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U n t i l  a b o u t  25 y e a r s  a g o ,  t h e  p r i m a r y  i n t e r e s t  i n  s e l e n i u m  
r e s u l t e d  f r o m  i t s  t o x l c  e f f e c t s  i n  a n i m a l s  a f t e r  i n g e s t l n g  
s e l e n i f e r o u s  p l a n t s  ( W h a n g e r  1 9 8 3 ) .  R e c e n t l y ,  a t t e n t i o n  bas  
s h i f t e d  to  the  p o t e n t i a l  p r o t e c t i v e  a c t i v i t y  of  s e l e n i u m  a g a l n s t  
heavy  m e t a l  t o x i c l t y ,  c a n c e r  and o t h e r  h e a l t h  d i s o r d e r s  (Reddy and 
Massaro  1983) .  C u r r e n t l y ,  c i g a r e t t e  smoke a f f e c t s  t h e  h e a l t h  of  
more  p e o p l e  t h a n  a n y  o t h e r  e n v i r o n m e n t a l  p o l l u t a n t  (Chor tyk  and 
S c h l o t z h a u e r  1984) .  P r o d u c i n g  c i g a r e t t e s  f o r t i f i e d  w i t h  s e l e n i u m  
b a s  b e e n  p r o p o s e d  as a p o s s i b l e  method  to  d e v e l o p  a s a f e r  t o b a c e o  
p r o d u e t  (Chor tyk  and S e h l o t z h a u e r  1984) .  

P l a n n i n g  p r o d u c t  m o d i f i c a t i o n s  t h a t  wi11 r educe  the  h e a l t h  h a z a r d s  
of  c i g a r e t t e  smok�8 r e q u i r e s  b i o a s s a y s  to  a s s e s s  t h e  e f f e c t s  o f  
s u c h  m o d i f � 8 2 3 8  C o n s e q u e n t l y ,  i t  w o n l d  be  i n f o r m a t i v e  to  
d e t e r m l n e  i f  t he  p r e s e n c e  of  s e l e n i u m  i n  c i g a r e t t e  smoke l e a d s  t o  
i n c r e a s e d  o r  d e r  t o x i c i t y .  L u m i n e s c e n t  a s s a y s  bave  been  
d e v e l o p e d  f o r  a w i d e  v a r i e t y  o f  a p p l i c a t i o n s  r a n s i n  8 f r o m  
m e a s u r l n g  enzyme a c t i v i t i e s  t o  m o n i t o r � 8  w a t e r  p u r i t y  (Shimomura 
1983) .  The pu rpose  of  t h i s  s t u d y  was  t o  e v a l u a t e  t h e  e f f e c t  o f  
s e l e n i u m  on t h e  t o x i c i t y  o f  c i g a r e t t e  smoke c o n d e n s a t e  u s i n g  i n  
v i v o  b a c t e r i a l  b i o l u m i n e s c e n c e  a s s a y s  (Yates  1985a ) .  

MATERIALS AND METHODS 

S e l e n i u m  (Se)  was t e s t e d  i n  the  form o f  sodium s e l e n l t e  (Na2Se03, 
A l d r l e h  Chemieal  Company) and c o n c e n t r a t i o n s  d e s r  r e f e r  t o  
t h a t  o f  Se a n d  h o t  t o  Na2SeO 3.  C i g a r e t t e  smoke e o n d e n s a t e  (CSC) 
was  p r e p a r e d  u n d e r  s t a n d a r d  F e d e r a l  T r a d e  C o m m i s s i o n  s m o k i n g  
m a c h i n e  c o n d i t i o n s  ( C h o r t y k  and S c h l o t z b a u e r  1984) .  Na2Se03 was 
s o l u b i l i z e d  i n  2% NaC1 ( d i l u e n t ,  Beckman  I n s t r u m e n t s ,  I n c . )  a nd  
CSC, i n  d l m e t h y l  s u l f o x i d e  ( F i s h e r  S c i e n t i f i e  Company). 

