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Abstraet. MLO containing invaginations were found in protoplasts of phloem parenehyma 
cells in symptomless young leaves of Ribes houghtonianum JANCZ. infected with a yellows disease. 
The invaginations originate between the cell wall and plasmalemma, usually at plasmodesmata, 
and change apparently into superficial vesicles in the protoplast; they arc entirely or partially 
limited by host plasmalemma. The formations mentioned oeeur in parenehyma cells which 
contain normal organelles. Sometimes they are divided by a smooth membrane system enclosing 
MLO. Besides MLO the invaginations contain in some cases slimy fibrils resembling the P-protein 
in sieve tubes. The MLO bodies seen in invaginations have usually a diameter of 50--250 nm 
and their plasmalemma (unit membrane) is identical with the plasmalemma of MLO bodies 
occurring in sieve tubes. However, oo-I 5, few MLO bodies in invaginatlons are electron dense, 
so that they resemble naturally degenerated forms of MLO. Similar MLO containing invagiuations 
were formerly described from some leafhoppers transmitting MLO. 

Additional index words: parenehyma cells; plasmalemma; P-protein; Ribes houghtonianum 
JA~cz.; yellows disease. 

Mycop la sma- l ike  o rgan i sms  (MLO) cons idered  to  be causal  agen ts  of  p l a n t  
ye l lows diseases  f r e q u e n t l y  occur  in sieve tubes  of  d iseased p lan t s ;  severa l  
a u t h o r s  found  t h e m  also in c o m p a n i o n  cells a n d  in p h l o e m  p a r e n c h y m a  cells. 
The  first p a p e r  deal ing w i th  p h y t o p a t h o g e n o u s  MLO b y  D o I  et al.  (1967) 
p r e s e n t e d  MLO in c y t o p l a s m  of  ph l oem  p a r e n c h y m a  cells. Howeve r ,  m a n y  o the r  
p a p e r s  descr ib ing  M L O  in c o m p a n i o n  cells (GOUa~ET 1970, WORLEr 1970 a n d  
others)  d id  no t  p r o v e  t h a t  the  cells in ques t ion  were undergo ing  c y t o p l a s m i c  
degenera t ion .  A v e r y  good  ev idence  of  MLO presen t  in p l a n t  hos t  c y t o p l a s m ,  
a long  wi th  a p p a r e n t l y  n o r m a l  organel les  was  pub l i shed  b y  BOWYER and  
ATHERTON (1970) who conc luded  t h a t  a t  leas t  a t  some s tage  of  infect ion,  the  
occur rence  of  MLO bodies  in i n t a c t  c y t o p l a s m  sugges ts  a more  h ighly  
specia l ized hos t -pa ra s i t e  re la t ionship .  

Some  f u r t h e r  resul ts  dea l ing  wi th  an  assoc ia t ion  of  hos t  p l a s m a l e m m a  
wi th  MLO are i m p o r t a n t  for  our  con t r ibu t ion .  HIRUKI  a n d  DIJKSTRA (1973) 
pub l i shed  an  e lec t ron  m i c r o g r a p h  of a sac-l ike f o r m a t i o n  a t  the  cell wall  
l imi t ed  b y  p l a s m a l e m m a  a n d  con ta in ing  MLO, d e g e n e r a t e d  mate r ia l ,  a n d  
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a lipid body. PROTSE:NKO and SURGUCHEVA (1974) observed similar vesicles 
even in intact  cells of JRibes nigrum L. and suggested their function in MLO 
infection process. We want to compare our results especially with the paper 
by MAILLET (1970) discussing the cycle of MLO in a leafhopper vector. In  
the periphery of salivary glands of Euscelis lineolatus BRULL]~ MAILLET 
observed invaginations in secretory cells containing MLO. This phenomenon 
could be interpreted as a cellular infection by endocytosis, i.e. as a transition 
of the extracellular stage of MLO cycle in the leaf hopper into the intracellular 
one. I t  indicated a mode of transition of MLO from haemolymph into cells 
of salivary glands. Then, individual MLO bodies could be observed envacuo- 
lized inside the endoplasmic reticulum. 

Investigating a yellows disease of Ribes houghtonianum JA~CZ. we have 
observed a lot of MLO in sieve tubes of fruit stems (RAKt~S et al. 1974). 
Because this disease caused symptoms in flowers and fruits only, we also 
investigated some other plant organs showing no symptoms. In this paper 
some peculiarities found in phloem tissue of young growing leaves are 
described. 

