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Increase of proteolytic activity in Lactobaci l lus  casei by X-ray irradiation 

J. Singh and B, R a n g a n a t h a n  

Dairy Microbiology Division, National Dairy Research Institute, Karnal 132001 (HaVyana, India), 12 July 1977 

Summary. A s tudy  was conduc ted  on the  effect  of X - r a y  i r radia t ion  on proteoly~ic ac t iv i ty  of Lactobacillus casei 
(RTS).  Subs tan t ia l  increase (82%) in the  pro teo ly t ic  ac t iv i ty  was no ted  among  the  isolates of X - r a y  i r rad ia t ion  sur- 
v ivors  af ter  18,000 R. 

As pro teoly t ic  ac t iv i ty  of microorganisms  con t r ibu tes  
s ignif icant ly  to the  t ex tu re  and  f lavour by  the  degrada-  
t ion of casein dur ing cheese r ipening,  it  was considered 
wor thwhi le  to explore the  poss ibi l i ty  of ob ta in ing  m u t a n t s  
of L. casei (RTS) wi th  increased pro teo ly t ic  ac t iv i ty .  
Such genetic va r i an t s  m a y  have  prac t ica l  significance 
in cheese r ipening.  
Material and methods. A s t ra in  of Lactobaeillus casei 
(RTS) ma in t a ined  in the  cul ture  collection of Nat iona l  
Dai ry  Research  I n s t i t u t e  was selected for the  p resen t  
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Fig. 1, Linear regression of tyrosine liberated with clearance zone. 
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Fig. 2. Survival curve of Lactobacillus casei after exposure to X-ray 
irradiation. 

s tudy.  25 ml  of an enr iched med i u m I were inocula ted  
wi th  107 colony forming  uni ts  of 16-h-old culture.  Af te r  
incuba t ion  for 9 h a t  37 ~ cells were ha rves ted ,  washed  
twice wi th  phospha t e  buffer  (0.02 M; p H  7.0) and re- 
suspended  in the  same buffer.  20 ml of the  washed  cell 
suspension hav ing  an OD of 0.55, ad jus ted  in a Hilger 
Abso rp t i ome te r  a t  430 txm, were sub jec ted  to var ious  
doses of X- rays  f rom a Phi l ips  Contac t  T h e r a p y  Ins ta l la-  
t ion (Type No. 11606/58, 50 KV,  220 V tube).  Af te r  
p la t ing  contro l  and  expe r imen ta l  samples  on an enr iched 
t o m a t o  juice agar  s u p p l e m e n t e d  wi th  10% steri l ized skim 
milk1, a surviva l  curve was p repa red  by  p lo t t ing  the  log 
n u m b e r  of survivors  aga ins t  X-dose  ranging  f rom 0 to 
27,000 R. 5 i r radia t ion  tr ials  were conduc ted  and  sur- 
vivors  were isolated a t  r a n d o m  from pet r i  dishes showing 
1.0-0.1% survival .  The isolates were compared  wi th  non-  
i r radia ted  control  for var ia t ions  in pro teo ly t ic  ac t iv i ty .  
For  p ro teo ly t ic  ac t iv i ty ,  isolates from contro l  as well 
as expe r imen ta l  samples  were grown in steri l ized skim 
milk for 24 h a t  37 ~ and tyros ine  released was de t e rmined  
according to the  procedure  of Hul l  2. 
Results and discussion. A p p r o x i m a t e l y  10 30 colonies per  
pla te  were examined  bo th  in control  and i r rad ia ted  
samples.  Before screening the  m u t a n t s  for p ro teo ly t ic  
ac t iv i ty  on the  basis of c learance zones, colonies of the  
non- i r rad ia ted  cul ture  were examined  for the  same. A 
re la t ionship be tween  the zones of clearance and pro teo ly t ie  

1 J. Singh and B. Ranganathan, Acta microbiol, pol. (5, 15 (1974). 
2 M.E. Hull, J. [)airy Sci. 30, 881 (1947}, 

Table la. Relationship between clearance zones and proteolytic 
activity in the untreated Lactobacillus casei 

Type Clearance zones 
(ram) 

No. of colonies showing proteolytie 
activity (rag of tyrosine liberated/g 
of curd)* 
0.00 0 .23  0.24-0.31 0.32-0.40 

1 8-10 8 27 15 
2 5 7 32 14 4 
3 0-4 45 5 0 

* No. of colonies examined in each type -~ 50. 

Table lb. Analysis of variance 

Source of Degree of Mean sum of Significance of 
variation freedom squares F-ratio 

Between types 2 0.2098 45.6086 
Within types 147 0.0046 (EMS) 

EMS = Error mean square. 
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Table 2. Proteolytic activity of L. casei recovered after exposure of 
X-ray irradiation (mg of tyrosine/g of curd) 

Irradiation trial L. casei* 
Parent strain Mutants 

1 0.320 0.655 
2 0.375 0.610 
3 0.300 0.625 
4 0.380 0.670 
5 0.350 0.600 
Mean 0.345 0.632 

* No. of colonies of parent strain or mutants tested in each trial = 50. 

ac t iv i ty  of the  colonies was es tabl ished (table la).  Out  
of 50 colonies of the  p a r e n t  culture,  45 wi th  0-4 m m  clear- 
ance zones showed poor  pro teo ly t ic  ac t iv i ty .  A similar 
t r end  was observed  in case of 5-7 ram. However ,  clear- 
ance zones of 8-10 m m  exhib i ted  h igher  p ro teo ly t ic  
ac t iv i ty .  The analysis  of var iance  d a t a  (table lb) in 
regard to the  p ro teo ly t ic  ac t iv i ty  of 3 types  of colonies 
selected on the  basis of d iamete r  of c learance zones 
showed the  significance of F-ra t io  be tween  the  types.  
The re la t ionship  of p ro teo ly t ic  ac t iv i ty  wi th  the  zonal 
d iamete r  was t e s t ed  in a 3 • 3 con t igency  table,  and it 
was observed  t h a t  the  pro teo ly t ic  ac t iv i ty  is h ighly  
associa ted wi th  the  d i ame te r  of the  zone in m m  

(Z ~ = 39.49; p < 0.05). 

