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Fig. 6. Ceil wall formation at 4 n-interphase (fused nuclei). 2 h re- 
covery. • 830. 

Fig. 7. Incomplete ceil wall at bi-interphase. 6 h recovery. • 
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Fig. 8. Scheme showitlg the possibilities of development of binucleate 
cells, cat, caffeine treatment; bimit, bimitosis; ic, irregular cyto- 
kinesis; re, regular cytokinesis. 

In  some cells, a cy tokines i s  could be  s t a t e d  as well  
b e t w een  t h e  nucle i  of b inuc l ea t e  ceils (Figure 4) an d  - 
in  m o s t  cases - cons t r i c t ing  t h e  t e t r a p l o i d  nuc leus  of t h e  
2n -- 4n  -- 2n complex  (Figure 5). This  m a y  even  h a p p e n  
before b i t e lophase  has  f inished.  T h e  cell wal l  was a lways  
fo rmed  in t h e  equa to r i a l  p l a n e  of t h e  p receed ing  divis ion 
d i s t u r b e d  b y  caffeine.  I n  t e t r a p l o i d  cells a beg inn ing  
f o r m a t i o n  of a cell wal l  a t  i n t e r p h a s e  or d u r i n g  mi tos is  
could be  observed ,  too  (Figure 6); as these  nuclei  are 
supposed  to  h a v e  t he i r  or igin in  a fusion of two  nuclei  a t  
b i - i n t e rphase  or  b iprophase ,  t h e  cons t r i c t ions  h a p p e n  in 
t h e  fo rmer  equa to r i a l  plane,  too ;  in c o n t r a s t  to  i r regula r  
cy tokines i s  a t  b i t e lophase  no  comple t e  cons t r i c t ions  were 
obse rved  in these  cases. GONZkLEZ-FERNANDEZ et  al. 7 
conc luded  f rom cytokines is  d u r i n g  p rophase  in roots  
t r e a t e d  w i t h  e t h i d i u m - b r o m i d e  t h a t  cy tokines is  is inde-  
p e n d e n t  of RNA-syn thes i s ,  as soon as the  nuc leus  h a s  
en t e red  p rophase .  This  m e a n s  t h a t  the  f u n d a m e n t a l  
r e q u i r e m e n t s  of cy tokines i s  h a v e  been  fulfilled du r ing  
in te rphase .  Caffeine inh ib i t s  t h e  process  of cy tok ines i s ;  
on cond i t ion  t h a t  i t  does no af fec t  t h e  basic  r e q u i r e m e n t s  
of cytokinesis ,  i t  would  be possible  t h a t  a f te r  subs idence  
of caffeine effects cy tok ines i s  m a y  be  conc luded  du r ing  
r ecove ry  a t  t h e  or iginal  place, even  leading to  nuc lea r  
cons t r ic t ions .  I n  these  cases t h e  effect  of caffeine m a y  be  
r ega rded  as delay.  As cy tokines i s  was  observed  d u r i n g  
b ip rophase  an d  b i m e t a p h a s e ,  d u r i n g  b i - in t e rphase  i t  
seemed possible,  too, an d  could be observed  in a few 
cells (Figure 7). I n  all cases m e n t i o n e d  (Figure 8), t he  
b inuc lea t e  p o p u l a t i o n  would be  decreased  uncon t ro l l ab ly ,  
an d  diff icul t ies  m a y  arise in  t h e  d e t e r m i n a t i o n  of mi to t i c  
cycle t ime  b y  m e a n s  of caffeine t r e a t m e n t  2. F u r t h e r  
i nves t iga t ions  will be carr ied o u t  in order  to  s t u d y  t h e  
m e c h a n i s m s  of cell wal l  f o r m a t i o n  in ca f fe ine- t rea ted  
cells. 

7 A. GONZILEZ-Iq'ERNANDEZ, G. GIM/~NEZ-~IARTiN and J. F. g6PEZ- 
SkEz, Expl Cell Res. 62, 464 (1970). 

Distribution of Chlorophyllase Activity and Levels of Chlorophylls  a and b in Sandal 
(Santalum album L.) Affected by Spike Disease 

K. PARTHASARATHI, S. ]k~. GUPTA and  C. R. RANGASWAMY 

Fores t  Research  Labora tory ,  B a n g a l o r e - 5 6 0  003  ( Ind i a ) ,  4 F e b r u a r y  1976. 

