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Radioactivity in DNA of M-bands isolated from Chironomus larvae 
under different conditions 

Percent total all-radioactivity 
(loaded on the gradient) 
associated with the M-band 
( •  SD) 

M-band'isolated from Chironomus 
larvae after 2 h labelling 
with aH-thymidine 46 :[: 2.6 

with aH-thymidine followed by 
8 h chase with cold thymidine 
(1 mg/ml) 16 -4- 2.0 

Each value is an averag e of 3 independent experiments. Total radio- 
activity of the nuclear lysate loaded on the gradient in these ex- 
periments ranged from 5-7 • 104 epm. 

c o n t a i n e d  nuclei  free f rom o t h e r  ce l lu lar  debris .  The  
nuclei  so isola ted were s u s p e n d e d  in TMB2 buffer  12 (Tris 
0.01 M, m a g a n e s i u m  a c e t a t e  0.1 M and  KC1 0.1 M, p H  7.2) 
and  son ica ted  in a n  M S E  u l t r a son ic  d i s i n t eg ra to r  Model  
60 W a t  1.5 m A  for i m i n  a t  ice t e m p e r a t u r e .  The  soni-  
ca ted  nuc lea r  lysa te  (0.5 ml) was  ove r l aye red  on  0.5 ml  
of 0 .2% sarkosy l  (NL-97, Geigy) on  a b iphas i c  sucrose 
g r a d i e n t  in  T M K  buf fe r  (15 mt  of 20% sucrose  over  5 ml  
of 60% sucrose shelf) a n d  cen t r i fuged  in an  M S E  Super -  
speed 50 u l t r a cen t r i f uge  us ing  a n  S W  3 • 23 ml  ro to r  a t  
15,000 r p m  a t  4~ for 30 min.  A whi t e  l ayer  of m e m b r a n e -  
complex  b o u n d  to  m a g n e s i u m  sarkosy l  c rys ta l s  b a n d e d  
a t  t he  i n t e r p h a s e  of t h e  sucrose so lu t ions  (M-band) .  
Af te r  c en t r i f uga t i on ,  t he  c o n t e n t s  of t he  t u b e  were 
col lec ted  b y  s i p h o n i n g  a n d  t r i ch lo roace t i c  ac id- inso luble  
r a d i o a c t i v i t y  in  each  f r ac t ion  was d e t e r m i n e d  15 a n d  
expressed  as p e r c e n t  of t o t a l  r a d i o a c t i v i t y  loaded.  

The  s e d i m e n t a t i o n  profi le  of t he  3H- thymid ine - l abe l l ed  
nuc lea r  lysa te  of t he  Chironomus l a rvae  in the  b iphas ic  
sucrose g r a d i e n t  is shown  in the  figure.  I t  c an  be seen 
t h a t  m o s t  of t he  label led  D N A  is associa ted  to the  M - b a n d  
s e d i m e n t i n g  a t  t h e  i n t e r p h a s e  of the  sucrose solut ions .  
T r e a t m e n t  of t he  nuc lea r  l y sa t e  w i th  deoxyr ibonuc l ea se  I 
( W o r t h i n g t o n  B iochemica l  Corpora t ion)  p r io r  to  sedi- 
m e n t a t i o n  re su l t ed  in t he  r e m o v a l  of the  r a d i o a c t i v i t y  
assoc ia ted  w i t h  t he  M - b a n d  i n d i c a t i n g  t h a t  the  assoc ia ted  
r a d i a c t i v i t y  was due  to labe l led  DNA. F u r t h e r  i t  was  
found  t h a t  m o s t  of t he  r a d i o a c t i v i t y  (80%) was recovered  
in t he  t h y m i d i n e - 5 ' - m o n o p h o s p h a t e  spo t  w h e n  the  
M - b a n d  m a t e r i a l  i so la ted  f rom a H - t h y m i d i n e  label led  
l a rvae  was d iges ted  w i t h  DNase  I and  snake  v e n o m  
p h o s p h o d i e s t e r a s e  (Sigma Chemical  Co., St. Louis,  USA)  
a n d  sub jec t ed  to  p a p e r  c h r o m a t o g r a p h y  us ing  i sobu ty r i c  
acid : l iquor  a m m o n i a : w a t e r  (66 : 1 : 33) as so lven t  mix tu re .  
To t e s t  w h e t h e r  or no t  t he  b ind ing  of the  D N A  w i t h  t he  
M - b a n d  is due  to  e x t r a n e o u s  factors ,  3H-label led Escheri- 
chia coli D N A  (bo th  h e a t - d e n a t u r e d  and  na t ive )  was  
s e d i m e n t e d  a long  w i t h  un labe l l ed  nuc lea r  lysate .  No 
r a d i o a c t i v i t y  due  to bac t e r i a l  D N A  could be  seen asso- 
c ia ted  w i t h  the  M-band .  The  r a d i o a c t i v i t y  in  t he  M - b a n d  
d e c r e a s e d  w h e n  t he  l a rvae  were f i rs t  label led  w i t h  
e H - t h y m i d i n e  for 2 h a n d  t he  label  was  t h e n  chased  w i th  
cold t h y m i d i n e  for 8 h ( table).  This  suggests  t h a t  t he  
newly  syn thes i zed  D N A  m a y  be  assoc ia ted  w i t h  t he  
nuc l ea r  m e m b r a n e .  T a k e n  toge the r ,  t he  f indings  p rov ide  
ev idence  wh ich  impl ies  t h a t  in  Chironomus l a rvae  D N A  
rep l ica t ion  m a y  be  assoc ia ted  wi th  the  nuc lea r  m e m b r a n e .  

