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Act iva t ion  of N i s i n  P r o d u c t i o n  by  U V - I r r a d i a t i o n  in a N i s i n - P r o d u c i n g  Stra in  of Streptococcus 
l a c t i s  1 

Nisin  is an  a n t i b a c t e r i a l  subs tance ,  p roduced  b y  ce r t a in  
s t r a ins  of t he  c o m m o n  da i ry  organism,  Streptococcus 
lactis (MATTICK and  HIRSCH2). I t  is ex t ens ive ly  used for 
t he  p r e s e r v a t i o n  of processed cheese b y  p r e v e n t i n g  g r o w t h  
of clostr idia .  N i s in  is also k n o w n  to  lower t he  h e a t  t r ea t -  
m e n t  of va r ious  o the r  c a n n e d  da i ry  p r o d u c t s  (FOWLER 
and  MCCANNa). 

A l t h o u g h  some a t t e m p t s  h a v e  been  m a d e  ill r ecen t  
years  to  p roduce  m u t a n t s  of lact is  acid b a c t e r i a  for 
increased  acid and  f l avour  p r o d u c t i o n  (BANNIKOVA and  
PVATNITSYNA ~, GRINEVlCH 5, KUILA et  al.6), t h e r e  is 
p a u c i t y  of i n f o r m a t i o n  in r a g a r d  to  increase  in n is in  
p r o d u c t i o n  b y  m u t a t i o n  t echn iques  in lac t ic  s t reptococci ,  
excep t  for one r epo r t  (CslSZAR a n d  PULAYT). I n  t he  pre-  
sen t  s tudy ,  an  a t t e m p t  has  been  m a d e  to isola te  some h igh  
n i s in -p roduc ing  m u t a n t s  in  a s t r a in  of S. lactis b y  i r radia-  
t ion.  

Experimental procedures. Streptococcus lactis-6, a n is in-  
p roduc ing  s t r a i n  isola ted local ly  was used. Celia h a r v e s t e d  
f rom a 6-h-old b r o t h  cu l tu re  were w a h e d  a n d  suspended  in 
p h o s p h a t e  buf fe r  (pH 7.0, 0 .02M)  a n d  a d j u s t e d  to  an  
op t ica l  dens i t y  b e t w e e n  0.55 to  0.66, before  us ing  for 
i r r ad ia t ion .  

A Minera l igh t  s L a m p  w i t h  t w i n  4 - w a t t  germic ida l  t ubes  
a n d  bu i l t - in  f i l ter  to  give 95% of t he  o u t p u t  a t  2537 A 

10 0 

10-1 

10-~ 

10 --~ 
?_ 

10-4 

1 0 - 5  , , , i , r 

O' 1.8 3.6'5 ' .4 '7.2 9'.0 
UV-dose (ergs/mm2xlO 3) 

10,8 

Survival of Streptococcus lactis-6 with UV-irradiation. 

was used as t he  r a d i a t i o n  source. 20 ml  cell suspens ion  was 
used and  k e p t  s t i r red  w i t h  a m a g n e t i c  s t i r re r  du r ing  
i r rad ia t ion .  Dose r a t e  was  m e a s u r e d  w i t h  a UV-dose - ra t e  
m e t e r  (M/s U l t r a v i o l e t  P r o d u c t s  Inc. ,  California,  USA) .  

Af te r  p l a t i ng  con t ro l  a n d  e x p e r i m e n t a l  samples  on  
yeas t  dex t rose  agar,  a su rv iva l  cu rve  was p r e p a r e d  b y  
p l o t t i n g  t h e  log n u m b e r  of su rv ivo r s  aga ins t  UV-dose  
r a n g i n g  f rom 0-10,800 e r g s / m m  2. Su rv ivo r s  i so la ted  a t  
r a n d o m  f rom pe t r i  p l a t e s  showing  1 .0-0 .1% surv iva l ,  
were c o m p a r e d  w i t h  t he  n o n - i r r a d i a t e d  con t ro l  for va r ia -  
t ions  in  n is in  a n d  acid p roduc t ion .  