Material and Methods 

Twigs  of  d iseased  c u r r a n t  p l a n t s  JTibes houghtonianurn JAb-OZ. were suppl ied  by  Ing .  ]9. l:(akfis 
(P l an t  b reed ing  a n d  research  s t a t i on  Bojnice,  Slovakia) .  Veins  were cut, ou t  f rom smal l  y o u n g  
s y m p t o m l e s s  l eaves  g rowing  nea r  bunches  ca r ry ing  yellows m a l f o r m e d  berries a n d  t r ea t ed  
accord ing  to p rocedure  descr ibed genera l ly  by  SABATI~I et al. (1963) and  MILLE (1967) as follows: 

Spec imens  were f ixed for 2 h in 5o/o g l u t a r a l d e h y d e  (in p h o s p h a t e  buffer) a t  0---5 ~ The  
f ixa t ion  was  acce lera ted  u s i ng  v a c u u m  133 m b a r .  Af te r  w a s h i n g  the  spec imens  were pos t f ixed  
for 1 h in 2O/o o s m i u m t e t r o x i d  e a n d  t r ans fe r red  con t i nuous ly  in to  70o/o ace tone  s a t u r a t e d  wi th  
u r a n y l a c e t a t e  a n d  kep t  in it  a t  n igh t .  T h e n  t he  spec imens  were t r ans fe r r ed  into water- f ree  
ace tone  a n d  for 1 h into p ropy lenox ide ,  a n d  f inal ly for 12 h in to  t he  n o n u c t i v a t e d  D u r e u p a u  
A C M  di lu ted  wi th  5 vol. o f  p ropy lenox ide .  Af t e r  evapora t i on  of  p ropy lenox ide  t h e  m e d i u m  was  
rep laced  b y  t h e  a c t i v a t e d  m i x t u r e  o f  D u r c u p a n  ACM a n d  t he  spec imens  were e m b e d d e d  in b locks  
in silicone fo rms  SF. U l t r a t h i n  sec t ions  m a d e  b y  an  u l t r a m i c r o t o m e  Re iche r t  OM-U2 were 
s t a i n e d  w i th  2 %  u r a n y l a c e t a t e  for  2 ra in  a n d  wi th  lead c i t ra te  for 10 rain  (RAYNOLDS 1963). 
E lec t ron  m i c r o g r a p h s  were t a k e n  b y  m e a n s  of  an  e lect ron microscope  J E M  100 B. 

Results 

Phloem parenchyma cells in which normal organelles were present and in 
which there was no evidence of a cytoplasmic degeneration (usually it was 
difficult to determine the type of cells involved) showed invaginations of 
protoplasts starting at the cell wall and protruded into protoplasts either 
funnel-like (Figs. 1, 2, 3, 4) or, more often, bulb-like (Figs. 5, 6). Many in- 
vaginations looked like encysted formations (Figs. 7, 8, 9). Some electron 
mierographs indicate the probable origin of invaginations by pressing 
plasmalemma into protoplast (Figs. 3, 10). The presumptive development of 
these formations begins with a funnel-like invagination (Fig. 2) which alters 
in an open bulb-like form (Fig. 6) and finally in a vesicle fully enclosed by the 
protoplast (Figs. 7, 8, 9). One cell may  contain several invaginations which 
also occur in cells partially vacuolized. Inside, the invagination may be 

Abbrevdations used: C p -  chloroplas t ,  C]u - -  cell wall,  E R  - -  endop lasmio  r e t i cu lum,  
G - -  Golgi body ,  I N V  - -  i nvag ina t ion ,  M - -  m i t ochond r ion ,  N - -  nuc leus ,  P d  - -  p l a s m o d e s m a ,  
P P  - -  P .p ro t e in ,  SP - -  s ieve p la te ,  ST - -  s ieve tube ,  U M  - -  un i t  m e m b r a n e ,  V - -  vacuole .  
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divided by large smooth membrane systems separating a portion of the 
content of an invagination (Figs. 7, 9). 

The invagination may contain sparse fibrous mass (Figs. 5, 6, 7, 9) which 
is very like the proteinaceous component -- usually called slime fibrils and 
occurring in sieve tubes (Fig. 14) -- which CaoNs~tAw and ESA~ (1968) 
proposed to name P-protein. 

