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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). 
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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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The first  embryoid- l ike  s t ruc tures  to appear  in the  cul tures  
were usual ly abnorma l ly  large and often showed no signs 
of cotyledon format ion .  This t ype  of s t ruc tu re  was 
d is regarded as were rhizogenic s t ruc tures  when  de te rmin-  
ing the  t ime of appearance  of normal  embryoids .  Cell 
counts  were pe r fo rmed  on these abnorma l  embryoids .  
The da t a  indicate  a fas ter  cell doubl ing t ime  t h a n  t h a t  
occurr ing dur ing  'normal '  deve lopment .  This  abnorma l  
g rowth  is possibly due to the  initial  lack of some condi-  
t ioning factor  f rom the  medium.  Some suppor t  for th is  
view comes f rom an expe r imen t  in which a sample  of 
globular  embryo ids  separa ted  as ept ical ly  a, was t rans -  
ferred to  fresh Murashige and Skoog med ium lacking 
2,4-D. Large abno rma l  embryo id  s t ruc tu res  were pro-  
duced.  
To ob ta in  cell counts  for the  very  young globular  s tage 
we used a geometr ica l  me thod  which assumed t h a t  the  
s t ruc tures  were spherical  and t h a t  the  cells packed  
wi th in  the  embryo id  app rox ima ted  to cubes all of a 
similar size. F rom a de t e rmina t ion  of the  per iphera l  cell 
n u m b e r  of a cross-sect ion we were then  able to calculate  
the  n u m b e r  of cells in the  embryoid .  Cell counts  for la ter  
s tages in embryo id  deve lopmen t  were ob ta ined  by  more  
convent iona l  means.  Ind iv idua l  ceils were freed f rom the  
embryo ids  by  t r e a t m e n t  wi th  1% cellulase in ace ta te  
buffer  p H  4.6 for 3 h a t  37~ The separa ted  cells were 
then  suspended  in 50% glycerol and counted  using a 
h a e m o c y t o m e t e r  slide. 
Results and discussion. Rates  of cell division (i.e. cell 
doubl ing times) were calculated assuming t h a t  embryo ids  
develop f rom single cells 4. Thus, average cell doubl ing 
t imes  are t iven by  h /D where h is the  t ime required for 
appearance  of the  embryo id  stage and D is equal  to the  
number  of doubl ings in cell number .  D is def ined by  the  
express ion log N log N0/log 2 where N the  cell n u m b e r  

af ter  h hours  and N o is the  original  cell number .  The  
values ob ta ined  provide  a m i n i m u m  es t imate  for the  
m a x i m u m  rate  of cell division and assume t h a t  all the  
cells in the  embryo id  are d iv id ing  and at  a s imilar  rate.  
The lack of polar ized g rowth  in the  young globular  s tage 
poin ts  to th is  ' ideal '  s i tuat ion.  
Table 1 shows the  average n u m b e r  of cells in each 
embryo id  stage toge the r  wi th  the  t ime f rom the  ini t ia t ion 
of a cul ture  to when  examples  of each stage m a y  first  be 
observed.  In  table  2 we have  p resen ted  the  average cell 
doubl ing t imes  for each stage in embryo id  deve lopment .  
The initial  d e v e l o p m e n t  of embryo ids  in cul ture appears  
to be much  more  rapid than  occurs in vivo. E.g. in co t ton  7 
the  init ial  cell doubl ing  t ime is 20-22 h as compared  wi th  
14-15 h in car ro t  cultures.  This  m a y  reflect  the  modi-  
f icat ion to, or absence  of, i m p o r t a n t  control  sys tems  in 
cul ture as compared  wi th  the  in vivo s i tuat ion.  The 
format ion  of large abnorma l  embryo ids  is p ro b ab l y  a 
fu r ther  man i fes t a t ion  of this,  r epresen t ing  a s i tua t ion  ye t  
more  remote  from the  control led  e n v i r o n m e n t  of the  
ovule. 
Values for the  doubl ing  t ime of small  mer i s t ema t i c  
(embryogenic)  cells of car ro t  growing in a nondif feren-  
t ia t ing  stage (td 65 h, ca lcula ted  f rom Jones  8} indicate  t h a t  
the removal  of auxin  from the  cul ture  med ium results  in 
a d rama t i c  reduct ion  in doubl ing t ime for cells des t ined  
to develop into embryo ids  (see table  2 for comparison) .  
Da ta  of Bayliss 9 also indicate  t h a t  doubl ing t imes  for 
ca r lo t  cells growing in the  absence of auxin  are much  
reduced,  however  it is not  clear to wha t  e x t e n t  embryo ids  
were included in the  cell counts .  