Two s t r a i n s  o f  t h e  b a c t e r i u m ,  P h o t o b a c t e r i u m  phosphoreum,  were 
u s e d  i n  t h e  e x p e r i m e n t s .  0ne  o f  t h e  s t r a i n s  was a da rk  m u t a n t  
i s o l a t e d  a f t e r  t r e a t m e n t  o f  w i l d  t ype  P .  phosphoreum NCMB 844 w i t h  
N - m e t h y l - N ' - n i t r o - N - n i t r o s o g u a n i d i n e  a nd  d e s i g n a t e d  K57 (Yates  
1 9 8 5 a ) .  C u l t u r e s  o f  K57,  s t o r e d  a t  - 8 0 o c ,  we re  s t r e a k e d  o n t o  
P e t r i  d i s h e s  e o n t a i n i n g  s o l i d  a r t i f i e i a l  sea w a t e r  (ASW) me d i um.  
S o l i d  ASW m e d i n m  w a s  c o m p o s e d  o f  ( g / l )  NaC1, 3 0 ;  Na2HPO 4 ,  
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2 . 5 ;  KH2PO4, 2 . 1 ;  (IqH4)2HPO 4, 0 .5 ;  M8SO4�87 0 .1 ;  a 8 a r ,  10 and  
8 1 y c e r o l ,  3 . 0  m l / 1 .  A f t e r  48 h ,  c o l o n i e s  w e r e  s n s p e n d e d  t o  a 
c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  2 . 0  X 105 c e l l s / m l  o f  l i q u i d  ASW. 
L i q u i d  med ium was  p r e p a r e d  t h e  same as  s o l i d  b u t  w i t h o u t  a 8 a r .  
The o t h e r  s t r a i n � 8 7  P .  phosphoreum RRRL B-11177 ,  was b i o l u m i n e s c e n t  
a n d  o b t a i n e d  i n  t h e  f r e e z e - d r i e d  c o n d i t i o n  f r o m  B e c k m a n  
I n s t r u m e n t s ,  I n c .  I m m e d i a t e l y  p r i o r  t o  t e s t i n s ,  t h e  
b i o l u m i n e s c e n t  s t r a i n  was r e c o n s t • t u t e d  w i t h  u l t r a - p u r e  w a t e r .  

The b i o a s s a y  s y s t e m s  u s e d  t o  s t u d y  t h e  e f f e c t s  o f  Se on  CSC 
t o x i c i t y  were  o f  two t y p e s :  t e s t i n g  w i t h  t h e  d a r k  m u t a n t  K57 was 
d e s i g n a t e d  l o n g - t e r m  a n a l y s i s  r e q u i r i n 8  an a s s a y  t i m e  o f  20 h ,  
w h i l e  t e s t i n 8  w i t h  t h e  b i o l u m i n e s c e n t  s t r a i n  was r e f e r r e d  to  as 
s h o r t - t e r m  a n a l y s i s  r e q u i r i n g  an a s s a y  r ime o f  20 min.  