All invaginations contain spherical or oval bodies limited by a three-layer 
unit  membrane (Figs. 8, 11) identical with the unit membrane of MLO 
occurring in sieve tubes (Fig. 15). The shape and size of these bodies cor- 
respond to small MLO bodies in sieve tubes (cf. Figs. 14, 15). Some electron 
micrographs (Figs. 4, 6, 10, 1 I, 12) also show the similarity of the internal 
contents. 

The MLO accumulation i~ invaginations need not be limited by the host 
cell plasmalemma entirely (Figs. 11, 12). The MLO bodies are usually small 
(50--250 nm in diam.). In the host plant cells containing invaginations 
normal organelles are present, e.g. nucleus, mitochondria, endoplasmic 
reticulum, ribosomes, Golgi body, chloroplasts (Figs. 1, 2, 4, 5, 6, 7, 10). The 
invagination usually lies at the cell wall from which it is not  separated by 
a membrane (Figs. 1 to 6, 10 to 13). In  such cases the invaginations were 
observed near plasmodesmata (Figs. 6, 8, 13) and sometimes opposite in 
two adjacent  cells (Fig. 13). 

Diseussion 

Invaginations in protoplasts of plant host cells contained MLO bodies of 
only 50--250 nm in diam. and limited by a unit membrane.  The internal 
structure of these MLO bodies sometimes resembled the content  of MLO 
occurring in sieve tubes, but  usually they  have merely sparse cytoplasmic 
contents. Such bodies were similar to vesicles going out of a large MLO body, 
as described by HIRUMI and MA~AMOROSCH (1972), who suggested tha t  
these "vesicles" lacking internal contents were possibly nonviable debris. 
MLO bodies having approximately the same size and internal structure also 
occurred in sieve tubes together with elementary bodies and large bodies 
possessing normal internal structure. 

Several authors (e.g. GOVRRET and MAILLET 1969) proved the passage oI 
MLO through sieve plate pores, but  a reliable information on the mode of 
infection and on infection process of parenchyma cells is lacking. LO~IBARDO 
et al. (1970) observed in young parenchyma and companion cells MLO whose 
diameter  ranged between 50 and 400 nm, i.e. smaller bodies than  in mature  
sieve elements; the observed cytoplasmic vacuolization of the invaded host 
cells also corresponds with our results. 

LOMBARDO et al. (1970) found in one of the youngest leaves a limited portion 
of a vein in which MLO were visible, in a young parenchyma cell of the 
phloem, between plasmalemma and cell wall and in peripheral cytoplasmic 
vacuoles. The plasmodesmata connecting infected cells very often contained 
masses of electron dense material. They suggested tha t  MLO could be 
extruded by  the cell both by lysis of the plasmalemma, as is the case in 
degenerating cells, where MLO and cytoplasmic material are often seen 
together  outside the plasmalemma (a similar hypothesis contains the paper by 
PROTSE~KO and S~RGUCHEVA 1974), and, perhaps, by reverse pinocytosis, as 
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suggested by the presence of MLO in peripheral cytoplasmic vacuoles. The 
passage of MLO through the plasmodesmata could be inferred from the 
electron opaque content of the latter, suggesting the presence of foreign 
material inside them. This hypothesis of 5~LO transmigration through 
plasmodesmata suits very well the interpretation of our findings. 

Invaginations in plant cell protoplasts, changing apparently in vesicles 
containing ML0, strongly suggest a very similar effect of ML0 in leafhopper 
tissues described by MAILLET ( 1 9 7 0 )  and interpreted as endocytosis. A similar 
effect of MLO on the leafhopper Macrosteles fascifrons (STs carrying MLO 
(clover phyllody agent) was observed by SINUA and I:)ALIWAL (1970). They 
sometimes found the "vesicles" in the basement membrane of the mid 
intestinal wall; these vesicles which were filled with MLO cells may represent 
a pathological effect produced by MLO in this tissue. 

Since we did not find in invaginations any MLO whose shape would suggest 
MLO reproduction (e.g. filamentous bodies, budding, binnary fission, chains 
of dense coccoid bodies etc.), we can present a comparison of our results with 
the published facts merely as a hypothesis. 
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O. KI~XLI~, J. B ~ X ~  (Praha): lnvaginace protoplastu rostlinn~'eh bun~k obsahu|iei t/~liska 
pHpominajici mykoplazmu (MLO). -- Biol. Plant. 17 : 214--218, 1975. 

