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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.  
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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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4 J. m. CASTLE, J. D. JAMIESON and G. E. PALADE, J. Cell Biol. 53, 
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Morphometry. R e l a t i v e  s u r f a c e  d e n s i t i e s  of  p l a s m a -  
l e m m a ,  g r a n u l e s  a n d  p h a g o c y t i c  v a c u o l e s  we re  c a l c u l a t e d  
a c c o r d i n g  t o  WEIBEL ~ o n  r a n d o m l y  s e l e c t e d  s ing le  cel ls  
c o n t a i n i n g  a t  l e a s t  one  y e a s t .  T h i s  w a s  t h e  ca se  in  m o r e  
t h a n  8 0 %  of  t h e  P M N s  e x a m i n e d .  I n  o r d e r  to  a v o i d  
d u p l i c i t y  of  s a m p l i n g ,  o n l y  t h o s e  cel ls  a p p e a r i n g  in  a 
s i ng l e  g r id  s p a c e  w e r e  p h o t o g r a p h e d .  T h e  g r id  w a s  t h e n  
d i s c a r d e d  in  f a v o r  of  t h e  n e x t  one  c o n t a i n i n g  s e c t i o n s  
c u t  10 ~zm d e e p e r  in  t h e  b lock .  A c u r v i l i n e a r  t e s t  l a t t i c e  s 
w a s  u s e d  for  i n t e r s e c t i o n  c o u n t i n g  in  o r d e r  to  e l i m i n a t e  
e r ro r s  i n t r o d u c e d  b y  t h e  a n i s o t r o p y  of  t h e  c a p p e d  cell  
s u r f a c e s .  M e m b r a n e  w a s  c o n s i d e r e d  l e c t i n - t a g g e d  if a t  t h e  

p o i n t  of  i n t e r s e c t i o n  w i t h  t h e  t e s t  s y s t e m  a f e r r i t i n  m o l e -  
cu le  w a s  w i t h i n  20 n m  f r o m  t h e  m e m b r a n e  9. 

Results and discussion. P M N s  w h i c h  w e r e  t r e a t e d  w i t h  
e i t h e r  R F  or  C F  ill t h e  co ld  a n d  i m m e d i a t e l y  p r o c e s s e d  
for  e l e c t r o n  m i c r o s c o p y  e x h i b i t e d  a u n i f o r m  l a y e r  of  

7 E. R. W~IBEL, in Principles and Techniques o/Electron Microscopy 
(J~Jd. ,'~. A. HAYAT, Van Nostrand Reinhold Co., New York 1973), 
vol. 3, 237. 

s W. A. MERZ, Mikroskopie 22, 132 (1968). 
9 M. E. FEIGENSON, H. P. SCHNEBLI and M. BAGGIOLINI, J. Cell 

Biol. g6, 183 (1975). 

A riein-~erritin capped PMN which has ingested a yeast cell. The capped portion of the celI is indicated by the dotted line. The phagosome 
membrane is devoid of Ierritin marker indicating that  ingestion was accomplished by lecti~l-free menlbrane. Note 3 fusion figures (arrows) 
which suggests that  degranulation proceeds normally. Bar equals 1 ~zM. 
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b o u n d  lec t in  ove r  t he i r  en t i re  surface. U p o n  w a r m i n g  to 
37~ however ,  t he  b o u n d  lect ins  a c c u m u l a t e d  r ap id ly  
(wi th in  5 to  10 min)  a t  one pole of the  cell to  fo rm a cap  
(Figure).  Lec t in - induced  capp i ng  in P M N s  has  been  ob- 
served  p rev ious ly  b y  RYAN et  al. a us ing  f luorescence 
microscopy.  B y  e lec t ron  microscopy,  t he  cap  appea r s  as 
a mul t ip le  layer  of fe r r i t in  do ts  on a f r e q u e n t l y  infolded 
s egmen t  of t he  p l a s m a l e m m a .  CF caps  are s imi lar  b u t  
smal ler  t h a n  R F  caps  (Table  I), i nd ica t ing  t h a t  P M N s  
b i n d  c o n c a n a v a l i n  A to a lesser e x t e n t  t h a n  ricin. 