The  p r o c e d u r e  f o r  t h e  l o n g - t e r m  a n a l y s i s  was s i m i l a r  t o  t h a t  
d e s c r i b e d  p r e v i o u s l y  ( Y a t e s  1 9 8 5 a ) .  B r i e f l y ,  CSC i n  d i m e t h y l  
s u l f o x i d e  was d i l u t e d  i n  l i q u i d  ASW medium so t h a t  when 1 . 0  ml was 
added t o  a 1 . 0  ml s u s p e n s i o n  o f  K57 c e l l s  i n  s t e r i l e  7 - m l  8 1 a s s  
s c i n t i l l a t i o n  v i a l s ,  t h e  f i n a l  c o n c e n t r a t i o n s  o f  CSC were  2 . 0 3 ,  
4 . 0 5 ,  8 . 1 ,  1 6 . 2  a n d  3 2 . 4  ~ g / m l .  The  r e v e r s i o n  r a t e  t o  an  
e x p r e s s i o n  o f  b i o l u m i n e s c e n c e  was d e t e r m i n e d  w i t h  a P a c k a r d  
T r i - c a r b  460  CD l i q u i d  s c i n t i l l a t i o n  s y s t e m  o p e r a t i n g  i n  t h e  
t r i t i u m  c o u n t i n g  mode .  The r e s u l t s  a r e  r e p o r t e d  as c o u n t s  p e r  
m i n u t e  ( c p m ) .  As d e s c r i b e d  p r e v i o u s l y ,  t h e  c r i t e r i a  f o r  
d e t e r m i n i n 8  m u t a g e n i c i t y  i n c l u d e d  an i n c r e a s e  i n  p r o t o n  e m i s s i o n s  
i n  t r e a t e d  s amp le s  a t  l e a s t  1 h p r i o r  t o  c o n t r o l  s a m p l e s  and  t h i s  
a c t i v i t y  must  be m a i n t a i n e d  above  c o n t r o l  l e v e l s  f o r  a t  l e a s t  4 h.  
T h e  e f f e c t s  o f  CSC a n d  Se a l o n e  a n d  i n  c o m b i n a t i o n  w e r e  
d e t e r m i n e d .  The c o n c e n t r a t i o n s  o f  Se added t o  CSC samples  was 0 . 4  
n g / m l  and  5 ~ g / m l .  The c o n c e n t r a t i o n  r a t i o  o f  0 . 4  ng Se t o  32 .4  
~g CSC/ml  ASW medium r e p r e s e n t s  t h e  a p p r o x i m a t e  S e : C S C  r a t i o  
p r e s e n t  i n  CSC from t o b a c c o  h i g h l y  f o r t i f i e d  w i t h  Se.  

I n  t he  s h o r t - t e r m  a n a l y s i s ,  l i 8 h t  m e a s u r e m e n t s  w e r e  made w t t h  a 
M i c r o t o x  A n a l y z e r  TM ( B e e k m a n  I n s t r u m e n t s ,  I n c . )  u s i n 8  a 5 - s t e p  
d i l u t i o n  s e r i e s  o f  CSC i n  2% NaC1 ( d i l u e n t ,  B e c k m a n  I n s t r u m e n t s ,  
I n c . ) .  The d i l u t i o n s  f o r  CSC w e r e  c h o s e n  so  t h a t  t h e  h i g h e s t  
c o n c e n t r a t i o n  r e s u l t e d  i n  a p p r o x i m a t e l y  90% r e d u c t i o n  o f  
b i o l u m i n e s c e n c e ,  w h i l e  t h e  l o w e s t  c o n c e n t r a t i o n  p r o d u c e d  a 10% 
r e d u c t i o n  o f  b i o l u m i n e s c e n c e .  S u b s e q u e n t l y ,  t h e  d i l u t i o n  s e r i e s  
f o r  CSC was e s t a b l i s h e d  i n  d i l u e n t  c o n t a i n i n g  Se .  The t o x i c i t y  o f  
CSC ( w i t h  and w i t h o u t  Se)  was  a s s a y e d  a t  0 ,  4 and  24 h .  The  
s e r i a l  CSC d i l u t i o n s  were  m a i n t a i n e d  a t  room t e m p e r a t u r e  u n t i l  15 
m i n  p r i o r  t o  a s s a y  a t  wh ich  t i m e  t h e y  were  c o o l e d  t o  15oc  and 0 .5  
ml added t o  0 .5  ml o f  f r e s h l y  r e c o n s t i t u t e d  b a c t e r i a l  s u s p e n s i o n .  
L i s h t  m e a s u r e m e n t s  w e r e  made a t  5 ,  10 ,  15 and  20 m i n  a f t e r  
a d d i t i o n  o f  CSC t e s t  s a m p l e  t o  t h e  b a c t e r i a l  s u s p e n s i o n .  
T h e r e f o r e ,  two d i f f e r e n t  r ime  f a c t o r s  were  i n v e s t i 8 a t e d  i n  t h e s e  
e x p e r i m e n t s :  1) t h e  e f f e c t s  o f  i n c u b a t i n 8  t h e  s e r i a l  d i l u t i o n s  
f o r  0 ,  4 and  24 h b e l o t e  a d d i t i o n  t o  b a c t e r i a l  s u s p e n s i o n  t o  
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d e t e r m i n e  the  k i n e t i c s  o f  t h e  i n t e r a c t i o n  o f  Se and CSC, r e f e r r e d  
t o  as c h e m i c a l  i n c u b a t i o n ,  and 2) t he  e f f e c t s  o f  t e s t  sample  a f t e r  
a d d i t i o n  t o  b a c t e r i a l  s u s p e n s i o n  s t  5 ,  10 ,  15 a n d  20 m i n  t o  
d e t e r m i n e  t h e  k i n e t i c s  o f  t he  b a c t e r i a l  r e a c t i o n ,  r e f e r r e d  t o  as 
r e s p o n s e  t i m e .  I n  a n o t h e r  s e r i e s  o f  e x p e r i m e n t s ,  t h e  b a c t e r i a  
w e r e  i n c u b a t e d  w i t h  S e - c o n t a i n l n g  d i l u e n t  f o r  I h p r i o r  t o  t he  
a d d i t i o n  o f  CSC. T h i s  was r e f e r r e d  to  as  b a c t e r i a l  i n c u b a t i o n  and 
was u s e d  t o  d e t e r m l n e  w h e t h e r  p r i o r  e x p o s u r e  o f  b a c t e r i a  t o  Se 
c o u l d  have  a p r o t e c t i v e  a c t i o n  when  t h e  c e l l s  w e r e  t r e a t e d  w i t h  
CSC. 

