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S o m e  U l t r a s t r u c t u r a l  O b s e r v a t i o n s  of C o t y l e d o n a r y  T i s s u e  and M i c r o b o d i e s  f r o m  P i s u m  

Biochemica l  a n d  h i s tochemica l  l i t e r a tu re  (reviewed b y  
TOLBERT 1) i l lus t ra tes  t h a t  va r ious  oxidases  a n d  hydro -  
lyases are  c o m p a r t m e n t a l i z e d  w i t h i n  p a r t i c u l a t e  compo-  
n e n t s  of t he  p l a n t  cell. B iochemica l  s tud ies  ~ 5 of p l a n t  
t i ssues  h a v e  shown  t h a t  s i n g l e - m e m b r a n e - b o u n d  par t ic les  
r i ch  in e - h y d r o x y  acid oxidase  a n d  cata lase ,  enzymes  
cha rac t e r i s t i c  of a n i m a l  peroxisomes ,  c an  be  isola ted f rom 
h o m o g e n a t e s  of p l a n t  ceils. R e c e n t l y  FREDERICK an d  
NEWCOMB 6'7 h a v e  shown a n  ' equ iva lence  be tween  leaf  
pe rox i somes  and  leaf  mic robod ies '  in  p h o t o s y n t h e t i c  
t i ssue  b y  emp loy ing  a n  e lec t ron  cy tochemica l  reagent ,  
3 ,3-d iamino-benzid ine .  This  c o m p o u n d  has  also been  
e m p l o y e d  to d e m o n s t r a t e  pe rox ida t i c  a c t i v i t y  of a n i m a l  
mic robodies  c o n t a i n i n g  cata laseS ~. 

I n  t h e  p r e sen t  s t u d y  s i n g l e - m e m b r a n e  mic robodies  an d  
spherosome- l ike  bodies  are d e m o n s t r a t e d  in pea  co ty l edon  
cells. 

Mater ials  and method. Seeds of P i s u m  sa t ivum L. var .  
H o m e s t e a d e r  were soaked in d is t i l led  w a t e r  for 4 h an d  
t h e n  fu l ly - imbibed  seeds were g e r m i n a t e d  for 92 h a t  
26~ The  t i ssue  was chopped  in to  1 m m  3 segmen t s  on  a 
b lock  of f rozen buf fe red  f ixa t ive  (4% (v/v) L a d d  g lu ta ra l -  

s a t i v u m  

d e h y d e  in 0.01 M p o t a s s i u m  p h o s p h a t e  p H  6.8 a t  0~ 
F i x a t i o n  was car r ied  o u t  a t  0~ for  21/~ h. Af te r  p r i m a r y  
f i xa t i on  t h e  t i ssue  was pos t - f ixed  in u n b u f f e r e d  1% (w/v) 
OsO 4 for  1/2 h. If  t h e  t i ssue  was to be  t e s t ed  cy tochemica l ly ,  
i n c u b a t i o n s  were done  before  pos t - f ixa t ion .  