S u m m a r y .  Compared  to h e a l t h y  specimens,  t he  levels of ch lorophyl l s  a a n d  b a n d  t h e  a c t i v i t y  of ch lorophyl lase  t o w a r d s  
t he  two  p i g m e n t s  r e m a i n e d  lower ill t h e  leaves  of spiked sanda l  a t  all s tages  of leaf  d ev e l o p men t ,  excep t  in the  senescing 
diseased leaves  where  t he  ch lorophyl lase  a c t i v i t y  showed  a s teep  rise. 

One of t h e  cha rac t e r i s t i c  s y m p t o m s  in s anda l  a f fec ted  
b y  spike disease1, caused  b y  mycop la sma- l ike  o rgan i sms  
(MLO) Z-*, is leaf chlorosis.  A defect ive  t r a n s l o c a t i o n  of 
i ron f rom t h e  roots  to  aer ia l  p a r t s  was ear l ier  cons idered  
as a cause  for t he  chlorosis  in  the  spiked sanda l  s. I n  
pho tosyn thes i s ,  t he  role of ch lo rophy l l  a is f u n d a m e n t a l  
while  t h a t  of ch lo rophy l l  b is of a n  accessory n a t u r e  *, a n d  
t he  level  of ch lo rophy l l  in t he  t issue is d e p e n d e n t  on  
ch lorophyl lase  ac t iv i ty .  I n  respec t  of t he  chlorosis  in 
some v i rus - in fec ted  p lan t s ,  increased  hydro lys i s  of chloro-  

phy l l  due  to  a n  increase  in ch lorophyl lase  ac t i v i t y  ~-9, 
was  cons idered  as t h e  m a i n  cause  for chlorosis.  A l t h o u g h  
t h e  ch lorophyl l s  a n d  ch lorophyl lase  were i nves t i ga t ed  in 
these  p lan t s ,  t h e  d i s t r i b u t i o n  of t h e  a c t i v i t y  of t h e  e n z y m e  
towards  t h e  two  p i g m e n t s  was  n o t  s tudied.  F u r t h e r ,  
i n fo rma t i o n  on t h e  n a t u r e  of changes  caused  in t h e  chloro-  
phyl l s  an d  ch lo rophyl lase  a c t i v i t y  in p l a n t s  infected b y  
MLO is lacking.  H e n c e  a s t u d y  of ch lorophyl l s  a an d  b 
an d  the  d i s t r i b u t i o n  of ch lo rophyl lase  ac t i v i t y  t o w ards  
t h e  two p i g m e n t s  in h e a l t h y  a n d  sp iked  sanda l  t rees  was  



15. 10. 1976 Specialia i263 

Levels of chlorophylls a and b, and distribution of chlorophyllase activity towards the two pigments in healthy (H) and spiked (S) sandal leaves 

Stage of leaves Chlorophyll content ~ Chlorophyllase activity* Ratio of Ratio of 
(mg/100 g leaf tissue) (mg chlorophyll hydrolyzed/0.2 g chloro- chloro- 

enzyme powder/18 h) phylls phyllase 
(a/b) activities 

(a/b) 

H S H S H S H S 

Total a b Total a b Total a b Total a b 

Tender 71.1 50.4 20 .7  35.2 23.2 12.0 1.80 1.39 0.41 1..48 1.15 0.33 2.43 1 .93 3 .39 3.48 
(5.3) (3.5) (1.7) (1.7)(1.5)(0.3) (0.08) (0.04) (0.04)(0.14)(0.10) (0.03) 

Fairly grown-up 96.1 68.5 27 .6  41.8 27.7 14.1 1.97 1.44 0.53 1.82 1.32 0.50 2.48 1.96 2.72 2.64 
(4.4) (2.7) (1.7) (2.2)(1.5)(0.7) (0.08) (0.04) (0.03) (0.14) (0.09) (0.05) 