D a t a  r e d u c t i o n  f r o m  t h e  s h o r t - t e r m  a n a l y s i s  was a c c o m p l i s h e d  by 
c a l c u l a t i n g  gamma ( t h e  r a t i o  o f  l i g h t  l o s t  to  t h e  l i g h t  r e m a i n i n g ,  
J o h n s o n  e t  a l .  1974)  by  u s i n g  a c o r r e c t i o n  f a c t o r  t o  accomoda te  
t h e  normal  change  o f  l i g h t  by the  b a c t e r i a  w i t h o u t  added t o x i c a n t .  
The  c o r r e c t i o n  f a c t o r  was  d e t e r m i n e d  by  d i v i d i n g  t h e  d i l u e n t  
c o n t r o l  b l a n k  r e a d i n g  a t  t he  t i m e  p o i n t  a n a l y z e d  ( i . e . ,  5 ,  1 0 ,  15 
o r  20 m i n )  by  t h e  z e r o  t i m e  r e a d i n g .  I n  s a m p l e s  w i t h  Se ,  t he  
d i l u e n t  c o n t r o l  a l s o  c o n t a i n e d  Se s t  t h e  same c o n c e n t r a t i o n  as  i n  
t h e  s a m p l e s .  The gammas f o r  e a c h  sample  c o n c e n t r a t i o n  a t  a g i v e n  
t i m e  p o i n t  w e r e  s u b j e c t e d  t o  p o w e r  c u r v e  a n a l y s e s  w i t h  t h e  
a l g o r i t h m s  d e v e l o p e d  by H e w l e t t - P a c k a r d  f o r  t he  HP41-C c a l c u l a t o r .  
The  p o w e r  c u r v e  was  u s e d  t o  d e r i v e  t h e  c o n c e n t r a t i o n  o f  t e s t  
s a m p l e s  i n  m i c r o g r a m s  p e r  m i l l i t e r  c a u s i n g  50~ l i g h t  r e d u c t i o n  
(EC50).  The v a l u e s  r e p o r t e d  r e p r e s e n t  t h e  mean o f  a t  l e a s t  t h r e e  
s e p a r a t e  e x p e r i m e n t s .  S i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  ECS0 v a l u e s  
f o c  d i f f e r e n t  i n c u b a t i o n s  r i m e s  f o c  CSC s o l u t i o n s ,  w i t h  a n d  
w i t h o u t  S e ,  w e r e  d e t e r m i n e d  by  a n a l y s i s  o f  v a r i a n c e  f o l l o w e d  by 
D u n c a n ' s  M u l t i p l e  Range T e s t  (Klugh 1 9 7 0 ) .  