15 C. K. K. Nair, D. S. Pradhan and A. Sreenivasan, J. Bact. 121, 
392 (1975). 

Iso lat ion  and propert ies  of cell wal l s  f r o m  Agrobacterium tume/aciens Be 1 
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Summary. Pur i f ied  cell wal ls  were p r e p a r e d  f rom Agrobacterium tumefaciens B e b y  e x t r a c t i o n  of i n t a c t  cells w i t h  h o t  
sod ium dodecy l  su l fa te  a n d  d iges t ion  w i t h  proteases .  Such  p r e p a r a t i o n s  c o n t a i n e d  p e p t i d o g l y c a n  t h a t  a ccoun ted  for  
a b o u t  40% of t h e i r  d r y  weight .  E l ec t ron  m i c r o g r a p h s  of t he  pur i f ied  walls  showed  t h a t  t h e y  conse rved  the i r  c h a r a c t e r -  
ist ic shape  desp i te  t he  d ra s t i c  e x t r a c t i o n  procedure .  

Agrobacterium tume/aciens, a g r a m  nega t i ve  rod, has  long 
been  k n o w n  as t he  c a u s a t i v e  a g e n t  of c rown gall  disease 
in m a n y  p l a n t  t i ssues  3. So far, on ly  c rude  wal l  p r epa ra -  
t ions  f rom th i s  o r g a n i s m  h a v e  been  descr ibed  in t he  
l i t e r a t u r e  4,5. I n  t he  p r e s e n t  s tudy ,  e l ec t ron  mic roscopy  
of whole  cells a n d  of p a r t i a l l y  pur i f ied  and  pur i f ied  walls 
of d.  tume/aciens B 6 are p r e s e n t e d  a long  w i t h  t he i r  a m i n o  
acid a n d  amino  suga r  compos i t ion .  
Materials and methods. Agrobacterium tume/aciens B e was 
o b t a i n e d  t h r o u g h  t he  cou r t e sy  of Dr.  A. C. Brown,  
Rockefe l le r  Un ive r s i t y ,  New York.  B a c t e r i a l  cu l tu res  
were g r o w n  on l iquid  m e d i u m  t h a t  c o n t a i n e d :  cas i tone  
(Difco), 2 % ;  y e a s t  ex t r ac t ,  1% ; K~HPO4, 0 .5%, glucose, 
0 .2% a n d  MgSO 4 �9 7 H20,  0 .01% a t  30~ W h e n  t h e y  
r eached  1/4 to 1/3 log phase ,  t h e y  were qu i ck l y  cooled a n d  
h a r v e s t e d .  Crude walls  were o b t a i n e d  b y  m e c h a n i c a l  
d i s r u p t i o n  of f resh  or  f rozen cells s. P a r t i a l l y  pur i f ied  walls  
were o b t a i n e d  b y  e x t r a c t i o n  of t he  c rude  walls  for 22h 
in boi l ing  4 %  sod ium dodecy t  su l fa te  7 fol lowed b y  t r y p s i n  