W e  h a v e  c o m p a r e d  the  phagocy t i c  a c t i v i t y  of capped  
P M N s  w i t h  t h a t  of u n t r e a t e d  cells. Of 5 such  expe r imen t s ,  
I ha s  been  e v a l u a t e d  b y  m o r p h o m e t r y .  Tab le  I shows 
t h a t  t he  t o t a l  r e la t ive  surface area  of t he  phagocy t i c  

Table II. Morphometric analysis of granule membrane 

Additions to PMNs Granule surface area 
as percent of 
total nlembrane surface area 
of ceil 

RF, yeast 34.7=}=2.0 (15) 
CF, yeast  33.2-~1.9 (15) 
No leetin, yeast  33.0J 1.4 (25) 

Numbers  represent mean values • SEM (n) from single cells which 
have endoeytosed yeast. No differentiation was made between azuro- 
phil and specific granules. Total membrane surface area includes 
melnbranes contributed by granules, phagosomes, plasmMemma, 
nucleus, mitochondria and Golgi apparatus. Derivations of for- 
mulae relating intersection counts to relative surface area are 
analogous to those given in Table I. 

vacuoles ,  wh ich  was our  measure  of phagocytos is ,  was 
t he  same in l e c t i n - t r ea t ed  a n d  in con t ro l  PMNs.  T r e a t e d  
and  n o n - t r e a t e d  cells also showed  iden t ica l  a m o u n t s  of 
i n t a c t  g ranules  r e m a i n i n g  in t he  c y t o p l a s m  (Table  II) ,  
sugges t ing  t h a t ,  u n d e r  all condi t ions ,  a s imi lar  po r t i on  of 
phagosome  m e m b r a n e  was c o n t r i b u t e d  b y  granu le  fusion. 
These  resul t s  c lear ly  show t h a t  P M N s  bea r ing  e i the r  a 
CF- or an  R F - i n d u c e d  cap  phagocy tose  yeas t  par t ic les  as 
eff ic ient ly  as u n t r e a t e d  PMNs,  and  t h a t  lec t in  t r e a t m e n t  
does n o t  inf luence  t he  degree of g ranu le  fusion. 

The  use of fe r r i t in  as a n  u l t r a s t r u c t u r a l  m a r k e r  has  
enab led  us to  observe  t he  exac t  d i s t r i b u t i o n  of m e m b r a n e -  
b o u n d  lectins.  As shown  in Tab le  I, t h e  m e m b r a n e  of t he  
p h a g o c y t i c  vacuole  was v i r tua l ly  free of lec t in  tag,  which  
suggests  t h a t  on ly  m e m b r a n e  dep le ted  of l ec t in -b ind ing  
si tes was  engaged  in par t ic le  recogni t ion ,  a n d  t h u s  be- 
came in te rna l i zed  d u r i n g  phagocytos is .  

W e  conclude  t h a t  in  r a b b i t  P M N s  the  surface  glyco- 
p ro te ins  t h a t  b i n d  c o n c a n a v a l i n  A a n d  r icin are no t  re- 
qu i red  for t he  recogn i t ion  and  t he  u p t a k e  of yeas t  
par t ic les .  W o r k  in progress  ind ica tes  t h a t  t h e  same  ho lds  
t r ue  for h u m a n  P M N s  which  phagocy tose  opsonized yeas t  
cells or s t aphylococc i  10. I t  has  been  shown  prev ious ly  
t h a t  c o n c a n a v a l i n  A inh ib i t s  phagocy tos i s  of po lyv iny l -  
to luene  beads  b y  P M N s  a d h e r i n g  to  glass u.  U n f o r t u -  
na te ly ,  the  differences  be tween  th i s  a n d  our  e x p e r i m e n t a l  
des ign do n o t  al low a discussion of t h e  c o n t r a s t i n g  con- 
clusions.  

lo M. BAGGIOLINI, ~*Yl. ~.~. ]:'EIGENSON and H. P. SCHNEBLI, Schweiz. 
med. Wschr., in press (1976). 

11 R. D. BERLIN, Nature New Biol. 235, 44 (1972). 

The Role of Cyclic Adenosine Monophosphate in the Swarming  Phenomenon of Pro teus  mirabi l is  
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Summary. The  levels of cyclic A M P  and  a d e n y l  cyclase in  s w a r m i n g  and  n o n - s w a r m i n g  cells of Proteus mirabilis and  
t he  effect  of glucose on s w a r m i n g  h a v e  been  inves t iga ted .  The  resu l t s  ind ica te  t h a t  c A M P  is r equ i red  for swarming,  
b u t  t h a t  t he  f lagel lar  derepress ion  cha rac te r i s t i c  of s w a r m i n g  does no t  r e su l t  f rom increased c A M P  levels. 

