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T h e  Effect  of  P e n i c i l l i n  o n  Pasteurella 
pseudotuberculosis M o r p h o l o g y  

The  present  inves t iga t ion  arose f rom the  f inding of long 
f i lamentous  cells of PasteureUa pseudotuberculosis in the  
microscopic prepara t ions  of small  colonies grown a t  the  
border  of the  inh ib i to ry  zone on the  b lood agar  m e d i u m  
around the disc soaked wi th  penicil l in used in the  ant i -  
b iogram test.  

I t  is welt known t h a t  Pro teus  and m a n y  o ther  Gram-  
nega t ive  bacilli produce f i laments,  bulbous cells and 
spheroplasts  when t h e y  are exposed to  penici l l in 1 As far 
as we are informed,  a s imilar  ac t ion  of penici l l in on the  
microscopic morpho logy  of Pasteurella pseudotuberculosis 
has no t  y e t  been  described.  W e  therefore  sys temat ica l ly  
inves t iga ted  the  effect  of penici l l in and o ther  ant ib io t ics  
on the  morphology  of Pasteurella pseudotuberculosis. 

Materials and Methods. Stra ins :  Twelve  s t ra ins  of 
Pasteurella pseudotuberculosis were used for this inves t i -  
gation.  Two strains of t ype  1 were isolated f rom the  mesen- 
ter ic  lymphnodes  t aken  dur ing  opera t ion  of cases of  sus- 
pec ted  acute  or subacute  appendici t is  b u t  found to be 
cases of lymphadeni t i s  mesenter ial is  re t icu locyta r ia  ab- 
scedens caused b y  Pasteurella pseudotuberculosis. F i v e  
strains,  t y p e  1 to 5, were  ob ta ined  f rom Prof. D. W. 
KNAPP (Tiibingen) and five, t y p e  1 to 5, f rom D. H. 
MOLLARET (Paris). 

Media:  N u t r i e n t  agar  and 5% blood agar, bo th  wi th  
and w i thou t  peptone,  were used. 

Method :  W h a t m a n  No. 2 pape r  discs, d i ame te r  0.5 cm, 
were soaked wi th  the  solutions of antibiotics,  the  concen- 
t r a t ions  of which were as follows: penici l l in 50 and 500 
U/mI,  t e r ramyc in ,  s t rep tomycin ,  neomyc in  and  i lo tycin  
0.5 mg/ml ,  ch loramphenico l  0.7 mg/ml,  and r o v a m y c i n  
1 mg/ml .  The  discs were p laced on to  the  media  immedi -  
a te ly  af ter  the  inoculat ion,  and the  pla tes  to  be incubated  
a t  37°C p u t  in to  the  incuba tor  15 min  later.  

I ncuba t ion  was a t  37°C and a t  room t e m p e r a t u r e  
(about  22°C) for 24 h. 

The  plates  were inspected under  a low power  objec t ive  
(magnif ica t ion abou t  100 × ) af ter  24 h of incuba t ion  a t  
e i ther  t empera tu re .  Smears  were prepared  f rom the  
g rowth  t aken  f rom the  border  of the  inh ib i to ry  zone 
a round  each disc soaked wi th  antibiotics.  They  were f ixed 
in the  f lame and s ta ined by  Gram ' s  method.  

The  24 h colonies t aken  f rom the  border  of the  inhibi-  
to ry  zone were subcul tured  onto  nu t r i en t  agar  w i t h o u t  
ant ibiot ics  and incuba ted  for 24 h a t  37°C and a t  room 
tempera tu re ,  respect ively.  

Results. W h e n  the  field a round the  border  of the  in- 
h ib i tory  zone of penicil l in 500 U/ml  was inspected under  
a magni f ica t ion  of a b o u t  100× t h e  p ic ture  shown in 
F igure  1 was seen. Along the  border l ine  be tween  the  bac-  
ter ic idal  and the  bac ter ios ta t ic  zone single e longated and 
s l ight ly enlarged cells, some of t h e m  curled up, were seen. 
Deeper  wi th in  the  bac te r ios ta t ic  zone bundles  of e longated 
and enlarged cells were observed.  I n  some cases these 
formed more or  less regular  stars.  Sti l l  deeper  wi th in  t he  
bac ter ios ta t ic  zone i r regular  colonies were found (Fig. 2). 
A t  a still  grea ter  dis tance f rom the  border l ine  the  
colonies were larger  and also more  regular.  No  typ ica l  
L- type  colony pic ture  was detected,  no t  even  witch m a n y  
repea ted  exper iments .  The  picture ,  however ,  was similar  
to  t h a t  of Bacterium anitratum exposed to sulphathiazol .  