RESULTS AND DISCUSSION 

CSC d i d  n o t  s t i m u l a t e  b i o l u m i n e s c e n c e  above  c o n t r o l  l e v e l s  d u r i n g  
any t ime  p e r i o d  i n  m u t a n t  K57 ( F i g .  l a ) .  CSC d o e s  h o t  c o n t a l n  
m u t a g e n i c  a g e n t s  ( o r  a t  l e a s t  s u f f i c l e n t  q u a n t i t i e s  o f  t h e s e  
a g e n t s )  w i t h  a mode o f  a c t i o n  s i m i l a r  t o  p r e v i o u s l y  c h a r a c t e r i z e d  
c o m p o u n d s .  The P .  p h o s p h o r e u m  mutan t  K57 u s e d  i n  t h e  l o n g - t e r m  
a n a l y s i s  o f  CSC and Se b a s  b e e n  e x t e n s i v e l y  c h a r a c t e r i z e d  w i t h  
r e g a r d  t o  t h e  e f f e c t s  o f  s e v e r a l  t y p e s  o f  m u t a g e n i c  a g e n t s  on t h e  
e x p r e s s i o n  o f  b i o l u m i n e s c e n c e  ( Y a t e s  1 9 8 5 a ,  Y a t e s  1 9 8 5 b ) .  
Compounds wh ich  b i n d  c o v a l e n t l y  t o  the  g u a n i n e  s i t e s  i n  DNA, s u c h  
a s  m i t o m y c i n  C a n d  a f l a t o x i n  B 1 ,  a r e  a b l e  t o  r e p a i r  t h e  
b i o l u m i n e s c e n t  f u n c t i o n  so  t h a t  p h o t o n  e m i s s i o n s  o f  t r e a t e d  
b a c t e r i a  a r e  I X 103 above  c o n t r o l  l e v e l s  a f t e r  a 10 h e x p o s u r e .  
I n  a d d i t i o n  e t h i d l u m  b r o m i d e ,  a DNA i n t e r c a l a t i n g  a g e n t ,  
s t i m u l a t e s  b i o l u m i n e s c e n c e  a b o v e  c o n t r o l  l e v e l s  a f t e r  12 h 
e x p o s u r e .  Hsnnan e t  a l .  (1980) p r o p o s e d  f rom work w i t h  s t r a i n s  o f  
r e p a i r  d e f i c i e n t  y e s s t  t h a t  t h e  e s  o f  t o b s c c o  smoke 
c o n d e n s a t e  on DNA r e p a i r  was  h o t  s p e c i f i c  t o  any  p a r t i c u l a r  
p a t h w a y ,  b u t  an  e f f e c t  on a l l  r e p a i r  p r o c e s s e s .  C o n s e q u e n t l y ,  a 
m u t a n t ,  such as K57, w i t h  s p e c i f i c i t y  f o c  compounds r e a c t i n g  w i t h  
g u a n i n e  s i t e s  i s  e v i d e n t l y  t o o  r e s t r i ™  i n  i t s  r e s p o n s e  t o  
d e t e c t  m u t a g e n i c  c o n s t i t u e n t s  w l t h  m u l t i p l e  modes o f  a c t i o n .  
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F i g u r e  I .  K i n e t l c s  o f  p h o t o n  e m i s s � 8  f rom d a r k  m u t a n t  K57 c e l l s  
f o l l o w i n g  t r e a t m e n t  w l t h  (a)  CSC (b) Se (c)  CSC c o n t a i n i n g  0 . 4  ng 
S e / m l .  The  c o n c e n t r a t i o n s  o f  CSC and  Se a r e  i n d i c a t e d  on t h e  
f i g u r e s .  