F o r  n i s in  p roduc t ion ,  isolates  were g rown in yeas t  
dex t rose  b r o t h  for 16 h a t  30~ a n d  n i s in  c o n t e n t  was 
d e t e r m i n e d  accord ing  to  t h e  p rocedure  of TRAMER and  
FOWLER 9. T i t r a t a b l e  ac id i ty  was e s t i m a t e d  in 8 h old 
cu l tu res  b y  t i t r a t i n g  a k n o w n  a l iquo t  of t h e  sample  
aga in s t  0 . 1N  NaOH.  

Results and discussion. The  u l t r av io l e t  su rv iva l  cu rve  of 
Streptococcus lactis-6 is i l l u s t r a t ed  in t he  Figure.  An  UV-  
dose of 9,000 e r g s / m m  ~ gave  less t h a n  1.0% su rv iva l  and  
m u t a n t s  were i so la ted  f rom such  pe t r ip la tes .  Def in i te  
increase  in n i s in  p r o d u c t i o n  to t he  e x t e n t  of 50 and  100% 
was e v i d e n t  a f te r  f i rs t  and  second t r e a t m e n t  w i t h  UV-  
i r rad ia t ion .  Af te r  t h i r d  t r e a t m e n t ,  a d o w n w a r d  t r e n d  in 
n i s in  p r o d u c t i o n  was not iced,  a l t h o u g h  t h e  r ange  in n is in  
p r o d u c t i o n  was m u c h  h ighe r  c o m p a r e d  w i t h  t he  non-  
i r r a d i a t e d  p a r e n t  cu l tu re  (Table).  CSlSZAR a n d  PULAY 7 
r epo r t ed  10 to 15 t i m e s  increase  in n is in  p r o d u c t i o n  b y  
U V - i r r a d i a t i o n  in a n i s in -p roduc ing  s t r a in  of Streptococcus 
lactis. The  differences  in degree of increase  in n is in  p roduc-  
t i on  in t he  2 s tud ies  m a y  p e r h a p s  be  due to i n h e r e n t  
differences  in  t he  n i s in -p roduc ing  ab i l i t y  of t he  2 cul tures .  
I t  is of i n t e r e s t  to  no te  t h a t  U V - i r r a d i a t i o n  h a d  no effect  
on acid p r o d u c t i o n  b y  t h e  cu l tu re  a f t e r  f i rs t  a n d  second 
exposures  to  UV- i r r ad i a t i on ,  a l t h o u g h  i t  s lowed down  
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Increase in nisin production in S. lactis-6 after exposure to UV-irradiation 

No. of exposure Survival (%) No. of survivors Nisin production ~ (Ru/ml) Titratable acidity (%) 
examined 

Untreated Parent Avg. 500 0.49 
Ist 0.17 18 Avg. 750 0.48 

Range 500-1000 0.48-0.49 
2nd 0.26 22 Avg. 1028 0.48 

Range 500-1500 0.45 0.50 
3rd 5.2 17 Avg. 639 0.42 

Range 375-1000 0.40-0.51 

Reading unit as defined by Mattick and Hirsch 2. 
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a f t e r  t h i r d  exposure  (Table).  BANNIKOVA a n d  PYATNIT- 
SYNA ~ r epo r t ed  a n  increase  in acid p r o d u c t i o n  b y  UV-  
i r r a d i a t i o n  in S. lactis, while  KIJILA e t  al. 6 obse rved  
decrease  in  ac id -p roduc ing  ab i l i t y  in  a s t r a i n  of S. 
diaeetilactis b y  t he  same  m e t h o d  of t r e a t m e n t .  T he  nis in-  
p r o d u c i n g  c h a r a c t e r  t h u s  appea r s  to  be  i n d e p e n d e n t  of 
ac id -p roduc ing  ab i l i t y  of t he  cul ture .  

