa,~ati,o~ for .el,eetr,on 
,micros,copy, we .can i,d,ent,ify tlrean wi~h certadnty ~n e~eetr~,n mic~o~g'rapks. 
Sgherosoan:es o,CCalr s,ial,gly, ~n 1oairs, or in Larg,ex gr~)u,p:s. T~aey are owo,id or 
spher ica l  memlbran,e-beun, d ,hlc~di,es tira~ cont,ain an c~sm,io,pliriLie nmt,e,rLa,1. 
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