Fig. 1. Elongated and curved cells of PasteureIla pseudotubercu~osis, 
single (nearer to the disc soaked with penicillin) and in bundles. 
Unstained. Magnification ca. 100 ×. (Nutrient agar used in the anti- 

biogram test.) 

Fig. 2. Bundles of elongated cells of Pasteumlla pseudotuberculosiS 
and the irregular colonies of the same organisms. Unstained. Magnifi- 

cation ca. 100 ×. (Nutrient agar used in the antibiogram test.) 

I K. McQUtLLEN) Fourth International Congress of Biochemistry, 
vol. XIII,  Colloquia (Pergamon Press, London). 

Fig. 3. Elongated, fusiform or irregularly enlarged cells of Pasteuretla 
pseudotubemulosis. Stained by Gram's method. Magrdfieation ca. 

900 y, 
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In  the  smears  prepared  f rom the  g rowth  t aken  around 
the  disc con ta in ing  penicil l in (500 U/ml) ,  e longated  and 
i r regular ly  enlarged (some spindle-shaped) cells were seen 
(Figure 3). S ta ined  b y  Gram' s  method ,  the  en la rgements  
showed the  t endency  to re ta in  methy lv io te t .  Some of t he  
f i laments  were enlarged a t  the  end in the  form of a pear.  
Some of the  en la rgements  were  const r ic ted  in the  middle  
as though  beginning  to divide.  A m o n g  the f i laments  some 
rare round cells were observed which  migh t  be considered 
to represent  spheroplasts  of Pasteurella pseudotuberculosis. 
Excep t iona l ly  some t r i angula r  or  ramif ica ted  shapes were 
present.  The  changes a round the  disc of penici l l in 50 U / m l  
were of a minor  grade. 

T ransp lan ted  to  nu t r i en t  agar  w i thou t  ant ib iot ics  the 
microorganisms reversed to the i r  no rmal  morphologica l  
p ic ture  wi th in  24 h of g rowth  a t  37°C or  a t  r o o m  tem-  
perature .  

The  pa t t e rn  of an t ib io t ic  sens i t iv i ty  of the  inves t iga ted  
strains of Pasteurella pseudotuberculosis was as follows: 
All strains were sensi t ive to penicil l in 500 U/ml ,  to s t rep-  
tomycin ,  t e r ramycin ,  ch loramphenico l  and to neomycin ,  
res i s tan t  to penicil l in 50 U]ml ,  r o v a m y c i n  and to ilo- 
tycin.  

Ne i the r  the  smears prepared  f rom the  colonies nor  the  
plates  inspected under  a low power  ob jec t ive  showed m a n y  
abnormal i t i es  a round the  discs soaked wi th  o ther  ant i -  
biotics. Some medium-s ized  f i laments  were encounte red  
in t he  colonies of Pasteurella pseudotuberculosis exposed to  

the  ac t ion  of s t rep tomycin ,  ch loramphenico l  or  te r ra-  
mycin,  No  changes were  found a round  the  discs soaked 
wi th  r o v a m y c i n  and  i lotycin.  

Discussion. The  shapes  of Pasteurella pseudotuberculosis 
exposed to  the  ac t ion  of penici l l in are  ma in ly  s imilar  to  
those  produced  by  t h e  same agent  on o the r  Gram-  
nega t ive  bacter ia .  However ,  s l ight  differences are  en- 
countered  in the  form of the  en la rgements  and  in o ther  
details. These,  and also the  consis tent  reac t ion  of the  
s tudied  microorganisms to the  act ion of penicillin, migh t  
be used as a help in cases oI diff icult  bacter iological  diag- 
nosis of Pasteurella pseudotuberculosis ~. 