7 E.G. Pollock and W. A. Jensen, Am. J. Bot. 51, 915 (1964). 
8 L.H. Jones, Ann. Bot. 38, 1077 (1974). 
9 M.W. Bayliss, Exp. Cell Res. 92, 31 (1975). 
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Summary. I t  was shown in the  r a t  t h a t  mobi l iza t ion of in t ramuscu la r  t r iglycer ide dur ing exercise is control led by  the  
adrenergic  sys tem.  

I t  was repea ted ly  shown t h a t  in t ramuscu la r  t r iglycer ides  
are mobil ized dur ing  exercise 2 8. However ,  the  mechan i sm 
control l ing this  process  has not  been unders tood  yet.  In 
the  p re sen t  work it was found t h a t  the  adrenergic  sys t em 
is responsible  for ac t iva t ion  of in t ramuscu la r  t r iglycer ide 
b r eakdown  dur ing  exercise. 
Materials and methods. The exper iments  were carried out  
on male Wis ta r  ra t s  weighing 200 250 g, fed ad l ib i tum 
with  commercia l  pel le t  diet  for rodents .  The animals  were 
divided into 2 groups:  I the  control  group, II  the  pro-  
pranolo l - t rea ted  group. Propranolol  (Inderal ,  Galenika) 
in a dose 2.5 mg/kg  was injected s.c. 15 min before 
exercise. Half  of each group was subjec ted  to the  exercise, 
while the  o ther  hal f  was kep t  at  rest  and depr ived  of the  
food at  the  same t ime.  The exercising ra ts  were loaded 
with a weight  equ iva len t  to 1% of the i r  b. w t  a t t a ch ed  to 
base of the  tail  and  then  t h e y  were forced to swim in a 
metal  barre l  58 cm in d iamete r  filled to a level of 40 cm 
with wa te r  at  t e m p e r a t u r e  33-35 ~ 6 ra t s  were made  to 
swim s imul taneously .  I t  was found in pre l iminary  ex- 

pe r imen t s  t h a t  the  contro l  ra ts  were able to swim for 
no t  much  more  t h a n  5 h, and the  p roprano lo l - t r ea t ed  
ra ts  for not  much  more  than  3 h. According to these data ,  
to avoid stressfull  drowning,  ra t s  were sub jec ted  to ex- 
haus t ive  swimming  which was ceased af ter  5 h in the  

1 Acknowledgments. The work was supported by the Polish 
Academy of Sciences, grant No. 10.4.2.01.3.2. 

2 K.M. Baldwin, ]. S. Reitman, R. L. Terjung, W. W. Winder 
and J. O. Holloszy, Am. J. Physiol. 225, 1045 (1973). 

3 J . K .  Barclay and W. N. Stainsby, Am. J. Physiol. 223, 115 
(1972). 

4 L.A. Carlson, L. G. Ekelund and S. O. FrSberg, Eur. J. olin. 
Invest. 1,248 (1971). 

5 S.O. Fr6berg, Metabolism 20, 714 (1971). 
6 S.O. Fr6berg and F. Mossfeldt, Acta Physiol. Stand. 82, 167 

(1971). 
7 J .S .  Reitman, K. M. Baldwin and J. O. Holloszy, Proc. Soe. 

exp. Biol. Med. ld2, 628 (1973). 
8 D.G. Therriault, G. A. Beller, J. A. Smoake and L. H. Hartley, 

J. Lipid Res. 14, 54 (1973). 