d iges t ion  (in 0.05 M Tris-HC1 p H  8.5 and  0.02 M CaC12, 
a t  37 ~ overn igh t )  of t he  inso luble  res idue o b t a i n e d  a f t e r  
h e a t i n g  in SDS,  a n d  ex tens ive  wash ing  in water .  A 
second e x t r a c t i o n  cycle w i t h  h o t  4 %  SDS a n d  d iges t ion  
w i t h  p ronase  (0.05 M Tris-HC1, p H  8.0 and  0.02 M CaC12, 
a t  37 ~ overn igh t )  y ie lded pur i f ied  cell walls. 
Fo r  e lec t ron  mic roscopy  n e g a t i v e l y  s t a ined  samples  of 
u n t r e a t e d  cells or  cell wal ls  were depos i t ed  on  coppe r  
gr ids  (400 mesh) p rev ious ly  covered  w i t h  pa r lod ion  m e m -  
brane .  Af te r  1 ra in  t h e y  were s t a ined  w i t h  2% u r a n y l  
a ce t a t e  a n d  0.2% lead c i t ra te ,  a n d  a f t e r  a n  a d d i t i o n a l  
45 sec a d rop  of oc t adecano l  was  a d d e d  a n d  t he  gr ids  
were i m m e d i a t e l y  b l o t t e d  d r y  a n d  t a k e n  for e x a m i n a t i o n  
in t he  Ph i l ips  300 e lec t ron  microscope,  ope ra t ed  a t  80 kV. 
Fo r  t h i n  sec t ion ing ,  p a c k e d  cells were  mixed  w i t h  a n  
e q u a l  v o l u m e  of 3% agar  so lu t ion  a n d  the  m i x t u r e  t a k e n  
up  in to  n a r r o w  p a r t  of a P a s t e u r  p ipe t te .  Af te r  solidifica- 
t ion,  t he  gel was  exha led  a n d  cu t  in to  i m m  a. The  cubes  
were d e h y d r a t e d  b y  pass ing  t h r o u g h  a g raded  series of 
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Analysis of crude and of purified cell wails 

Crude cell walls Purified ceil walls 
txmoles/mg Ratio ~xmoles]mg Ratio 

Amino sugars 
Glucosamine 0.005 0.04 0.974 3.595 
Muramic acid - 0.258 0.950 
Galactosamine 0.110 0.450 
Total percentage 
in fraction 0.1% 30.3% 

Amino acids 
Lysine 0.100 0.86 
Histidine 0.083 0.73 
Arginine 0.050 0.44 
Aspartic acid 0.103 0.87 
Threonine 0.053 0.45 
Serine 0.049 0.41 
Glutamic acid 0.118 1.00 0.271 1.00 
Glyeine 0.106 0.91 0.026 0.10 
Alanine 0.170 1.39 0.413 1.52 
Valine 0.053 0.45 
Diaminopimelic acid 
(+  methionine)* 0.053 0.47 0.342 1.33 
Isoleucine 0.039 0.32 
Leucine 0.066 0.56 
Tyrosine 0.020 0.17 
Phenylalanine 0.039 0.32 
Total percentage 
in fraction 13.8% 15.5% 

Neutral sugars 
(phenol-H~SQ) ** 60% 
Phosphorus ** 0.35 % 
Nitrogen ** 6.64y0 
OD~a 2 of 4 mg (after 
hydrolysis in 2 N HCI 
for 2h) ** 0.040 

* In this system diaminopimelic acid and methienine are eluted as 
one peak; **not tested. 

i nc reas ing  c o n c e n t r a t i o n s  of e t h a n o l  a n d  were  e m b e d d e d  
acco rd ing  to  Spur rS ,  Sec t ions  were  c u t  w i t h  g lass  k n i v e s  
o n  a So rva l l  P o r t e r  Blurn  M T 2 - B  U l t r a  M i c r o t o m e  a n d  
s t a i n e d  w i t h  2 %  u r a n y l  a ce t a t e  a n d  0.2~o lead c i t ra te .  
Results. T h i n  sec t ions  of dgrobacterium tume/aciens B~ 
are  p r e s e n t e d  in f igure  1. F i g u r e  1, a, s h o w s  rod- l ike  cells. 
In  a h i g h e r  m a g n i f i c a t i o n  (f igure 1, b), i t  can  be  seen  t h a t  
t he  cell is s u r r o u n d e d  b y  a d i s t inc t ,  c o n t i n u o u s  wall ,  t h e  
t h i c k n e s s  of w h i c h  w a s  f o u n d  to  be  120-130 .~, w h i c h  is 
in a c c o r d a n c e  w i t h  p u b l i s h e d  v a l u e s  for  b a c t e r i a l  cell 
wa l l s  9. 
1 cycle of S D S  e x t r a c t i o n  a n d  t r y p s i n  d iges t ion  y ie lded  
p a r t i a l l y  pur i f i ed  wal l s  ( table) ,  e l ec t ron  m i c r o g r a p h s  of 
w h i c h  r evea led  a cons ide rab le  a m o u n t  of e lec t ron  dense  
m a t e r i a l  ( f igure 2, a). T h e  l a t t e r  w a s  r e m o v e d  b y  a 
cycle of S D S  e x t r a c t i o n  a n d  p r o n a s e  d iges t i on  ( tab le ;  
f igure  2, b). T h i s  sugges t s  t h a t  t he  e x t r a c t e d  m a t e r i a l  
cons i s t s  a t  l eas t  p a r t i a l l y  of p ro t e in .  A m i n o  acid ana ly s i s  
of p a r t i a l l y  pur i f i ed  wal ls  (not  p r e s e n t e d )  s h o w s  a s igni-  
f i can t  excess  of p r o t e i n  ove r  p e p t i d o g l y c a n  c o m p o n e n t s .  
B r a u n  and  R h e n  7 r e p o r t  t h a t  t r y p s i n  ac t ion  on  t h e  
p e p t i d o g l y c a n - l i p o p r o t e i n  c o m p l e x  of Escherichia coli 
re leases  l i p o p r o t e i n  a n d  r e su l t s  in p ro t e in - f r ee  pep t i -  
dog lycan .  In  o u r  s t u d y ,  t he  r e q u i r e m e n t  for 2 S D S  cycles  
a long  w i t h  2 d i f f e ren t  p r o t e a s e  d ige s t i ons  in o rde r  to  
o b t a i n  p u r e  p e p t i d o g l y c a n  saccul i  s u g g e s t s  t h a t  t h e  wail  