Streptococcus lactis-6 e x h i b i t e d  a h i g h e r  p e r c e n t a g e  of 
su rv iva l  namely ,  5 .2% af te r  t h i r d  exposure  as aga ins t  
0.17 a n d  0.26% a f t e r  f i rs t  and  second exposures  respec- 
t ively ,  t h e r e b y  i n d i c a t i n g  d e v e l o p m e n t  of h i g h e r  pe rcen t -  
age of r e s i s t an t  p o p u l a t i o n  in t he  cu l tu re  a l t h o u g h  t he  
dosage was k e p t  cons t an t .  

Zusammenfassung. I so l i e rung  yon  M u t a n t e n  m i t  er- 
h 6 h t e r  N i s i n - P r o d u k t i o n  aus  e inem we i t e r en  Strepto- 
coccus lactis-6 S t a m m  d u r c h  U V - B e s t r a h l u n g  (9000 erg/  
mmP). Die P r o d n k t i o n  des A n t i b i o t i k u m s  n a h m  n a c h  der  
e r s t en  B e s t r a h l u n g  u m  50 %, n a c h  der  zwei ten  B e s t r a h i u n g  
u m  100% zu, w/ ih rend  n a c h  der  d r i t t e n  eine A b n a h m e  
b e o b a c h t e t  wurde .  

M. S. KALRA, R. K. KUILA a n d  
B. RANGANATttAN 

National Dairy Research institute, 
Dairy Bacteriology Division, Karnal (India), 
29 August 7972. 

Effects of d - A m p h e t a m i n e  upon  Open Field Behav iour  in T w o  inbred Stra ins  of Mice 

B A L B / c J  mice are r ega rded  as more  e m o t i o n a l  t h a n  
C57BL/10J  mice because  t h e y  defeca te  more  and  a m b u l a t e  
less in  t h e  open  field ~, 2. T h e y  also h a v e  a h ighe r  concen-  
t r a t i o n  of se ro ton in  and  n o r e p i n e p h r i n e  in b r a i n  s t em 
a n d  lower  c o n c e n t r a t i o n  of n o r e p i n e p h r i n e  in t he  h ippo-  
c a m p u s  a n d  t he  p y r i f o r m  cor tex  as c o m p a r e d  w i t h  
C57BL/10J  3-5. 

I n  order  to  e luc ida te  some of t he  r e l a t ionsh ips  be t ween  
these  differences  in  b r a i n  c h e m i s t r y  a n d  t he  b e h a v i o r a l  
dif ferences  of these  two s t r a in s  of mice  i t  would  be  of 
va lue  to  t e s t  t he  effects u p o n  b e h a v i o r  of a d rug  such  as 
a m p h e t a m i n e  t h a t  ac ts  u p o n  release a n d  u p t a k e  of 
b r a i n  m o n o a m i n e s  (c.f. COSTA and  GARATTINI 6). 

This  p a p e r  r epor t s  differences be t w een  B A L B / c J  a n d  
C57BL/10J  mice  in t he i r  response  to d - a m p h e t a m i n e  as 
m e a s u r e d  b y  t h e  open  field test .  

Methods. Male mice of t h e  s t r a ins  B A L B / c J  and  
C57BL/10J  were rece ived  f rom J acks on  L a b o r a t o r y  a t  
wean ing  age and  housed  5 to a cage for 3 to  4 weeks to 
acc l imate .  T r e a t m e n t  was  s t a r t e d  a t  t h e  age of 40 to  
50 days.  The  open  field used was a square  surface 24 X 24 
inch  s u r r o u n d e d  b y  wails  8 inch  h igh ;  the  wails  a n d  
floors are white ,  a n d  t he  floor is d iv ided  in to  36 squares  
b y  t h i n  lines. 12 B A L B / c J  and  14 C57BL/10J  mice  were 
g iven  a n  i.p. i n j ec t ion  of 5 m g / k g  of d - a m p h e t a m i n e  
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Ambulation in the open field of male BALB/eJ and C57BL/10J mice 
after an injection of d-amphetamine (5 mg/kg). Data are square roots 
of the numbers of squares crossed during 3 rain. Vertical bars rep- 
resent standard errors of the mean. BALB/cJ: amphetamine 0;  
saline 0. C57BL/10J: amphetamine A; saiine A. 