Mature 169.2 112.3 56.9 26.1 17.2 8.9 2.04 1.50 0.54 1.52 1.12 0.40 1.97 1 .93 2.78 2.80 
(18.3) (12.1) (6 .2) (0 .8) (0 .7) (0 .2)  (0.04) (0.03) (0.03) (0.05) (0.03) (0.03) 

Senescent 32.4 21.5 10 .9  18.0 12.0 6.0 1.75 1.30 0.45 1.97 1.44 0.53 1.97 2 .00 2 .89 2.72 
(2.7) (2.0) (0.7) (0.5)(0.3)(0.2) (0.06) (0.05) (0.01) (0.08) (0.05) (0,03) 

�9 of 6 replications. Figures within brackets show standard deviation. 

unde r t aken  to  u n d e r s t a n d  the  chlorophyl l -chlorophyl lase  
re la t ion in these  trees and examine  its role in the  chlorosis 
caused in disease. 

Materials and methods. Leaf samples  of hea l thy  and 
spiked sandal  t rees  were collected during the  period f rom 
Ju ly  to October ,  cover ing successively the  tender ,  fairly 
grown-up,  m a tu r e  and  senescen t  s tages of the  leaves. A t  
each stage, separa te  samples  were t aken  f rom 6 hea l t h y  
and 6 spiked trees.  Levels  of chlorophyl ls  a and b in the  
ma tu r e  leaves of some hos t  p lan t s  of sandal  were also 
de t e rmined  for compar ison.  

Chlorophylls  a and  b were es t imated  by  the  spectro-  
pho tome t r i c  method1~ Var ia t ions  occurr ing in the  
s t ruc tu ra l  in tegr i ty  of the  chloroplast ,  wi th  leaf develop-  
ment ,  were followed b y  microscopic examina t ion  of leaf 
sections.  

De te rmina t ion  of the  d i s t r ibu t ion  of chlorophyl lase  
ac t iv i ty  towards  chlorophyl ls  a and b was made  following 
main ly  tile m e thods  used by  HOLnEN n and PETERSON 
and MCKINNEY ~. The f inely ground residue, remining 
af ter  ace tone  ex t rac t ion  of chlorophyl l  and conta in ing  
chlorophyl lase ,  was used as the  enzyme powder .  An 80% 
acetone  ex t r ac t  of ch lorophyl l  p repared  f rom hea l t h y  
ma tu re  sandal  leaves and  f i l tered and ad jus ted  in volume 
(using 80% acetone) to  con ta in  near ly  12 mg chlorophyl l  
per  500 ml, was used as subs t r a t e  solution. The assay 
sys t em compr ised:  125 ml  subs t ra te ,  70 ml sodium 
c i t ra te  solut ion (0.11 M) and  0.2 g enzyme powder  in a 
500 ml flask. The flasks were s toppered  and the  con ten t s  
incuba ted  for 18 h in the  da rk  a t  room t e m p e r a t u r e  
(20~ • 0.5). Dur ing  incubat ion ,  the  con ten t s  were kep t  
in con t inuous  agi ta t ion  by  placing the  flasks on a hori- 
zonta l  r o t a ry  shaker.  The final concen t ra t ion  of acetone 
was 50% and of c i t ra te  0.04 M in the  incubat ion  mixture ,  
and  the  p H  was abou t  8. Af te r  incubat ion,  the  con ten t s  
were fi l tered, the  residue washed  free of chlorophyl l  using 
80% acetone,  and  the  f i l t ra te  made  up to a known volume. 
In  an a l iquot  of this,  t he  residual  amoun t s  of chlorophyl ls  
a and  b were de te rmined .  The difference be tween  the  
init ial  and residual  a m o u n t s  of each chlorophyl l  in the  
incuba t ion  mixture ,  r ep resen ted  the  ac t iv i ty  of chloro- 
phyl lase  t owards  it, wh ich  was expressed as mg chloro- 
phyl l  hydrolyzed/0 .2  g enzyme  powder/18 h, under  the  
condi t ions  of the  exper iment .  