1 This work was supported in part by a contribution from a friend 
of the Weizmarm Institute of Science in Buenos Aires, Argentine. 

2 I wish to thank Professor Nathan Sharon for his constant in- 
terest and critical discussion during this work. 

3 J . A .  Lippincott and B. B. Lippincott, A. Rev. Microbiol. 29, 
377 (1975). 

4 R . J .  Manasse and W. A. Corpe, Can. J. Microbiol. 13, 1591 
(1967). 

5 P . H .  Graham and M. A. O'Brian, Antonie van Leeuwenhoek 
,34, 326 (1968). 

6 D. Mirelman and N. Sharon, .1- blot. Chem. 24J, 2279 (1968), 
7 V. Braun and I(. Rhen, F.ur. J. Biocheln. 10, 426 (1969). 
8 A.R.  Spurr, J. Ultrastruct. Res. 26, 31 (1969). 
9 N. Sharon, ii~: Complex Carbohydrates: Their Chemistry, Bio- 

synthesis and Functions, p. 319. Addison-Wesley Publishing 
Company, Reading, Mass., 1975. 
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Fig. 1. Thin sections of untreated ceils, a A general view, in some 
places the cytoplasm is separated from the wall, the latter can be 
seen clearly as a distinct layer, b A single cell in higher magnification, 
from which the wall thickness {120-130/[) was calculated. 

Fig. 2. Ceil walls of Agrobacterium tume]aciens t3~ from various stages 
of purification, a Partially purified walls, to which some electron 
dense material adheres, b Purified walls, obtained after 2 cycles of 
hot SDS extractions and proteolytie digestions (for details, see 
methods). The walls are transparent and devoid of contamination. 
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pro te in  in A grobacterium tume/aciens B 6 is l inked to the  
pep t idog lycan  by  cova len t  bonds  d i f ferent  f rom those  in 
Escherichia coli. 
About  40% of the  purif ied walls is accounted  for by  
typ ica l  pep t idog lycan  c o m p o n e n t s  (table). There  is a 
molar  excess of g lucosamine over  muramic  acid, which is 
p robab ly  in the  form of a polysacchar ide .  The la t te r  ve ry  
likely conta ins  also ga lac tosamine  and neu t ra l  sugars, 
mos t  of which (80%) was ident i f ied as D-galactose (with 
/3-D-galactose dehydrogenase ,  according to F inch  et  al.l~ 
These m a y  be componen t s  of a polysacchar ide  covalen t ly  

l inked to  pept idoglycan .  The polysacchar ide  is d i f ferent  
f rom l ipopolysacchar ide  as the  la t t e r  is no t  known to be 
cova len t ly  l inked to pep t idog lycan  11. Moreover,  l ipopoly- 
sacchar ide  p repared  f rom Agrobacterium tume/aciens by 
the  ho t  phenol  me thod5  does not  con ta in  pep t idog lycan  
cons t i tuen ts .  

10- P. R. Finch, R. Yuen, H. Schachter and M. A. Moscarello, 
Analyt. Biochem. 31, 296 (1969). 

