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P R O  E X P E R I M E N T I S  

Mycoplasma-Like Organisms in Histological Sections of Infected Sandal Spike (Santalum album L,) 

B o t h  e lec t ron  mic roscopy  and  t r e a t m e n t  w i t h  t e t r a -  
cycl ine c o m p o u n d s  1 h a v e  p r o v i d e d  ev idence  t h a t  spike 
disease of s anda l  (Sa~lalum album L.) is caused  b y  my-  
cop lasma- l ike  organisms.  F u r t h e r ,  HULL et  al. 1 r epo r t ed  
t he  comple t e  absence  of v i rus  par t ic les  in  diseased sanda l  
b u t  ear l ier  workers  2, 3 h a v e  r e p o r t e d  t he  p resence  of i n t r a -  
ce l lnar  bodies  in  t h e  p a r e n c y m a t o u s  a n d  ep ide rma l  t i ssues  
of sp ike - in fec ted  sanda l  p lan t s .  I t  h a s  been  c la imed t h a t  
these  inc lus ions  m a y  be  of v i r a l  or igin ~, a. 

H a v i n g  in m i n d  t he  r ecen t  i nves t i ga t i ons  on mycoplas -  
m a  diseases of p l a n t s  a n d  animals ,  we h a v e  t r i ed  to  inves t i -  
gate  t he  possible  loca t ion  of c e r t a i n  mycop la sma- l i ke  
o rgan i smus  or cy top l a smic  inc lus ions  of m y c o p l a s m a l  
origin b y  us ing  ce r t a in  specific s t a ins  a n d  l igh t  micros-  
copy. 

Materials  and methods. Procedu re  1: S tems  a n d  leaves  
of h e a l t h y  sanda l  p l a n t s  and  those  of sp iked  p l a n t s  in  
v a r y i n g  s tages  of in fec t ion  were f ixed in (FAA) formal in ,  
ace t ic  acid a n d  a lcohol  in  a r a t i o  of 3 : 1 : 5  for 24 h a n d  
s u b s e q u e n t l y  e m b e d d e d  in  wax.  L o n g i t u d i n a l  sect ions  of 
these  ma te r i a l s  were cu t  a t  2 to  5 v m  th ickness ,  s t a ined  
(1% aqueous  Giemsa  or Dienes  s ta in)  a n d  m o u n t e d  in 
c a n a d a  ba l sam.  

P rocedure2 :  F r e sh ly  cu t  s t ems  of t he  above  ma te r i a l s  
were w a s h e d  in w a r m  p h o s p h a t e  buf fe red  sal ine (pH 7.2) 
a n d  f ixed  for  2-5  m i n  in m e t h y l  alcohol.  L o n g i t u d i n a l  
sect ions  of these  ma te r i a l s  were cu t  a t  2 to  8 v m  th ick-  
ness  (using a s l id ing micro tome) ,  s t a ined  w i t h  Giemsa  
(01  g Giemsa  in 100 ml  p h o s p h a t e - c i t r a t e  buf fer  p H  6.8) 
for 2 h, t h e n  w a s h e d  in 2 changes  of ace tone  a n d  2 changes  
of a m i x t u r e  of equa l  p a r t s  of ace tone  a n d  xylol ,  c leared 
for 5 m i n  in xylol  a n d  t h e n  m o u n t e d  in c a n a d a  ba l sam.  

Results  and discussion. Cytop lasmic  inc lus ions  were 
obse rved  in t h e  cells assoc ia ted  w i t h  p h l o e m  a n d  x y l e m  
t i ssues  (xylem p a r e n c h y m a )  of sp iked  sandal ,  whereas  
these  bodies  were n o t  found  in a n y  t i ssues  of un in fec t ed  
p lan t s .  The  cy top l a smic  inclus ions  obse rved  were n o t  
s imi la r  to  those  obse rved  b y  ear l ier  workers  2, 3 The  in- 
clusions s t a ined  d a r k l y  a n d  appea red  as spher ica l  pa r t i -  
cles or branct~ed cha ins  of coccoid forms  and  were  f o u n d  
d i s t r i b u t e d  t h r o u g h o u t  t h e  l u m e n  of t h e  cell, occupy ing  
n e a r l y  i/3 of t he  t o t a l  cell v o l u m e  or more  in some cases. 
Dienes  s t a in  is genera l ly  used  as a specific s t a in  for myco-  

p lasma- l ike  organisms,  b u t  in these  inves t iga t ions ,  a t  
least,  Giernsa  (Procedure  1) seemed to  offer b e t t e r  s ta in-  
ing. 