Results. Data  showing the  levels of chlorophyl ls  a and b 
and  the  d i s t r ibu t ion  of chlorophyl lase  ac t iv i ty  in hea l thy  
and spiked leaves, are p resen ted  in the  Table. The levels 
(rag/100 g leaf tissue) of chlorophyl ls  a and b respect ively  
in the  ma tu re  leaves of some hos t  p lan ts  of sandal  
(Acacia/arnesiana: 96.0, 50.2; Azadirachta indica: 76.0, 
39.0; Dalbergia lati/olia: 147.5, 72.5; Ficus mysorensis: 
60.6, 32.0; Lanlana camara: 137.5, 67.0; Delonix regia: 
117.2, 57.6; Pongamia pinnata: 105.0, 42.0) show t h a t  tile 
two  p igmen t s  are a t  normal  level in sandal  leaves. 

I t  can be seen f rom the  Table t h a t  the  levels of chloro- 
phyl ls  a and b and the  ac t iv i ty  of chlorophyl lase  towards  
the  two p igments  in the  spiked leaves remain  t h roughou t  
lower t h a n  those  in h ea l t h y  ones, excep t  in the  senescing 
spiked leaves where  the  ac t iv i ty  of chlorophyl lase  showed 
a s teep rise. The accumula t ion  of chlorophyl l  occurred 
only up to  a fairly grown-up  s tage in the  diseased leaves. 
In  bo th  h ea l t h y  and spiked leaves, i t  was observed t h a t  
loss of chlorophyl l  synchronized  wi th  loss of the  s t ruc tura l  
in tegr i ty  of chloroplast .  

1 L.C. COLEMAN, Spike Disease o] Sandal, Bulletin No. 3 (Mycological 
Series), Department of Agriculture, Mysore State (1917). 

2 R. HULL, R. W.  I7IORNE and R. M. NAYAR, Nature Lond. 224, 
1121 (1969). 

3 A. VARMA, V. V. CHENULU, S. P. RAYCHAUDHURI, NAM PRAKASH 
and P. S. RAO, Indian Phytopath. 22, 289 (1969). 

4 j .  DIJKSTRA and T. S. IE, Neth. J. P1. Path. 75, 374 (1969). 
5 K. PARTItASARATHI and P. S. RAO, Proe. Indian Acad. Sei. 55B, 

99 (1962). 
6 R. M. DEVLIN and A. V. BARKER, Photosynthesis (Vail Nostrand 

Reinhold Company, New York 1971). 
7 p. D. PETERSON and H. H. MCKINNEY, Phytopathology 28, 329 

(1938). 
s K. W. BAILISS, Ann. Bot., New Series 34, 647 (1970). 
9 C. CmNNAI~VRAI and M. CHANDRASEKI~AHAN NAIR, Curr. Sci. 40, 

18 (1971). 
10 j .  H. C. SMITH and A. BENITZ, cited in Modern Methods oj Plant 

Analysis (Eds. K. PAEe~ and M. V. TRACEY; Springer-Verlag, 
Berlin 1955), vol. 4. 

n M. HOLDEN, Biochem. J. 78, 359 (1961). 
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Discussion. Accord ing  to WILLSTATTER~, chloro-  
phyl lase  could r eve r s ib ly  ca ta lyze  the  r eac t ion  chloro-  
phyl l  ~ c h l o r o p h y l l i d e  + phy to l .  I t  is, however ,  no t  
k n o w n  i f /when  t he  two roles of t h e  enzyme  occur  in vivo.  
I n  t he  r ipen ing  b a n a n a s  a n d  apples,  loss of ch lo rop las t  
s t r u c t u r e  was said to  h a s t e n  ch lo rophyl l  loss b y  e n h a n c i n g  
e n z y m e - s u b s t r a t e  p r o x i m i t y  ~a. I t  appea r s  possible  t h a t ,  
for the  same  q u a n t u m  of ch lorophyl lase ,  g rea te r  loss of 
ch lo rophyl l  could occur  in a ch lo rop las t  losing i ts  s t ruc tu re .  
I r respec t ive  of t he  n a t u r e  of t he  role t he  e n z y m e  could 
h a v e  p layed  in vivo,  in  t he  p r e s en t  s t u d y  its a c t i v i t y  was 
e s t i m a t e d  in v i t ro  in t e r m s  of i ts  hyd r o l yz i ng  a c t i v i t y  on 
chlorophyl l .  Considering,  t he  e n z y m e  m a i n l y  a hyd ro ly t i c  
one, the  in i t i a t ion  of t he  loss of ch lo rop las t  s t ruc tu re ,  
even  a t  the  m a t u r e  s tage,  a n d  the  increase in e n z y m e  

