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Unusual  Gell F o r m  of Bacter ium an i t ra tum 
Produced by Sul fonamides  

Beside the  s imple f i l amenta t ion  and subsequen t  bulg- 
ing to sp indle-shaped and  la ter  to spheroplas t - l ike  forms 
which  was observed  to occur under  the  act ion of sulfa- 
th iazol  in o therwise  rod-shaped  Bacterium anitratum 1, 
some o ther  changed  forms were encounte red  in fu r the r  
work wi th  new s t ra ins  of the  same organism. 

Five  s t ra ins  of Bacterium anitratum were used in th is  
s tudy.  They  were isolated f rom superficial  wounds,  f rom 
deep suppura t ion ,  and f rom oral mucosa in normal  adults .  

The m e thod  of producing  the  morphological  changes  in 
these  s t rains  b y  su l fonamides  has been  descr ibed pre- 
viously 1. Beside sulfathiazol,  some o ther  sul fonamides  
(sulfadiazine, sulfamerazine,  su l famethoxypyr idaz ine ,  
gantr is in ,  elkosin) were used in th is  s t u d y  to see if there  
were any  differences in the  morphological  react ions  of the  
s t ra ins  to the  influence of d i f ferent  sulfonamides.  Special 
emphas is  was p u t  on the  examina t ion  of ve ry  small  
colonies which were found in and  be tween  the  less changed  
colonies of the  same s t ra ins  growing at  the  border  of the  
inhibi t ion zone a round  the  sul fonamide discs and  in the  
inhib i t ion  zone where no growth  could be de tec ted  wi th  
the  naked  eye. These small  colonies were ve ry  i r regular  in 
form and outl ine.  Some of t h e m  were i r regular ly s tar-  
shaped,  some wi th  longer f i laments  p ro t rud ing  f rom the  
colony border.  The still smaller  ones were represen ted  only  
by  irregular bunches  of uneven ly  long f i laments .  The 
smal les t  were composed  of a few cells only. W h e n  ob- 
served by  0RSKOV'S direct  agar microscopy 2, some single 
or mult iple  en la rgemen t s  were seen in the  f i laments .  
These en la rgements  were granula ted  and in general  dar-  
ker. They  cor responded  to the  cell en la rgements  seen in 
s ta ined smears  where t h e y  showed the  t e n d e n c y  to re ta in  
me thy l  violet when  s ta ined by  Gram technique,  and also 
me thy lene  blue when  s ta ined for 30 sec, or fuchsin 1 : 10 
when s ta ined for 10 20 sec. In  addi t ion  to e longated  and 
spindle-shaped forms, some c lub-shaped (Figure 1) and 
plectr idium-l ike forms were seen. Some occasional  tr i-  
angular  or ramif ied forms were also found (Figure 2). 
Some of the e longated  forms were wound  and coiled over  
the i r  whole leng th  and others  only at  the  end (Figure 3). 

We do not  consider  the  changed forms descr ibed above 
to be produced  specifically by  sul fonamides  because they  
were also found in bacter ia  exposed to penicillin or to 
o the r  unfavorable  env i ronmen ta l  factors  which inh ib i ted  

cell-division b u t  al lowed cel l -growth to go on a t  the  same 
t ime.  In  Klebsiella pneumoniae t r iangular  and clearly 
ramif ied  forms were found as a resul t  of the  low incuba-  
t ion t e m p e r a t u r e  3. In  LactobaciUus vaginalis winding and 
coiling was found subsequen t  to the  e longat ion of cells to 
f i laments  af ter  a prolonged incuba t ion  in thioglycol la te  
b r o t h  a t  37~ 4. Wind ing  and  coiling of the  e longated  
f i laments  was found also ill the  cul tures of Pasteurella 
pseudotuberculosis exposed to  penicill in 5. All these  un- 
usual  forms are an express ion of the  stress reac t ion  and 
subsequen t  a d a p t a t i o n  of bac ter ia l  celt g rowth  to the  
env i ronmen ta l  shocks of a chemical  or physical  na tu re  
which  result  in inh ib i t ion  of cell division in growing 
bacter ia .  

Besides these  s t r iking changes,  the  n u m b e r  of dis- 
t inc t ly  polar -s ta ined  cells (which, however ,  migh t  be 
found in Bacterium anitratum unde r  appa ren t l y  ' no rmal '  
condit ions) was so high in the  colonies exposed to penicil-  
lin t h a t  th is  seemed to represen t  a t ype  of cell reac t ion  to 
unfavorab le  env i ronmen ta l  condi t ions  which allow only  
li t t le fu r the r  g rowth  of the  individual  cells a f te r  the i r  
divis ion has been  s topped.  Polar  s ta in ing migh t  be found  
also in cases where  the  inhib i t ion  of cell division hap-  
pened  not  long before the  smears  were made  and the  cell 
had  no t ime to e longate  fur ther .  

Fig. 2. Ramified filaments of B. anitratum grown under sulfonamides. 
Gram stain. Magnification approx, x 1200. 

Fig. 3. Coiled forms of B. anitratum grown under sulfonamides. 
Gram stain. Magnification approx, x 1000. 

Fig. 1. Club-shaped filaments of B. anitratem grown under sulfon- 
anfides. Gram stain. Magnification approx, x 1200. 
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W o u n d  forms m i g h t  be expla ined  by  local weakening  of 
the  cell wall, t he  coiled ones by  uni la tera l  weakening  of 
cell wall in cells which  are growing beyond  the i r  no rmal  
dimensions.  Tr iangular  forms are somet imes  found at  the  
beg inn ing  of b ranching ,  or occur in cases where  the  
b ranch ing  is la ter  s topped  by  the  bacter ic idal  concent ra -  
t ion of the  su l fonamides  which  wi th  t ime replaces the  
bac te r ios ta t ic  concent ra t ion ,  as happens  in the  sens i t iv i ty  
test .  