Mycop lasma- l ike  o rgan i sms  h a v e  been  c i ted ill t h e  
p h l o e m  t i ssues  b y  a n u m b e r  of i nves t iga to r s ,  b u t  v e r y  
r a re ly  ill t h e  x y l e m  a n d  p a r e n c h y m a t o u s  t i ssues  4. 

I-IAYFLICK a n d  STINEBRING 5 h a v e  r e p o r t e d  t h e  pres-  
ence of pu rp l e  coloured  bodies  of p l e u r o p n e u m o n i a -  
l ike o rgan i sms  (PPLO)  in chick  e m b r y o  t issues.  These  
bodies  s t a ined  deep ly  w i t h  the  M a y - G r u n w a l d - G i e m s a  
stain.  T h e y  were called i n t r a c y t o p l a s m i c  inclusions,  compa-  
rable  to  ' e l e m e n t a r y  bodies '  (smal les t  un i t  of a mycoplas -  
ma) or groups  of t h e m .  S imi la r  aggrega ted  inc lus ion  
bodies  of P P L O  h a v e  been  r epo r t ed  6 in t h e  c y t o p l a s m  of 
H e L a  cell cul tures .  These  bodies  were found  s ca t t e r ed  
t h r o u g h o u t  t h e  cy top l a sm in necro t ic  cells. WttlTTLESTONE ~ 
aga in  us ing  Giemsa  stain,  has  obse rved  colonies consis- 
t i ng  of b r a n c h i n g  c h a i n s  of coceoid g lobular  s t r u c t u r e s  in  
pig lung  t issues  in fec ted  b y  mycop la sma- l i ke  organisms.  
BAWYER s, us ing  e lec t ronmicroscopy ,  has  r epo r t ed  spher i -  
cal my co p l a s ma- l i k  e o rgan i sms  in l o n g i t u d i n a l  sect ions  
of ' L e g u m e  L i t t l e  Leaf ' .  

T h e  i n t r a c y t o p l a s m i c  spher ica l  bodies  obse rved  in t h e  
in fec ted  sanda l  were i n d e n t i c a l  in  s t r u c t u r e  w i t h  t h e  bodies  
obse rved  b y  HAYFLICK a n d  STINEBRING 5 a n d  b y  BAW- 
YER S. The  colonies of coccoid forms,  wh ich  of ten  showed 
connec t ions  w i t h  one ano the r ,  were iden t ica l  w i t h  those  
obse rved  b y  WHITTLESTOI~7 in a n i m a l  t issues.  T h e  mor-  
pho logy  of these  inc lus ions  is so d i s t inc t ive  t h a t  t h e y  are 
a l m o s t  c e r t a in ly  of m y c o p l a s m a l  origin.  T h e y  could e i the r  
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Fig. 1, 2 and 3. Parenchymatous 
cells (phloem) showing cytoplas- 
mic inclusions of mycoplasmal or- 
igin in the spike infected sandal 
plants. • 3500. 



1572 Specialia EXeERIEXTIA 29/12 

be  mycop lasm- l ike  o rgan i sms  or p r o d u c t s  of t he i r  m e t a -  
bolism, or bo th .  

If  these  obse rva t ions  are va l ida ted ,  t h e n  t h e y  could 
p rov ide  a s imple  m e t h o d  for p r e l i m i n a r y  screening  of 
in fec ted  tissues,  pa r t i cu l a r ly  over  large areas.  

