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Spores of Microorganisms.  Chloramphenicol-  
Sensitive and Penici l l in-Resistant Incorporation 
of ~4C-Diaminopimelie Acid into Sporulating 

Cells of B a c i l l u s  c e r e u s  

Sporogenesis of bacilli is a remarkable form of the last 
cell division, a t  which one of the arising cells forms a num- 
ber of effective protective mechanisms including the for- 
mation of very rigid envelopes, and the second one dis- 
appears during further development. 

The surviving cell, the spore, is typical also in its new 
components, e.g. dipicolinic acid (DPA) and calcium. The 
synthesis of its proteins and polymerized peptidic struc- 
tures during the sporogenesis is accompanied e.g. by con- 
siderably higher incorporation of zsS-cysteine ~,s, x*C-di- 
aminopimelic acid and xaC-lysine ~. Diaminopimelic acid 
{DAP) is a typical component of the spore coats* and, 
according to recent findings, of the spore cortex as well~-L 
Two periods of increased incorporation of ~C-DAP into 
the hot-TCA-precipitate of cells can be distinguished 
during sporogenesis: the first approximately in the period 
when the prespore septum was formed and the second one 
after the formation of slightly retractile spores, i.e. during 
so-called 'whitening 'z. While in the first period also ~aC- 
lysine resulting from ~*C-DAP decarboxylation is highly 
incorporated, in the second one during spore maturation 
practically only x*C-DAP is being incorporated. 

~, e-diaminopimelic acid is a typical 'cell wall' amino 
acid. The incorporation of amino acids into the cell walls 
is inhibited by  penicillin and not  by chloramphenicol s-x°. 
The penicillin inhibit ion of DAP-incorporation into the 
cell wall was found in a number  of microorganisms n,xz. 

When examining the effect of chloramphenieol (100 
~g/ml) and of high doses of penicillin (1000 U/ml) on the 
sporogenesis, we have found tha t  the incorporation of ~aC- 
DAP into hot-TCA-precipitate is not inhibited by penicil- 
•in during this process. Chloramphenico], however, induces 
a considerable decrease of incorporation. 

The strain NCIB 8122 of Bacillus cereus was grown in 
liquid bactopeptone medium ta on a shaker at  30°C. Before 
the antibiotics and x*C-DAP were added, the culture was 
divided into several series of flasks. Penicillin and chlor- 
amphenicol were added to the single series of flasks to- 
gether with 2-x*C-a, ¢d-diaminopimelic acid (0.017 ~tc/ml, 
total DAP concentration 3.4 ~g/ml) after about  15% of 
prespores had been formed. Therefore the culture was in 
contact with ~C-DAP mostly at  the time when no incor- 
poration of x~C-lysine resulting from DAP decarboxyla- 
tion occurred. Nevertheless, the excess of xzC-lysine 
(1 • 10-aM), which usually inhibited the incorporation of 
~aC-lysine formed from ~C-DAP during the prespore for- 
mation, was added to the parallel cultures ~. In  30 rain 
intervals the radioactivity was examined of cell hot-TCA- 
precipitate, washed and treated with fat solvents ~, by 
means of methane 2 rt flow counter. Radioactivity is ex- 
pressed in counts/min per mg nitrogen of hot-TCA- 
precipitate. At the same time, the percentage of cells con- 
taining slightly retractile prespores was investigated. We 
have found (Figure) tha t  chloramphenicol markedly in- 
hibits the ~*C-DAP incorporation, while penicillin, espe- 
cially in the first period of incubation, distinctly stimu- 
lates the incorporation of x~C-DAP as compared to the 
control without antibiotics. Presence of excess of ~*C- 
lysine in  no case influenced the rate of ~*C-DAP incorpora- 
tion. Chromatography of hydrolyzed TCA-precipitate and 
its autoradiographic control showed that  in all cases xaC- 
radioactivity was localized in diaminopimelic acid only. 

As for other effects of chloramphenicol on sporogenesis, 
this antibiotic considerably slows down the dipicolinic acid 

synthesis and calcium accumulation in sporangia. The 
arising spores are sometimes more round. 
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The incorporation of xtC-diamlnopimelic acid into proteins of sporu- 
lating cells of Bacillus cereus. 
O ~O control culture 
o--o penicillin-treated culture 
*--~ chloramphenicoi-treated culture 

o--Gpereentage of spores or spore-like forms 
full lines: only 14C-DAP added 
dotted lines: I*C-DAP plus excess of l~C-lysine added. 