Zusammenlassung. Die morphologischen  VerAnderungen 
bei Pasteurella pseudotuberculosis un te r  dem Einfluss yon  
Penici l l in  warden beschrieben.  
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P e r i o d i c i t y  of S 3~ U p t a k e  in Rat  F e m u r s  z 

Studies using the  colchicine me thod  to achieve  me ta -  
phase ar res t  ~ and t r i t i a ted  t hymid ine  as a marke r  for 
D N A  synthesis  3 h a v e  shown t h a t  even ts  re la ted to cell 
division in ep iphysea l  car t i lage are  subjec t  to d iurnal  
var ia t ions .  This  paper  describes a p re l iminary  expe r imen t  
designed to  de tec t  da i ly  changes in the  funct ional  ac- 
t i v i t y  of car t i lage cells by  the  use of S 3~ sulfate  as an  index  
of chondroi t in  sulfate synthesis.  I n  v iew of def ini t ive  
evidence~,~ t h a t  chondrocytes  are the loci in which chon-  
droi t in  sulfate  is synthesized and subsequent ly  e labora ted  
f rom the  cells as a cons t i tuen t  of the  ground substance of 
car t i lage matr ix ,  the  possibi l i ty existed t h a t  differences in 
the  a m o u n t  of in jec ted  S a5 concen t ra ted  in the  t issue 
migh t  occur  over  a 24 h period. 

Method. Albino rats  (Sprague Dawley  strain),  45-50 g, 
were  singly housed and main ta ined  for two weeks under  a 
photoper iod  of 12h  (09:00-21 : 00) a l te rna t ing  wi th  12 h of 
darkness  (21 : 00-09:  00) and a t  a t empe ra tu r e  of 73-75°F.  
Food  and wate r  were supplied ad libitum. The  animals  
were weighed 24 h prior  to  exper imen ta t ion  and groups 
and subgroups were established according to thei r  weight  
gain  per formance  dur ing the  two week condi t ioning 
period. Nine teen  ra ts  (175-200 g) were in jec ted  wi th  30 txc 
S86-sulfate/100 g body weight  in 0. i  ml  dis t i l led wate r  via 
ta i l  ve in  be tween  09: 00-11 : 00 (day group) ; a second series 
(night group) was injected be tween  21 :00-22 :  30. Sub- 
groups of 4--5 rats  were sacrificed by  decap i ta t ion  a t  2-3, 
4, 8 and 12 h af ter  receiving the  t racer  dose. The  lef t  
femora  ob ta ined  a t  au topsy  were f ixed in 95% alcohol  6, 
embedded  undecalc i f ied in m e t h y l  me thac ry la t e ,  and sec- 
t ioned a t  100 ~ on a h igh  speed ro ta ry  saw. The sections 
were exposed for three  weeks in a freezer on K o d a k  Type  
A Autorad iograph ic  Plates.  The  darkening  of the  de- 

ve loped images on the  film was measured  a t  5 si tes on the  
dis tal  epiphyseal  and ar t icular  cart i lages,  and ep iphysea l  
mar row space by  scanning these areas paral le l  to the  long 
axis of  the  femur  wi th  a microscope-dens i tometer  (30 
aper tu re ) -Brown Recorder  combina t ion .  Transverse  scans 
across the  metaphys i s  and mid-shaf t  co r t ex  and  m a r r o w  
were also performed.  The  va lues  were  correc ted  for back-  
ground. 

Results. The  da ta  (Figure) revea l  t h a t  differences in the  
pa t t e rn  of S ~" incorpora t ion  occur only  in t he  dis ta l  
g rowth  cart i lage of the  femur.  The  up t ake  of the  t racer  is 
v e r y  un i fo rm over  the first four  hours  af ter  in ject ion in 
the  day-n igh t  groups, bu t  the  car t i lages  of the  day ra ts .  
d e a r l y  re ta in  (ca. 20%) more  S ~ af ter  8-12 h. The  re ten-  
t ion of S ss in ar t icular  car t i lages is v e r y  constant .  The  
curves  of the  metaphysis ,  d iaphysea l  shaf t  and mar row 
are  near ly  identical ,  and the  intensi t ies  of the  au torad io-  
graphic  images remain  re la t ive ly  cons tan t  a f te r  an  ini t ia l  
small  decrease f rom 2-3 h. 

Discussion. E x c h a n g e  p h e n o m e n a  be tween  tissne chon-  
droi t in  sulphuric  acid  and  blood wi th in  t he  first  4 h a f te r  
S a5 admin is t ra t ion  p robab ly  account  for the  ear ly  ap- 
pa ren t  absence of day-n igh t  differences in the  t racer  con- 
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