a c t i v i t y  a t  the  senescen t  s tage in t he  diseased leaves,  
could exp la in  t he  low levels  of ch lo rophy l l  a t  these  stages.  
The  occurrence  of h igh  ch lorophyl lase  a c t i v i t y  a t  t he  t i m e  
of ch lo rophy l l  accumula t ion ,  in b o t h  h e a l t h y  and  sp iked  
leaves,  a p p a r e n t l y  could  n o t  be  exp la ined  on  t he  bas is  
of t he  h y d r o l y t i c  a c t i v i t y  of t h e  enzyme.  I t  is possible  
t h a t  the  syn thes i z ing  a c t i v i t y  of the  e n z y m e  m i g h t  h a v e  
occur red  in v ivo  d u r i n g  th i s  period.  

I-" R. WXLLSTATTEi~ and A. SToLI., Investigations on Chlorophyll 
(Translated by F. M. SC~ERTZ and A. R. MERZ; Science Press, 
Lancaster, Pennsylvania 1913). 

is N. E. LOONEY and M. E. PATTERSON, Nature, Lond. 27d, 1245 
{1967). 

Capping of Concanaval in  A-  or R i c i n - B i n d i n g  Sites  does not  Inf luence P h a g o c y t o s i s  in P o l y m o r -  
phonuc lear  Leukocytes  

M. E. FEIGENSON, M. BAGGIOLINI and H. P. SCHNEBLI 

Reseamh Inst i lu te  Wander,  a Sandoz  Research Unit,  I/Vander Ltd.,  P . O .  Box  27d7, CH-3001  Be,r*ae (S~itzertand) ; 
and Friedrich Miescher Inst i tute,  CH-dO00 Basel  (Switzerland) 

Summary .  R a b b i t  p o l y m o r p h o n u c l e a r  l eukocytes  (PMNs) were capped  wi th  t e r r i t i n - con juga t ed  c o n c a n a v a l i n  A or 
ricin, and  t h e n  al lowed to  phagocy tose  yeas t  cells. P h a g o c y t i c  a c t i v i t y  and  lec t in  d i s t r i bu t i on  were d e t e r m i n e d  b y  
n l t r a s t r u c t u r a l  m o r p h o m e t r y .  Capped  PMNs  were found  to phagocy tose  as eff ic ient ly  as con t ro l  PMNs,  and  a lways  to  
inges t  t he  par t ic les  w i t h  a lect in-free  por t ion  of t he i r  p l a s m a  m e m b r a n e .  This  c lear ly  ind ica tes  t h a t  c o n c a n a v a l i n  A- 
a n d  r i c in -b ind ing  si tes of the  P M N  m e m b r a n e  are no t  invo lved  in t he  recogni t ion  and  phagocy tos i s  of yeas t  par t ic les .  

Phagocy tos i s  is t h o u g h t  to  be  i n i t i a t ed  by  t he  specific 
b ind ing  of a par t ic le  to the  p l a s m a  m e m b r a n e  of t he  
p h a g o c y t e  ~. No surface r ecep to r  has  ye t  been  cha rac -  
ter ized b iochemica l ly  in phagocy tes ,  a l t h o u g h  these  cells 
are k n o w n  to  bea r  recogni t ion  si tes for t he  Fo p a r t  of 
i m m u n o g l o b u l i n s  a n d  for C3bL 

W e  r e p o r t  here  f i rs t  resu l t s  of an  i nves t i ga t i on  of t h e  
role of t h e  l ec t in -b ind ing  si tes of t he  p o l y m o r p h o n u c l e a r  
l eukocyte  (PMN) p l a s m a  m e m b r a n e  in the  recogn i t ion  of 
phagocy to sab l e  part icles .  