Rdsumd. Une  m 6 t h o d e  s imple  est  d6cri te  pou r  l ' & u d e  
rad ioscop ique  des t i ssus  du  bois de S a n t a l  (Sanlalum 
album L.) infect6s p a r  u n  o rgan i sme  du t y p e  d i t  myco-  
p lasme.  Les t echn iques  c o m p r e n n e n t  au pr6a lab le  l ' em-  
ploi  de co loran ts  Giemsa  et  Dienes,  pr6c6dan~: l ' & u d e  

microscopique.  Des o rgan i smes  du  t y p e  d i t  m y c o p l a s m e  
et  (ou) des inclus ions  cy top la smiques  d 'o r igne  mycoplas -  
mique  on t  6t6 localis4es darts les t i ssus  con tamin6s  du  
bois de Santa1, s u r t o u t  duns  les r6gions du xyl~me et  du  
phlo6me.  

H. S. ANANTHA PADMANABHA, S. P. BISEN a n d  
R. NAYAR 

Forest Research Laboratory, 
Bangalore 3 (India), 
6 November 1972. 

The A m y l o l y s i s  of a Subst i tuted Starch Substrate  

A l t h o u g h  a large n u m b e r  of p rocedures  for the  assay  of 
g- or /~-amylase  ar  e r epo r t ed  in t he  l i t e ra tu re ,  t h e  s epa ra t e  
m e a s u r e m e n t  of t he  ac t iv i t i es  of these  enzymes  in t he  
same reac t ion  m e d i u m  sti l l  poses a p rob lem in inves t iga-  
t ions  deal ing  w i t h  t h e  occurrence  of g- a n d  fl-amylase 
isozymes in g e r m i n a t i n g  seeds or w h e n  s t u d y i n g  appl ica-  
t ions  in  b o t h  i ndus t r i a l  f e r m e n t a t i o n  processes a n d  in food 
and  p h a r m a c e u t i c a l  i ndus t ry .  P r e l i m i n a r y  e x p e r i m e n t s  
based  on a con t ro l led  se lect ive  d e n a t u r a t i o n  of one of the  
e n z y m a t i c  p a r t n e r s  in  t h e  r eac t ion  m i x t u r e  h a v e  no t  g iven  
us sa t i s fy ing  results .  

The  difference of rheo logy  1 du r ing  the  g- or /3-amylolysis  
"does no t  al low d i s c r im i na t i on  be t w een  ~- and /3 -amylo ly t i c  
act iv i t ies ,  since v i scos imet r ic  m e a s u r e m e n t s  follow the  
v a r i a t i o n  of t he  we igh t  ave rage  degree of po l ym er i za t i on  
of t h e  s u b s t r a t e  and  t he  r eac t ion  produc ts ,  whi le  t he  
express ion  of t he  h y d r o l y t i c  a c t i v i t y  is a func t ion  of the  
n u m e r i c a l  average  degree of po lymer iza t ion .  I t  is obv ious  
t h a t  t he  v a r i a t i o n  of these  two p a r a m e t e r s  d u r i n g  t h e  
endohydro lys i s  b y  a -amylase  or t he  exohydro ly t i c  a t t a c k  
b y  fl-amylase does no t  proceed  in t he  same m anne r ,  so 
t h a t  i t  is d i f f icul t  to  e s t ab l i sh  in b o t h  cases a r e l a t ionsh ip  
be tween  a drop  in v i scos i ty  a n d  t he  hydro lase -ac t iv i ty .  

W e  found,  however ,  t h a t  b y  coupling,  for ins tance ,  a 
ch romogen ic  molecule  to  s tarch ,  t he  exohydro ly t i c  ac t ion  
of /3-amylase on  th i s  s u b s t r a t e  is inh ib i ted ,  whi le  these  
s u b s t i t u e n t s  on  t he  hel ixes  of t h e  s u b s t r a t e  on ly  func t ion  
as acc iden ta l  ba r r i e r s  for s - amy la se  a n d  do no t  h i n d e r  the  
progress ing  e n d o h y d r o l y t i c  a t t ack .  To f ind a su i ted  
s u b s t i t u e n t  was no t  so diff icult ,  s ince ch romogen ic  sub-  
s tances  which  can  be  b o u n d  c o v a l e n t l y  w i t h  t he  glucose 
monomers ,  were deve loped  for t he  t ex t i l e - indus t ry .  For  
th i s  purpOse t h e  C ibach ron  Blue  F 3 G A  (Ciba), a chromo-  
genic p r o d u c t  of the  monoch l o r o t r i a z i ne  type,  p r o v e d  to 
be indica ted .  