Ramif ied  forms m a y  be p roduced  by  mult iple  budd ing  
of rounded  spheroplast - l ike  cells, which were a l ready  de- 
scribed in Bacterium anitratum under  sulfathiazol  1, and  
by  subsequen t  e longat ion  of these  buddings .  If  the  
e longat ions  of mul t ip le  budd ings  la ter  f r agmen t  a t  the i r  
base b u t  s t ay  in app rox ima te ly  the  same posit ion,  
d iph the ro id  fo rmat ions  are produced.  Pe rhaps  in th is  way  
the  f requen t  appea rance  of d iph the ro ids  (some of which  
agglut ina te  in an t i se rum prepared  f rom the  pa ren ta l  
s t ra in  e) f rom secondary  colonies in old bacter ia l  cul tures  
migh t  be explained.  

No signif icant  differences were found in the  ac t ion  of 
d i f ferent  su l fonamides  tes ted .  

Zusammen/assung. Neben  berei ts  beschr iebenen  fusi- 
fo rmen  F i l amen ten  und  Spheroplas ten- / ihnl ichen F o r m e n  
e n t s t a n d e n  un te r  dem Einf luss  der  Su l fonamidprgpara te  
(Sulfathiazol,  Sulfadiazine, Sulfamerazine,  Su l fameth-  
oxypyr idaz ine ,  Gantr is in ,  Elkosin) aus den s t / ibchen-  
f6rmigen Zellen des Bacterium anitratum, auch andere  
abe r ran te  Zellformen, wie p lekt r id iumf6rmige ,  tr iangul/ire 
und  verzweigte  F i lamente .  
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Succ inox idase  Act iv i ty  of Mitochondria  Isolated 
f r o m  the Liver of Rats  after Partial  H e p a t e c t o m y  

and H y p o p h y s e c t o m y  

Whereas  a decrease of succinate  dehydrogenase  ac t iv i ty  
has been observed in the  homogena te  of regenera t ing  l iver  
t issue dur ing the  first  48 h following par t ia l  h e p a t e c t o m y  
(PHE)  1, an increase of th is  ac t iv i ty  has been  no ted  in a 
suspension of mi tochondr i a  isolated f rom regenera t ing  
liver*. Similar discrepancies,  depend ing  on the  condi t ions  
of  assay, have  been  obta ined,  for example,  in the  de ter -  
mina t ion  of cy toch rome  oxidase  ac t iv i ty  1-3. Analogous 
to the  succinate  dehydrogenase  act ivi ty ,  succinate  oxi-  
dase ac t iv i ty  also falls in the  homogena te  f rom regenera t -  
ing liver 4. As the  respect ive  enzyme sys tem is located  
exclusively in mi tochondr ia ,  we have  decided to  de ter -  
mine succinate  oxidase  ac t iv i ty  in a suspension of isolated 
mi tochondr ia .  Since some processes which t ake  place 
af ter  par t ia l  h e p a t e c t o m y ,  such as the  incorpora t ion  of 
3H-thymidineS,  are affected by  the  removal  of the  
p i tu i ta ry ,  succinate  oxidase ac t iv i ty  was also s tudied  ill 
h y p o p h y s e c t o m i z e d  ra ts  (HyE).  

Four ty -e igh t  albino ra ts  of the  Wis t a r  s t rain,  aged 
3-4 months ,  which  had  had  free access to the  usual  
l abora to ry  die t  6, were used. The es t imat ions  were per-  
formed on u n o p e r a t e d  contro l  ra ts  24 h and  48 h af ter  
P H E ,  i.e. a resect ion  of 65-70% of the  l iver ~, 24 h af ter  
H y E  s, 24 h a f te r  H y E  and l apa ro tomy  (sham operat ion) ,  
and  24 h af ter  H y E  and P H E .  Mi tochondr ia  were iso- 
la ted  f rom the  liver t issue by  a modif ica t ion  of the  pro-  
cedure of ALDRIDGE 9'1~ Succinate  oxidase ac t iv i ty  was  
de t e rmined  in  the  WARBURG appa ra tu s  n - i s  f rom the  
oxygen  consumpt ion  b y  mi tochondr i a  suspended  in the  
incuba t ion  m ed ium (Krebs -Ringer  saline wi th  reduced  
NaHCO a con ten t  of 0.35 mg/ml)  14 to which sodium suc- 
cinate had  been  a d d e d  (18.3 mg per  3 ml  incuba t ion  
medium).  Ni t rogen  was  e s t ima ted  by  the  mic ro-Kje ldah l  
m e t h o d  15. 

The resul ts  are shown in the  Table. The l e f t -hand  
co lumn represen ts  the  n i t rogen  con ten t  of m i tochondr i a  

Groups Mitochondrial N mm 8 02 uptake 
mg per 1 g "~er mg mito 
wet tissue chondrial N 

Non-operated rats 3.13 4. 0.22 

24 h after laparotomy 2.76 4- 0.17 

24 h after partial hepatec- 2.55 • 0.14 
tomy 

24 h after hypophysectomy 3.22 4- 0.59 

24 h after hypophysectomy 2.73 ~_ 0.19 
and laparotomy 

24 h after hypophysectomy 3.15 4. 0.65 
and partial hepatectomy 

48 h after laparotomy 2.70 4. 0.20 

48 h after partial hepatee- 2.84 4- 0.41 
tomy 

504.70 4- 18.30 

404.90 4- 49.00 

234.31 4- 52.00 

520.00 4- 45.07 

373.00 • 27.45 

299.60 4- 60.50 

587.50 4- 83.19 

190.70 4- 63.70 
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