su l fa te  (ill 0.1 ml  0.9% NaC1). The  cont ro ls  (15 ]3ALB/cJ  
a n d  13 C57BL/10J)  rece ived  an  in j ec t ion  of t h e  same  
v o l u m e  of sal ine solut ion.  E a c h  a n i m a l  was  t e s t ed  
i nd iv idua l ly  15 ra in  a f te r  in jec t ion ;  mice were p laced  in to  
one corner  of the  open  field and  al lowed to  explore  i t  for 
3 rain,  a n d  t he  n u m b e r  of l ines crossed d u r i n g  t h a t  t i m e  
was recorded  as t h e  a m b u l a t i o n  score. The  open field 
was wiped clean w i t h  a wet  sponge and  p a p e r  towel  a f te r  
t e s t i ng  each  mouse.  All t es t s  were done  be tween  09.30 h 
and  12.30 h. Th i s  whole  p rocedure  was r epea t ed  da i ly  for 
each  mouse  on  each  of 7 consecu t ive  days.  A m b u l a t o r y  
a c t i v i t y  was expressed  as t he  square  roo t  of t he  n u m b e r  
of l ines crossed du r ing  a 3 ra in  period.  

Results. C57BL/10J  mice  a m b u l a t e d  more  t h a n  
B A L B / c J  mice on t he  f i rs t  4 days  (Figure),  in  a g r e e m e n t  
w i t h  resul t s  of o the r  authors~,  ~. The  di f ference was 
la rges t  on  day  .1 and  b e c a m e  g radua l l y  smal ler  u n t i l  
t he re  was no s ign i f ican t  di f ference in a m b u l a t i o n  be- 
tween  the  cont ro l s  of t he  2 s t r a ins  on days  5 to  7. Th i s  
was  due  to t he  fac t  t h a t  C57BL/10J  mice b e c a m e  h a b i t u -  
a t ed  to t h e  open  field and  explored  less a f t e r  t h e  f i rs t  d a y  
whi le  B A L B / c J  did  not .  

A m p h e t a m i n e  caused  a h igh ly  s ign i f ican t  increase  
(be tween 300 a n d  1000%) of a m b u l a t o r y  a c t i v i t y  of 
C57BL/10J  mice  w i t h  respec t  to  C57BL/10J  cont ro l s  on 
all  7 days  (p < 0.001); t he  r a t e  of l ocomot ion  r e m a i n e d  
c o n s t a n t  t h r o u g h o u t  t he  7 days  of t r e a t m e n t ,  and  the re  
was no sign of h a b i t u a t i o n  to  t h e  nove l  e n v i r o n m e n t .  
A m p h e t a m i n e  t r e a t e d  B A L B / c J  mice  did  no t  show 
grea te r  a m b u l a t o r y  a c t i v i t y  du r ing  days  1 to  4 t h a n  t h e i r  
controls ,  b u t  t he re  was a m o d e r a t e  increase  in t h e i r  
a m b u l a t i o n  (be tween 200 a n d  300%, p < 0.05) d u r i n g  
days  5, 6, and  7. 

Discussion. The  increase  in a m b u l a t i o n  i nduced  b y  
d - a m p h e t a m i n e  in  C57BL/10J  mice  seems to  ref lec t  
locomotor  h y p e r a c t i v i t y  r a t h e r  t h a n  a n  increase  in 
explora t ion ,  because  t he  an ima l s  were a b o u t  as hype rac -  
t ive  in  t h e i r  h o m e  cages as in  t h e  open  field a n d  because  
t he re  was no  d rop  in ac t iv i ty ,  no  h a b i t u a t i o n  to  t he  open  
field, t h r o u g h o u t  t he  seven  days  of tes t ing .  
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