The l a c k  o f  d e t e c t a b l e  m u t a g e n i c  a c t i v i t y  o f  CSC i n  t h e  o u t r e n t  
s t u d y  w i t h  P h o t o b a c t e r i u m  p h o s p h o r e u m  c o u l d  be  r e l a t e d  t o  t h e  
e x p e r i m e n t a l  d e s i g n  i n  t h a t  no e x o g e n o u s  m e t a b o l i c  a c t l v a t i o n  
s y s t e m  was u sed .  V a r i o u s  s t u d i e s  have  shown CSC t o b e  m u t a g e n i c  
i n  S a l m o n e l l a  ( D e M a r i n i  1981a,  K i e r  e t  a l .  1974�87 M i z u s a k i  e t  a l .  
1 9 7 7 ,  S a t o  e t  a l .  1 9 7 7 ) � 8 7  N e u r o s p o r a  ( D e M a r i n i  1 9 8 1 b ) � 8 7  y e a s t  
( H a n n a n  e t  a l .  1980 )  and m a m m a l i a n  c e l l s  ( C l i v e  e t  a l .  1979) i n  
t h e  p r e s e n c e  o f  a m e t a b o l i c  a c t i v a t � 8  s y s t e m .  However  p r e v i o u s  
s t u d i e s  w l t h  P. p h o s p h o r e u =  ( Y a t e s  1985a,  Y a t e s  1985b) and r e l a t e d  
s p e c i e s  ( U l i t z e r  e t  a l .  1980,  Sche r  and Wecher 1982) i n d i e a t e  t h a t  
t h l s  g roup  o f  b a c t e r i a  a r e  c a p a b l e  o f  d e m o n s t r a t i n g  m u t a g e n i c  
a c t i v l t y  o f  c e r t a i n  a g e n t s ,  s u c h  as  a s  BI �87  w i t h o u t  an  
e x o g e n o u s  m e t a b o l i c  a c t l v a t i o n  s y s t e m  as  r e q u i r e d  w i t h  o t h e r  
b i o a s s a y s .  The p r e s e n c e  o f  an endogenous  c y t o c h r o m e  P-450 s y s t e m  
i n  P h o t o b a c t e r i u m  ( I s m a i l o v  e t  a l .  1979) may be r e s p o n s i b l e  f o r  
t h i s  f u n c t i o n .  

The e f f e c t  o f  CSC on t h e  b i o l u m i n e s c e n t  s y s t e l  o f  m u t a n t  K57 was 
t o  i n h i b i t  t he  1ow l e v e l  l u m l n e s c e n c e  c o m l o n l y  o b s e r v e d  i n  c o n t r o l  
s a = p l e s  a f t e r  1 2 - 1 4  h ( F i g .  l a ) .  With c o n c e n t r a t i o n s  � 8  
f r o m  2 . 0 3  t o  3 2 . 4  pg C S C / m l  ASW t h e r e  w a s  a d e c r e a s e  i n  
b i o l u m i n e s c e n c e .  T h i s  was  h o t  a r e s  o f  a d e c r e a s e d  ce11 
n u m b e r  a s  s a m p l e s  t r e a t e d  f o r  24 and 48 h w i t h  up t o  3 2 . 4  pg 
CSC/ml  ASW h a d  a p p r o x i m a t e l y  t he  same nu=ber  o f  c e l l s  as  c o n t r o l  
s a m p l e s .  T h e  i n h i b i t o r y  e f s  o f  CSC on m u t a n t  K57 b e c a m e  
a p p a r e n t  a t  14 h,  t h a t  i s  a p p r o x i m a t e l y  4 h a f t e r  p h o t o n  e m i s s i o n s  
b e g a n  t o  i n c r e a s e  I n  c o n t r o l  s a m p l e s .  T h e r e  was no e f f e c t  on 
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F i g u r e  2 .  Dose  r e s p o n s e  c u r v e s  f o r  CSC ( - - - )  and CSC c o n t a i n i n 8  
Se ( ) i n t e r p o l a t e d  f rom k i n e t i c  d a t a  ( F i g .  1) a t  (a)  14 h (b) 
16 H (c)  20 h.  

b i o l u m i n e s c e n c e  o f  b a c t e r i a  t r e a t e d  w i t h  l e s s  t h a n  2 .03  ~g CSC/ml 
ASW. The b a c t e r i a  d i d  h o t  ove rcome  t h e  CSC i n d u c e d  t o x i c i t y  f o r  
t h e  t i m e  p e r i o d  a n a l y z e d .  