A l inear regression of ty ros ine  l ibera ted  wi th  c learance 
zone was f i t t ed  as 

(Y = 0.1322 + 0:0192 X) ()p2 = 75.87%), 
where Y = mg of tyrosine liberated/g, 
X = clearance zone (mm). 

The above  equa t ion  is p re sen ted  in figure 1. The correla- 
t ion betWeen tyros ine  l ibera ted  and clearance zone was 
0.871 (p < 0.01). 
The X - r a y  i r rad ia t ion  survival  curve  of L. casei (RTS) 
is i l lus t ra ted  in figure 2. An X - r a y  dose of 18,000 R gave 
less t h a n  1.0% survival  and m u t a n t s  (only those  wi th  
more  t h a n  10 m m  clearance zone) were isolated f rom 
such pet r i  dishes. 100 isolates f rom each of the  5 tr ials  
exh ib i ted  an appreciable  increase in pro teoly t ic  ac t iv i ty  
in milk (table 2) as co mp a red  to the  un i r rad ia ted  p a r e n t  
culture.  These  m u t a n t s  re ta ined  the i r  a l tered charac te r -  
istics even a f te r  several  subcul tures .  These resul ts  on 
enhanced  proteolys is  are  comparab le  to earlier observa-  
t ions  of Di l anyan  et  al. 3-5, who d e m o n s t r a t e d  increased 
pro teo ly t ic  ac t iv i ty  of X - r a y  m u t a n t s  of lactic acid 
bacter ia .  

3 Z. Kh. Dilanyan, R. K. Arutyunyan, K. Markarian and A. A. 
Akopyan, Biol. Zh. Arm. 22, 29 (1969). 

4 Z. Kh. Dilanyan, K. Markarian and R. Sarkisyan, XVIII Int. 
Dairy Cong. IE, 122 (1970). 

5 Z. Kh. Dilanyan, K. Markarian, T. Ioanisyan, R. Sarkisyan and 
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The peritoneal fluid cytology of adult female dogs 

R. H. Davis,  B. E. Meyers,  D. K. Moonka,  R. H. Melincoff and H. A. P l a t t  

Pennsylvania College o/Podiatric Medicine, Department of Physiological Sciences, Eighth at Race Street, 
Philadelphia (Pa J9J07, USA),  20 June 7977 

Summary. The pe rcen t  d i s t r ibu t ion  of per i tonea l  fluid cellular co n t en t  of adul t  female dogs was recorded and  found 
to be dissimilar  to all o the r  species examined ,  especial ly in regard to mesothel ia l  cell, po lymorphonuc lea r  leukocyte  
and l y m p h o c y t e  p ropor t ions .  

Per i tonea l  fluid cytologic specimens  ob ta ined  f rom dif- 
fe rent  m a m m a l i a n  species provide  basic da t a  to s t u d y  
the  cellular response  of serous abdomina l  fluid in hea l th  
and  disease. In  no rma l  women,  pelvic per i tonea l  fluid 
m a y  be considered a func t ion  of cell renewal  and degenera-  
t ion  whose  ba lance  changes  in pa thologica l  condi t ions  
so t h a t  cul-de-sac cytologic aspi ra t ions  m a y  be used to 
de t ec t  ear ly  ovar ian  cancer l ,  L Per i tonea l  fluid also 
provides  a useful tool for s tudy ing  in f l ammat ion  8,4, 
endocr ine  factors  5,6, es t rous  and mens t rua l  cycles 7 and 
pregnancyS,  9. The effect  of h u m a n  p regnancy  on peri-  
tonea l  fluid cy to logy  was found to be qui te  s imilar  to 
t h a t  observed  in mice.  In  t he  p re sen t  s tudy ,  we ana lyzed  
the  pe rcen t  d i s t r ibu t ion  of per i tonea l  fluid in adul t  
female dogs to ex t end  our  species knowledge of per i toneal  
fluid as well as to  de t e rmine  how the  cellular count  
compared  wi th  w o m e n  and  o ther  species so t h a t  we 
migh t  consider  th is  an imal  as a fu ture  model  for ex- 
pe r imen t s  involving per i tonea l  fluid cytology.  
23 adu l t  female  mongre l  dogs (3-4 years,  9.9 :k 0.2 kg) 
in good hea l th  and nu t r i t ion  wi th  n o r m a l  hea r t  rates,  
b lood pressure  and e lec t rocard iogram readings  were used. 

The animals  were t ranqui l ized  wi th  0.5 ml  acepromazine  
malea te  admin i s t e red  i.m. A cytologic specimen was 
then  asp i ra ted  th rough  the  ven t ra l  side of the  manua l ly  
res t ra ined,  p rone  animal  using a tubercul in  (1.0 ml) 
syringe wi th  a 23 gauge needle. The aspi ra ted  specimen 
was placed on an a lbumin  coated slide and s ta ined by  
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