Table I. Morphometric analysis of phagocytosis 

Additions Cap surface Phagosonle surface Lectin-bound 
to PMNs area as percent area as percent phagosome surface 

of cell surface of phagosome plus area as percent of 
area cell surface area phagosome surface 

area 
(1) (2) (3) 

RF, yeast 22.1~:1.5 (15) 34.1~-1.7 ( 1 5 )  0.3• (15) 
RF alone 18.2~1.1 (13) - 

CF, yeast 12.1~1.2 (12} 33.2-}-2.5 (12} 0 (12) 
CF alone 9.9-~0.7 (14) - 

No lectiil, 
yeast 33.0• (,25) 

Numbers represent mean values _q_ SEM (n) from single cells which 
have endocytosed yeast. {1), IPlb/(IPlb+ IPIf); (2), ([Pgb + IPgf}[ 
( IPlb+IPgb+IPl f+IPgf) ;  (3), IPgb/(IPgb-+-IPgf). 'I '  denotes imm- 
ber of intersections of test lattice with plasma membrane (P1) or 
phagosome membrane (Pg) either lectin-hound (b) or lectin-free (f). 
For details of formulae derivations, see refereneeL 

Methods. R a b b i t  P M N s  were o b t a i n e d  f rom glycogen-  
induced  pe r i tonea l  e x u d a t e s  ~ and  were suspended  
(5 • cells per  ml) in  a m e d i u m  c o n t a i n i n g  122 m M  
NaC1, 4.9 m M  KC1, 1.22 m M  MgC1, and  16.7 m M  sod ium 
cacody la t e  buffer,  p H  7.4. 1 ml  of cell suspens ion  was 
i n c u b a t e d  a t  0~ for 10 T i n  w i th  a n  excess of e i t he r  
f e r r i t i n - con juga t ed  r ic in  (RF,  18.4 ~zg) or f e r r i t in -con ju -  
ga ted  c o n c a n a v a l i n  A (CF, 18.1 /xg). U n b o u n d  lec t in  was 
t h e n  e l imina ted  b y  a d d i n g  5 vo lumes  of ice-cold m e d i u m  
a n d  cen t r i fug ing  t he  PMNs  a t  1000 groin. The  w a s h e d  
PMNs  were r e suspended  in 1 ml  of m e d i u m  and  i n c u b a t e d  
a t  37 ~ for 10 min  in order  to  induce  capp ing  of t he  b o u n d  
lect ins  a. Phagocy tos i s  was t h e n  induced  b y  a d d i n g  a 
large excess of hea t -k i l l ed  bake r s '  yeas t  (5 • 108 cells in  
0.1 ml  of physiological  saline). Phagocy tos i s  was  s topped  
13 min  l a t e r  b y  a d d i n g  1 ml  of ice-cold 3% g l u t a r a l d e h y d e  
in 0.1 M sod ium cacodyla te ,  p H  7.4. Cont ro l  P M N s  were 
h a n d l e d  exac t ly  as t he  l ec t in - t r ea t ed  P M N s  excep t  t h a t  
t he  lec t in  so lu t ion  was replaced b y  t he  co r r e spond ing  
buffer .  F i x e d  P M N s  were pe l le ted  in a mhcrofuge (Beck- 
m a n  I n s t r u m e n t s )  and  processed for e lec t ron  micros-  
copy ~, 6. 

Lectins. F e r r i t i n  con juga t e s  of r ic in  (RF) or concana -  
va l in  A (CF), wh ich  can  be  v isual ized  b y  e lec t ron  micros-  
copy, were p r e p a r e d  as descr ibed  b y  BI rTmER a n d  
SCHNEBLI ", a n d  s tored  a t  4 ~ in 0.1 M sod ium cacody la t e  
buffer,  p H  7.4. 
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