11 V. Braun and K. Hantke, A. Rev. Biochem. 43, 89 (1974). 

Cell number and cell doubling t imes during the development of carrot embryoids in suspension 
culture 
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Summary. A t ime course for the  appearance  of d i f ferent  s tages in embryogenes is  in carrot  cell cul tures  is p resented ,  
toge ther  wi th  the  da t a  on cell doubl ing  t imes.  Remova l  of auxin appears  to d rama t i ca l ly  increase the  ra te  of cell division, 
par t icu lar ly  in ear ly  embryogenesis .  

There  is now good evidence f rom a n u m b e r  of p l an t  cell 
cul tures  t h a t  single cells on the  surface of small  mer is te-  
mat ic  groups of cells m a y  be induced  to form embryo ids  ~. 
Such a p h e n o m e n o n  is usual ly p romo ted  by  decreasing 
the  auxin  con t en t  of the  cul ture  medium,  following which 
a series of rapid  cell divisions ensues wi th  the  even tua l  
fo rmat ion  of a bipolar  embryo id  s t ruc ture .  The process of 
embryo id  deve lopmen t  encompasses  3 character is t ic ,  
morphologica l ly  d i s t inc t  s t ruc tures  usual ly d is t inguished 
as the  globular,  hea r t  and  to rpedo  stages 3, 4. 

Table 1. Cell number and time of appearance in the culture of diffe- 
rent embryoid stages 

Stage Cell number Time for appearance 
(dimensions in mm) (h) 

Young globular 
(diameter 0.15) 

Globular 
(diameter 0.2-0.25) 

Heart (width 0.25) 
(length 0.3) 
Young torpedo 
(width 0.3) 
(length 0.5) 

70-115 90-100 
(peripheral cell 
No. 16-19) 
411-607 138-145 
(peripheral cell 
No. 29-33) 
900 1300 160-170 

2000-3000 190-200 

3 separate experiments were performed. 

Table 2. Cell growth rate in embryoids at different developmental 
stages 

During s tudies  into the b iochemis t ry  of embryo  develop-  
m e n t  in car ro t  cul tures  we noted  t h a t  high ra tes  of cell 
divis ion were achieved dur ing  the  ear ly  phases  of the  
deve lopmen ta l  process.  In  th is  communica t ion  we repor t  
on the  t ime scale of appearance  of the  di f ferent  embryo id  
s t ruc tu res  and on the  ra tes  of cell division a t  var ious  
po in t s  in the  process.  
Material and methods. Carrot  cells were grown in suspension 
cul ture  in Murashige and Skoog m e d i u m  supp lemen ted  
wi th  sucrose (0.073 M), zeat in (10 -7 M) and 2,4-D 5 
(4.52 x 10 .7 M) as descr ibed  previous ly  3. Cultures of high 
embryogenic  po ten t i a l  were ob ta ined  by  inocula t ing 
5 ml  of 21-day-old, washed,  cells (obta ined by  f i l t ra t ion 
t h ro u g h  1 m m  d iamete r  glass beads) illtO 25 ml  of 
Murashige  & Skoog medium minus  2.4-D. 
The t ime  scale of embryo id  d e v e l o p m e n t  was s tudied  by 
following the  appearance  of the  d i f ferent  s tages in 
embryogenic  cul tures  in i t ia ted  as descr ibed above.  All 
the  embryo ids  considered were free f loat ing in nature ,  
since cell-group bound  embryoids ,  especially the  globular  
stages, are very  diff icul t  to observe.  I t  is known t h a t  
embryogenic  suspensions  es tabl ished Irom freshly isolated 
callus and  grown in an aux in-con ta in ing  med ium of ten  
have  slowly developing embryo ids  which advance  
rap id ly  once the  auxin  level is decreased 0. To avoid such 
' p re fo rmed '  embryo ids  the  s tock embryogenic  suspensions  
used had  been subcu l tu red  4 t imes  (every 21 days) and 
did no t  conta in  a n y  microscopical ly  ident i f iable  em- 
bryoids.  Cultules  which  had  been subcul tured  consider-  
ably  more  t h a n  4 t imes  showed slower embryo id  forma-  
t ion.  This  could be due to increased sens i t iv i ty  to auxin  
carried over  f rom the  s tock suspension 0 or m a y  represen t  
in par t ,  an increasing lag period dur ing  which the  cells 
achieve the  metabol ic  s ta te  required for the  onse t  of 
embryogenes is .  

Interval Developmental stage Average doubling time 
(h) 

0- 95 Initial - young globular 14.5" 
90-142 Enlargement of globular 21 

140-165 Globular - heart 22 
165-195 Heart - young torpedo 25 

*Assuming single cell origin and no lag period prior to initiation. 
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