Material and methods. Crysta l l ine  a -amylase  f rom hog 
panc rea s  and /3 -amyla se  f rom sweet  po t a toe s  are p r e p a r e d  
b y  t he  W o r t h i n g t o n  Biochel i l ical  Corpora t ion .  Di lu t ions  
are m a d e  w i t h  a so lu t ion  c o n t a i n i n g  0.1% o v a l b u m i n  
(Sigma Grade  V), 16% NaC1 a n d  0 .05% CaC12.2H20. The  
m e a s u r e m e n t  of t he  t o t a l  g- and  f l -amylolyt ic  a c t i v i t y  is 
pe r fo rmed  b y  means  of a r e d u c t o m e t r i c  m e t h o d  2, w i t h  
s t a r c h  a f te r  Zu lkowsky  (Merck) as s u b s t r a t e  a n d  3,5~ 
dini t rosa l icyl ic  acid as oxyd iz ing  agent .  The  assay  of t he  
g-amylase  a c t i v i t y  us ing  a c h r o m o p h o r e  s u b s t r a t e  
(Phadebas ,  P h a r m a c i a )  is conduc t ed  b y  t h e  co lor imet r ic  
p rocedure  3 or b y  the  p l a t e  di f fus ion t e c h n i q u e  ~ descr ibed 
b y  CESKA. 

Results and discussion. The  inf luence  of a s u b s t i t u t i o n  
s t a r ch  s u b s t r a t e  on t he  exo- a n d  endo-amylo ly t i c  a t t a c k  
can  v e r y  well  be  e v a l u a t e d  s e m i q u a n t i t a t i v e l y  w i t h  t he  
help  of a p la t e  di f fus ion t e c h n i q u e  b y  i nco rpo ra t i on  in t he  
agargel  of a su i t ab le  c h r o m o p h o r e  (Cibachron  F3GA) 
s t a r c h  p repa ra t i on .  W e  f ind t h a t  on ly  a -amylase ,  due to 
i ts  endoamylo ly t i c  ac t iv i ty ,  p roduces  a well  def ined c i rcular  
t r a n s p a r e n t  d iges t ion  zone, whi le  t he  presence  of /3- 
amylase ,  even  in h igh  a m o u n t s  (90% w/w), does no t  give a 
v is ib le  effect. W e  could also d i f f e ren t i a t e  t he  g- a n d  
/%amylolyt ic  ac t iv i t i es  q u a n t i t a t i v e l y  in  t he  same p repa ra -  
t i on  (Table).  The  t o t a l  e- a n d  /3-amylase ac t iv i ty ,  in 
nmoles  glucosidic bonds  hyd ro lysed  pe r  rain,  is m e a s u r e d  
w i th  a r e d u c t o m e t r i c  me thod ,  while  t he  specific colori- 
me t r i c  dosage of t he  ~-amylase  a c t i v i t y  is pe r fo rmed  b y  
m e a n s  of an  inso luble  c h r o m o g e n  coupled  subs t ra t e .  The  

1 S. SCHARP~ and A. LAUWERS, Farm. Tijdschr. Belgi~ d8, 354 (1971). 
2 S. SCttARek, Clin. chim. Acta 37, 301 (1972). 
a M. CESKA, K. BIRATH and B. BROWN, Clin. chim. Acta 26, 437 

(1969). 
4 M. CESXA, Eur. J. Biochem. 22, 186 (1971). 

Differentiation of g- and/~-amylolytic action 

Elazyme per assay a-amylase activity Total g- and fi-amylase /3-amylase 
(ng) (chromophore substr.) activity activity 

(reductometric) 

g-amylase /~-amylase (A6~ o converted to nmoI/min -1 ) (nmol/miu -1) (nmol/min -1 ) 

0 9 0 27 27 
18 9 13 40 27 
36 9 26 53 27 
54 9 39 66 27 

To evaluate the g-amylase activity in nmoI/min -1, the absorbance values measured using the chromophore substrate, are multiplied by 0.23. 