V l~-kov6 ~ s t i  c~vnlho svazku bezpHznak:~-ch mlad:~eh listfi ryblzu Ribes houghtonianum 
JA..x~CZ., naka~,en~ho ~loutenkovou ehorobou ,,plnokv6tosti", byly v parenohymov~oh bufik~oh 
zji~tt6ny vehlipeniny protoplastu obsahujlei MLO. Tyro invaginace vznikajl mezi bun65nou stit- 
nou a plasmalemou obvykle u plasmodesmfl. Z in,2aginaci z~ejm~ vznikajl vesikuly v povrehu 
protoplasttt  obsahujlci MLO; jsou ~tpln6 nebo jen 6~ste6n6 uzav~eny plasmalemou hostitele. Tyro 
invaginace a vesikuly se vyskytuji  v parenehymov:~ch bufl-ks obsahujieieh norms organely 
a n6kdy jsou roz6len6ny syst6mem hladk~eh membrs v n~m~ b~-v~, t6~ uzav~en jejieh obsah 
MLO. Uveden~ fitvary n~kdy obsahuji krom6 MLO t~i fibril~rnl hmotu, kters p~ipomln~ P-pro- 
tein v sitkov~ ~ieh. T~llska MLO v invaginaeich maji nejSast~ji prflm~r 50-- 250 nm, jejioh plasma- 
lema je stejns jako u t61isek MLO v sitkovieieh; pouze n~kters t~liska maji hustw obsah, ~ak~e 
p~ipominaji p~rozen~ degenerovan~ formy MLO. Podobn8 invaginace s MLO jsou zn~my z kHs4 
p~en~,~ejieich MLO~ 

BOOK R E V I E W  

SHUL'GI~, ][. A.: Bastenie i Solntse [Die Pflanze und die Sonne]. -- Gidrometeoizdat, Leningrad 
1973. 251 S. Rbl. 1,92. 

Die wichtigste Energiequelle in unserer Welt - -  die Sonnenstrahlung - -  und deren Einfluss 
auf die Pflanzen, auf die Photosynthese, das Wachstum und die Entwicklung sind das Thema 
dieses Buches, welches eine erwelterte und umgearbeitete Ausgabe eines 1967 ersehienenen Buches 
desselben Verfassers ist. ]:)as erste Kapitel behandelt  die pbysikalischen Grundlagen der Sonnen- 
strahlung wie Spektralverteilung, Energiegehalt, Absorption, Reflexion, Transmission, Verteilung 
der Sonnenstrahlung in versehiedenen Pflanzengesellsehaften, optische Eigensehaften des Blattes 
usw. Im 2. Kapitel verfolgt der Verf. den Einfluss der Sonnenstrahhmg event. Lieht verschie- 
dener spektralcn Zusammensetzung auf die Pflanze: auf das Langenwachstum der Pflanzen- 
organe, (lie anatomische Struktur des Blattes, den Pigmentgehalt  und in Kapitel  3 den Einfluss 
auf Photosynthese und Produktivi tat  der Pflanzen. Ein besonderer Absehnitt  behandelt  das 
~Vachstum und die Entwicklung der Pflanzen bei kiinstlicher Beleuehtung, ein weiterer die photo- 
periodischen Reaktionen der Pflanzen. Aspekten der evolution~ren Adaptation der Pfianzen zur 
Sonnenstrahlung ist des letzte 4. Kapitel gewidmet. Des Bueh schliesst mit  einer russischen und 
englischen Zusammenfassung und einem ausfiihrliehen Literaturverzeichnis (515 russisehe und 
286 anderssprachige Zitationen, in den fremdsprachigen Zitationen leider Druekfehler). Zu bo- 
dauern ist, dass weder Autoren- nooh Sachregister ausgearbeitet wurden. Verf. trug in diesem 
Buch eine grosse Menge faktisehen Materials (801 Zitationen, 71 Abbildungen und 85 Tabellen) 
zusammen und verarbeitete es zu einem Text, der den Spezialisten auf diesem Gebiet bezeugt. 
Des Buch ist Interessenten auf dem Gebiet der Iandwirtschaftlichen Meteorologie, Biogeographie, 
Botanik (Physiologie und 0kologie), Landwirtschaft,  Geobotanik sowie Studenten bestimmt. 

I~aRII) TICH~ (Praha) 
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Fig.  15. Deta i l s  of  Fig. 14; no te  the  un i t  m e m b r a n e  of  MLO (52 500 •  89 000 •  110 000 • ). 