T h e  cy t o ch emi ca l  p rocedure  used was t h a t o f  FREDERICK 
et  al.% deve loped  b y  NOVlKOEE a n d  GOLDFISCHER 11. 
I n c u b a t i o n s  were car r ied  o u t  in  covered  v ia ls  for 1.5 h a t  
37~ T h e  s t a n d a r d  i n c u b a t i o n  m e d i u m  c o n t a i n e d  10 m g  
D A B  (Sigma Chemica l  Co., St. Louis,  Mo.) 5 ml  of 0.05 M 
2-amino-2-methy l -1 ,  3 -propaned io l  buf fe r  p H  10.0 (S igma 
Chemica l  Co.), a n d  0.1 ml  of 3% (v/v) H202, Before  
a d d i t i o n  of t issue,  t h e  p H  of t h e  i n c u b a t i o n  m e d i u m  was 
a d j u s t e d  to 9.0. F i v e  con t ro l s  in  a d d i t i o n  to  i n c u b a t i o n  
in comple t e  m e d i u m  were pe r fo rmed .  T h e  cont ro l s  l i s ted  
were s imi la r  to  t hose  of FREDERICK et  al.6: i n c u b a t i o n  in 
p ro p an ed i o l  buf fe r ;  p r e i n c u b a t i o n  of t i ssue  s egmen t s  in  
p r 0 p a n e d i o l  buf fe r  c o n t a i n i n g  0.01 M K CN  for 20 ra in  
fol lowed b y  i n c u b a t i o n  in s t a n d a r d  m e d i u m  c o n t a i n i n g  
0.01 M K CN  ; anae rob i c  i n c u b a t i o n  in s t a n d a r d  m e d i u m  ; 
p r e i n c u b a t i o n  of t i ssue  segmen t s  in  0.02 M 3-amino-1,  2, 4- 
t r i azo le  (Aldr ich Chemica l  Co. Inc. ,  Milwaukee,  Wis.)  for 
20 ra in  fol lowed b y  i n c u b a t i o n  in  s t a n d a r d  m e d i u m  con- 
t a i n i n g  0 . 0 2 M  amino- t r i azo le ;  a n d  i n c u b a t i o n  of t i ssue  
s egmen t s  in s t a n d a r d  m e d i u m  m i n u s  H202. 

All  t i s sue  s egmen t s  were r insed  w i t h  0.01 M p o t a s s i u m  
p h o s p h a t e  buf fe r  (pH 6.8) p r io r  to  pos t - f ixa t ion .  Af te r  
pos t - f ixa t ion ,  t h e  t i ssue  was d e h y d r a t e d  in all a ce tone  
series, s t a ined  for  5 h in  70% (v/v) a c e t o n e  c o n t a i n i n g  
1% (w/v) u r a n y l  n i t r a t e .  

Af te r  ace tone  d e h y d r a t i o n  sh r inkage  of t h e  p l a s m a  
m e m b r a n e  was observed .  Th i s  d a m a g e  was m i n i m i z e d  b y  
us ing  t h e  f r eeze - subs t i t u t i on  m e t h o d  of MEPHAM a n d  
LANE 12. G l u t a r a l d eh y d e ,  OsO~-fixed t i ssue  segmen t s  in 
foil con t a ine r s  were  p l u n g ed  in to  a m i x t u r e  of m e t h y l -  
cyc lohexane :  i s o p e n t a n e  (2:23, v /v)  in  a l iqu id  N 2 b a t h .  
Af te r  freezing, t h e  con ta ine r s  were t r a n s f e r r e d  to  vials,  
c o n t a i n i n g  pre-cooled  m e t h a n o l ,  in  a m e t h a n o l / d r y  ice 
b a t h .  T h e  via ls  were s t oppe red  an d  m a i n t a i n e d  in t h e  
b a t h  for  30  days  w i t h  10 changes  of precooled  m e t h a n o l  
a f t e r  which ,  t h e  t i ssue  was  s t a i n ed  for 1 d a y  in 1% (w/v) 
u r a n y l  n i t r a t e  in  m e t h a n o l .  T h e  v ia ls  were  t h e n  s lowly 
b r o u g h t  to  room t e m p e r a t u r e ,  t r a n s f e r r e d  to e t h a n o l /  
ace tone  (1:1, v /v) ,  t h r o u g h  2 changes  of acetone,  an d  
e m b e d d e d .  

L i g h t  gold sect ions  were p r e p a r e d  us ing  a D u p o n t  dia- 
m o n d  knife  on a R e i c h e r t  O m  U2 u l t r a -mic ro tome ,  m o u n t -  
ed on  200 m e s h  grids  a n d  s t a i n ed  w i t h  aqueous  lead 
c i t ra te .  The  grids  were e x a m i n e d  w i t h  a Phi l l ips  E M  200 
a t  60 KV. 

Fig. 1. Cotyledon tissue not incubated with DAB. Dehydration of 
tissues b y  freeze-substitution give excellent preservation of rough 
endoplasmic reticulum (RER), nucleus (N) arid primary cell wall 
(PCW-+). Note spherosome-like bodies (SL). • 

Fig. 2. Spherosomes of cotyledon tissue not incubated with DAB. 
Note abundance of spherosome-like bodies (SL) in the  peripheral area 
of the cell. • 51,840. 
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Fig. 3. Incubation of the cotyledon tissue in the DAB staining system 
illustrates that deposition of reaction product is intense within single 
membrane mierobodies (Mb). • 23,045. 