I t  is not yet known why penicillin increases the 14C- 
DAP incorporation at  the beginning of incubation. In  
this phase penicillin promotes, within a short time, the 
reversion of prespores to transparent  forms and to release 
of typical spore components, calcium and dipicolinic acid 
from the sporangia ~5. In  later phases of penicillin inhibi- 
tion, the marked release of 14C-DAP from the cells to- 
gether with accelerated autolysis of sporangia also takes 
place (VINT~R, unpublished results). Our further experi- 
ments show that, while penicillin disturbs the cells during 
the whole period of DPA synthesis and calcium accumu- 
lation, the inhibitory effect of chloramphenicol decreases 
in this stage, being very effective at  the beginning of pre- 
spore formation. Furthermore, we have found that  chlor- 
amphenicol very strongly inhibits incorporation of 14C- 
Iysine, 85S-cysteine, and x4C-glutamic acid into hot-TCA- 
precipitate of the sporulating cells. The incorporation of 
these amino acids is very significant during sporogenesis. 

The results of our experiment with chloramphenicol 
show that the mechanism of formation of DAP-containing 
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s t ructure ,  most  p robab ly  of cortex,  dur ing  sporogenesis  is 
not  ident ical  with usual mechan i sms  of the  cell wall 
synthes is  dur ing normal  division. 

The format ion  of some new enzymes  dur ing  sporo- 
genesis has a l ready  been descr ibed ; and for the  t ime being, 
it is not  yet  ev iden t  whe the r  ch lo ramphen ico l  specifically, 
inhibi ts  the  fo rma t ion  of DAP-con t a in ing  s t ruc tu re  or t he  
synthes is  of some enzymes  newly arising dur ing  sporula-  
tion and responsible  or co-responsible  for the  syn thes i s  of 
s t ruc tu res  con ta in ing  d iaminopimel ic  acid. 

Zusammen/assung,  W g h r e n d  der  Bi ldung  der  Prae-  
sporen  wird der  E inbau  der  ~4C-Diaminopimelins~ture 
durch  Chloramphenico l  (100 b~g/ml) betr~tchtlich g e h e m m t  
und  d u t c h  Penici l l in (1000 E/ml)  wenig erh/Yht. 

V.  ~7]NTER 

Institute o/ M icrobiologie. Czechoslovak .4 c ademy o~ Sciences, 
Prague (C~echoslov'akia), December 27, 1962. 

Mesencephalic Reticular Responses  to Natural 
and to Repeated Sensory Stimuli  

"['he purpose  of th is  inves t iga t ion  was to eva lua te  the  
respons ivencs ;  of neurones  in the  Mesencephal ic  Re t icu la r  
F o r m a t i o n  to na tu ra l  st imuli ,  and to s t u d y  the  effect  of 
repe t i t ion  of such st imuli .  

E x p e r i m e n t s  were pe r fo rmed  in cats  e i ther  anes the t i zed  
wi th  chloralose or immobi l ized  wi th  gal lamine t r ie th io-  
dide. Spike ac t iv i ty  of single neurones  was recorded ex t ra -  
cellularly wi th  KCl-filled mic rop ipe t t e s  placed s te reo tax i -  
cally. Na tu ra l  s t imuli  of d i f ferent  modal i t ies  were t e s t ed :  
somatic ,  as l ight t a p p ing  of skin, b rush ing  of hairs and 
c lamping  of toes;  acoustic,  as voices, clicks or c laps;  
visual,  as i l luminat ion wi th  a weak f lashl ight  or ob jec t  
m o v e m e n t  in f ront  of the  eyes. More art if icial  s t imuli  as 
electr ical  shocks  to subcu taneous  t issues of pads,  flashes 
and  tones  were used also. St imul i  were t e s t ed  as fre- 
quencies  be tween  0.05 and 10 c.p.s. 