The  onse t  of s w a r m i n g  in Proteus mirabilis is cha rac t e r -  
ized b y  two  physio logica l  changes  in t he  o rgan i sms  a t  the  
edge of t he  growing  colony. I n h i b i t i o n  of cell d ivis ion 
occurs  and  a t  t he  same t i m e  the re  is f lagel lar  derepress ion,  
r e su l t ing  in the  cha rac t e r i s t i c  e longated ,  mul t i f lage l la te ,  
mul t i -nuc lea te ,  h igh ly  mot i le  swa rming  cells (swarmels)  2. 

I t  has  b e e n  c la imed  t h a t  s w a r m i n g  could be  a conse-  
quence  of n u t r i e n t  deple t ion,  caused  b y  ac t ive  g r o w t h  
(for a rev iew of t he  fac tors  in f luenc ing  s w a r m i n g  see 
SMITH 3). U n d e r  cond i t ions  of n u t r i e n t  deple t ion ,  the  in- 
t e r n a l  levels of cyclic adenos ine  m o n o p h o s p h a t e  (cAMP) 
would  be  expec t ed  to rise ~, 5. Cyclic. A M P  is needed  for 
t he  syn thes i s  of f lagella in  a n u m b e r  of o rgan i sms  6, 7 a n d  
the re fore  t he  f lagel lar  derepress ion  associa ted  w i t h  swarm-  
ing m i g h t  resu l t  f rom a h i g h  i n t e rna l  c A M P  level, follow- 
ing n u t r i e n t  deple t ion .  

I n  th i s  work  we h a v e  e x a m i n e d  t h e  role of c A M P  in 
swarming .  The  resu l t s  ind ica te  t h a t  c A M P  is requ i red  for 
swarming ,  b u t  t h a t  t h e  f lagel lar  derepress ion  assoc ia ted  
w i t h  s w a r m i n g  does n o t  r e su l t  f rom a n  increased  level  of 
c A M P  in t i le s w a r m i n g  cells. 

Materials and methods. The  s t r a i n  of Proteus mirabilis 
used was an  isola te  f rom U n i v e r s i t y  College Hospi ta l .  
S tock  cu l tures  were m a i n t a i n e d  on slopes of Oxoid nu t r i -  
en t  agar .  Organ i sms  Were grown e i the r  on  Oxoid n u t r i e n t  
b r o t h  No. 2, solidified w i th  1.75% (w/v) Difco B a c t o  Agar  
( swarming  med ium)  or on t he  same m e d i u m  to wh ich  1% 
(w/v)  a c t i v a t e d  charcoa l  was added  ( swarm- inh ib i t i ng  
m e d i u m  s). S w a r m i n g  cells were isola ted f rom t h e  swarm-  
ing m e d i u m  as descr ibed  p rev ious ly  9, a f t e r  c u t t i n g  ou t  t he  
i nne r  p a r t  of t h e  colony. Agar-grown,  n o n - s w a r m i n g  
cells were also i so la ted  as before 9. 

The  in t r ace l lu l a r  c A M P  level  was  m e a s u r e d  us ing  a 
c A M P  assay  k i t  f r om t h e  R a d i o c h e m i c a l  Centre ,  Amer-  
sham,  Bucks. ,  E n g l a n d .  The  assay  depends  upon  t h e  com- 
pe t i t ion ,  b e t w e e n  a d d e d  a l l - cAMP a n d  t he  c A M P  in the  
sample ,  for added  b i n d i n g  pro te in .  The  o rgan i smus  u n d e r  
assay  were h a r v e s t e d ,  r e suspended  in 5 ml  0.05 M Tris/ 
E D T A  buffer  (pH 7.5) a n d  son ica ted  for 3 m i n  a t  0~ 
Samples  were  cen t r i fuged  to  r e m o v e  debr is  a n d  p ro t e in  
was p r ec ip i t a t ed  w i t h  5% perchlor ic  acid.  A f t e r . r e m o v a l  
of t h e  p r e c i p i t a t e d  p ro t e in  b y  cen t r i fuga t ion ,  t h  e supe r -  