Fig. 4. This illustration of an unstained Inicrobody (Mb) is typical of 
tissue incubated in propanedial buffer only, for the duration of the 
experimental period. Note spherosolne-like bodies (SL). • 36,175. 

Fig. 5. Section of cotyledonary tissue treated with 0.02M alniuo- 
triazole as a specific inhibitor for eatalase. The 4 structures shown are : 
a Inicrobody in which staining was completely inhibited by O.02M 
alnino-triazole (Mb), spherosolne-like body (SL), a mitoehondrion 
(Mt), and a dictyosolne (D). Note well defined limiting membrane of 
the Inicrobody (Mb). Extension of endoplaslnic reticulum can also be 
seen (-+). • 28,672. 

Fig. 6. Dehydration by freeze-substitution yields clear images of 
Inelnbranes as shown by Initoehondrial and nuclear inelnbranes (Nln) 
of pea cotyledon tissue not incubated in the experimental DAB me- 
dium. • 13,824. 

Results and discussion. The co ty ledon  t issue examined  
was found  t o con ta in  s ing le -membrane  microbodies  s imilar  
to  those  r epo r t ed  by  FREDERICK et  al.6,13 and  numerous  
spherosome-l ike  bodies.  The l a t t e r  were  d i s t r ibu ted  
t h r o u g h o u t  t he  cell, t hough  f requen t ly  more  numerous  in 
pe r iphera l  areas as i l lus t ra ted  in Figures  1 and  2. 

The int racel lular  local izat ion of cata lase  w i th in  single- 
m e m b r a n e  microbodies  of the  co ty ledon  is s u b s t a n t i a t e d  
by  observa t ions  p re sen ted  in Figures  4-6. As i l lus t ra ted  in 
Figure  5 pr ior  incuba t ion  wi th  0 .02M amino- t r iazole  in- 
h ib i t s  ca ta lase  act iv i ty ,  t h r r d e b y  inhib i t ing  D A B  s ta in ing  
of t he  microbody.  The observed b rowning  reac t ion  of 
t he  t issue was inh ib i t ed  by  cyanide  b u t  n o t  by  amino-  
tr iazole.  Crysta l l ing inclusions were absen t  f rom the  
mic robody  mat r ix .  The locat ion of ca ta lase-conta in ing  
microbodies  appeared  to be p r imar i ly  per iphera l  and  
f r equen t ly  in close p r o x i m i t y  to the  R E R .  

U l t r a s t ruc tu ra l  s tudies  of senescing co ty ledons  have  
led BAIN and  MERCER 14 to  correlate  u l t r a s t ruc tu ra l  dege- 
ne ra t ion  wi th  the  senescence of the  cotyledon.  Biochem- 

ically, it  has  been shown t h a t  reduced p t e roy lg lu t ama te  
der iva t ives  in pea  co ty ledons  reach~ a peak  value 3-4 
days  af ter  ge rmina t ion  15,1~ and consequent ly  me tabo l i sm 
of C-1 f r agment s  is max i ma l  dur ing  th is  period.  By 6-7 
days,  co ty ledon senescence,  exempli f ied  by  fungal  and 
bacter ia l  decompos i t ion  of co ty ledon  cells, is well esta- 
bl ished.  In  lieu of c o m p l e m e n t a r y  biochemical  and ultra-  
s t ruc tura l  i n fo rma t ion  and  wi th  the  ubiqui tous  occurrence 
of microbodies ,  i t  would  seem feasible to p red ic t  an age 
funct ional  difference wi th in  microbodies  of the  co ty ledon 
t h a t  could paral lel  t he  general  observa t ions  on the  senes- 
cence cycle in pea  cotyledons .  If  catalase alone is accepted 
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as the  h i s tochemica l  marker  d is t inguishing  th is  organel le  
or mic robody  such differences should be in t e rp re t ed  w i t h  
a cau t iona ry  note  ~7. 