F ind ings  can be summar i zed  as follows : (i) A high per- 
centage  of re t icular  neurones  r e sponded  well to  na tu ra l  
s t imuli  (Figure 1). The set  of na tu ra l  exc i ta t ions  t h a t  
inf luenced each uni t  var ied  grea t ly  from cell to cell: 
var ia t ions  involved the  effect ive modal i t ies  (somatic  only, 
acoust ic  only, somat ic  and visual,  etc.) ;  the  mos t  effect ive 
type  wi th in  each m oda l i t y  (skin tapping ,  hai r  brushing,  
etc.) and,  a t  least  for the  somat ic  sphere,  the  recept ive  
field for each type  (fields could be localized, widespread ,  
or discont inuous) .  
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Fig. 1. Com'erxence o/ natural stimuli and specific attenuation. Unit 
activity in Mesencephalic Reticular Formation; lines above tracing 
indicate stinmli; nulnbers above bars indicate position of stimulus 
within the sequence. A, Taps. The unit responded to the initial (1, "2} 
but not to the subsequent (3-12) taps to the left hindpaw (LHP) 
(attenuation); tap la to the right hindpaw (RHP) was effective 
(specificity). B, hand passing in front of eyes. hfitial effectiveness and 

subsequent attenuation. 

(ii) Ret icu lar  uni ts  failed to ' follow' even  low fre- 
quencies  (i.e. failed to respond to every  s t imulus  of a 
train) (Figure 2By : Figure 2A indicates  t h a t  the  m a x i m a l  

following ra tes  for somat ic  exc i ta t ions  fell wi th in  t he  0.2 
to 10 c.p.s. These ra tes  could no t  be forced outs ide  the  
s t a t ed  range,  and  in some cases could not  even be modi-  
fied by  large increases  in s t imulus  in tens i ty .  "When a cell 
r e sponded  to d i f fe rent  st imuli ,  as a t ap  to  the  skin and  a 
click (or to d i f fe rent  localization of the  same s t imulus ,  as 
a t ap  to the  forepaw and to the  h indpaw) ,  the  m a x i m a l  
following ra tes  for each exc i t a t ion  (or for each p lacement )  
could be diss imilar  but ,  in every  case, r emained  wi th in  the  
same low f requency  range (Figure 2By. 
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Fig. '2. A, maximum following rates. Histogram (bar on far left indi- 
cates one neurone). B, ]ollowing capacity in a single mesencephalic 
relzcular unit. On abscissae, ~timulus frequency ill c.p.s.; O11 ordinate, 
percentage of stimuli that were effective within a train of a given 
frequency for claps (curve 1), light taps to nose (curve 2) and shocks 

to pad of left hindpaw (curve 3). 

(iii) The response  of a h igh p ropor t ion  of cells showed 
a t t e n u a t i o n  on repe t i t ive  appl ica t ion  of a s t imulus  (natura l  
or artificial) : the  t e rm ' a t t e n u a t i o n '  implies t h a t  the  effect  
of the first  few shocks was clear bu t  t h a t  of subsequen t  
shocks was reduced  and  even tua l ly  pe rhaps  absen t  
(Figure 1). The response  r eappea red  a f te r  a per iod w i t h ou t  
s t imula t ion .  The remain ing  cells did no t  a t t enua te ,  b u t  
equ i l ib ra ted ;  in this  case the  p ropor t ion  of s t imuli  evok-  
ing a response  remained  c o n s t a n t  t h r o u g h o u t  a prolonged 
t ra in .  The t ime  course of a t t e n u a t i o n  could be inf luenced 
by  the  modal i ty ,  type ,  i n t ens i ty  and local izat ion of the  
s t imulus,  bu t  in mos t  of the  uni ts  even ma r k e d  changes  in 
these  p a r a m e t e r s  did no t  conver t  a t t e n u a t i o n  in to  equili- 
bra t ion .  

A t t e n u a t i o n  was usual ly specific:  a f ter  a cell had  be- 
come unrespons ive  to a r epea ted  s t imulus,  it  would be 
unrespons ive  also to similar  s t imul i  (generalization) b u t  
re ta in  its r eac t iv i ty  to suff ic ient ly  d i f fe rent  exc i ta t ion  
(Figure 1). The degree of d iss imi lar i ty  necessary  to evoke 
a response  var ied :  in some cells a shif t  of a few cent i -  
me te r s  of the  po in t  of s t imula t ion  suff iced;  in most ,  gen-  
eral izat ion was more  marked  and  the  response  could be 