Zusammen/assung. Mikrok6rperchen  mi t  E i n f a c h m e n -  
b r anen  wurden  bei 4 Tage a l ten  K o t y l e d o n e n  yon  Pisum 

sativum s tud ie r t  und  f i i r  e inen cy tochemischen  Kata lase-  
Test  e l ek t ronenmikroskop i sch  verwendet .  Das granul~re 
R e a k t i 0 n s p r o d u k t  aus dem 3, 3-d iamino-benzid in  Test  fiir 
Ka ta lase  wurde  ausschliessl ich in den E i n f a c h m e m b r a n e n  
der  Mikrok6rperchen  gefunden.  
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Poss ib i l i ty  of the  Use o f  S o m e  P h y s i c a l - G h e m i c a l  
m o n a s  a e r u g i n o s a  

Some phages  w i th  a wide spec t rum of effect iveness  
canno t  be d i f fe ren t ia ted  suff ic ient ly  by  means  of known  
cr i ter ia  (spect rum of phages  effect iveness,  e lec t ron micro-  
scopy, serological group etc.) used at  p resen t  1-5. In  our  
former  expe r imen t s  we ut i l ized the  inac t iva t ion  effect  of 
UV-and  X - r a y  radia t ion,  acr idine orange (AO) in darkness ,  
p h o t o d y n a m i c  inac t iva t ion  of AO, and  h y d r o x y l a m i n e  
for the  d i f fe ren t ia t ion  of a group of po lyva len t  s t aphy-  
lococcal phages,  and  we succeeded in t he  d i f fe ren t ia t ion  
of some po lyva len t  phages  by  means  of var ious  inact i -  
va t ion  effects of these  phys ica l -chemica l  agents  6-s. I n  
th is  s t u d y  we t r ied  to  use these  new tes ts  for the  d i f ferent i -  
a t ion  of phages  Pseudomonas aeruginosa. 

Material and methods. Bacte r iophages  Pseudomonas 
aeruginosa P573, P b  and 7S were mul t ip l ica ted  On hos t  
bac te r ia  PS  1 (phages P573) and PS  2 (phages P b  and  
7S). Bacter ia  were cu l t iva ted  on the  t r y p t o n e - y e a s t  
ex t r ac t  m e d i u m  (15 g t r y p t o n e  Oxoid, 7 g NaC1, 2 g 
yeas t  ex t r ac t  Oxoid;  for solid media  15 g of agar  per  
1000 ml of l iquid m e d i u m  were used). W h e n  p la t ing  the  
phages,  the  m e t h o d  of the  double- layer  agar  was used4. 

Irradiation o/phages with UV-light was carr ied ou t  in 
p h o s p h a t e  buffer.  For  i r rad ia t ion  a 15 W germicide  
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Fig. 1. Inactivation effect of UV-radiation Oil phages Pseudomonas 
aeruginosa P573, Pb and 7S. 

A g e n t s  for the  Dif ferent iat ion of P h a g e s  Pseudo-  

f luorescent  l amp Phi l ips  was  used. The dose-ra te  was 20 
e rgs / sec /mm 2. At  selected t ime  intervals ,  i r rad ia ted  phages  
were p la t ed  on Pe t r i  dishes  toge the r  w i t h  t he  cor respond-  
ing bac ter ia l  host .  For  X - r a y  i r rad ia t ion  the  Chaul 
appara tus ,  Mach le t t ' s  t ube  w i t h  the  expos i t ion  of 8,200 
r ad s / mi n  was used. Af te r  i r rad ia t ion  the  samples  were 
p la t ed  toge the r  wi th  bac te r ia  on Pe t r i  dishes. 

Photodynamie inactivation. The phage  lysate  was 
d i lu ted  10 t imes  wi th  p h o s p h a t e  buffer  (PH 7.0) and 
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Fig. 2. Inactivation effect of X-ray radiation on phages Pseudomonas 
aeruginosa P57 s, Pb and 7S. 