P r i o r  t o  a n a l y z i n g  t h e  e f f e c t  o f  Se o r  CSC t o x i c i t y  � 8  m u t a n t  K57, 
Se was t e s t e d  s e p a r a t e l y  and shown t o  have  l i t t l e  o r  no e f f e c t  a t  
c o n c e n t r a t i o n s  up t o  5 ~ g / m l .  However ,  a t  I0  ~g/ml and above ,  Se 
i n h i b i t e d  b i o l u m i n e s c e n c e  ( F i g .  l b ) .  

S e l e n i u m  a t  0 . 4  ng /ml  o f  a s s a y  s o l u t i o n  was e f f e c t i v e  i n  r e d u c i n  8 
t h e  i n h � 8  e f f e c t  o f  CSC ( F i g .  i c ) .  The r e l i e f  i n  CSC 
t o x i c i t y  was mos t  e v i d e n t  a t  a p p r o x i m a t e l y  14 h d u r i n g  t h e  p h a s e  
o f  e x p o n e n t i a l  i n c r e a s e  i n  b i o l u m i n e s c e n c e  ( F i g .  2a)  a t  2 .03 �87  4 .05  
a n d  8 . 1  ~ g / m l  CSC. At  h i g h e r  c o n c e n t r a t i o n s ,  Se was n o t  as  
e f f e c t i v e  i n  r e d u c � 8  t h e  C S C - g e n e r a t e d  t o x i c i t y .  By 20 h ,  
b i o l u m i n e s c e n c e  i n  m o s t  s a m p l e s  a p p e a r e d  t o  b a v e  r e a c h e d  a 
s t a t i o n a r y  p h a s e  o f  a o t i v i t y  and the  e f f e c t  o f  Se was d i m i n i s h e d  
i n  c o m p a r i s o n  t o  t h a t  a t  14 and 16 h ( F i g .  2 ) .  CSC s a m p l e s  w e r e  
a l s o  t r e a t e d  a t  5 ~g Se /ml  ASW medium to  d e t e r m i n e  w h e t h e r  o r  no t  
h i g h e r  Se c o n c e n t r a t i o n s  c o u l d  f u r t h e r  r e l i e v e  the  CSC t o x i c i t y  
( d a t a  h o t  shown) .  However ,  s amp le s  o f  CSC w i t h  t h e  h i 8 h e r  l e v e l  
o f  Se d e m o n s t r a t e d  p r o f i l e s  s i m i l a r  t o  t h o s e  t r e a t e d  a t  t h e  0 . 4  ng 
Se l e v e l .  

The ECS0 v a l u e s  o b t a i n e d  f o r  CSC and CSC + Se a f t e r  0,  4 and 24 h 
c h e m i c a l  i n c u b a t i o n  as  a f u n c t i o n  o f  b a c t e r i a l  r e s p o n s e  r i m e  i n  
t h e  s h o r t - t e r m  a n a l y s i s  a r e  shown i n  T a b l e  1 .  S t a t i s t i c a l  
a n a l y s e s  o f  the  d a t a  d e m o n s t r a t e d  t h a t  a f t e r  24 h i n c u b a t i o n ,  t h e  
ECS0 v a l u e s  o b t a l n e d  f o r  CSC + Se were  s i g n i f i c a n t l y  h i g h e r  t h a n  
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T a b l e  1. ECS0 V a l u e s  f o r  CSC and CSC + Se 

Chemica l  
I n c u b a t i o n  

T r e a t m e n t  Time 5 min  

EC50 (p~ /ml )  a t  B a c t e r i a l  
Response  Time o f :  .... 

10 min 15 min 20 min  

CSC 0 2 .73  ab 2 . 2 4  a 2 . 2 5  a 2 . 2 7  a 

CSC 4 2 . 5 9  ab 2 . 4 0  a 2 . 3 1  a 2 . 3 3  a 

CSC 24 2 . 8 8  b 2 . 5 8  a 2 . 4 4  a 2 . 4 6  a 

CSC + Se 0 2 . 3 8  a 2 .15  a 2 . 1 2  a 2 . 1 6  a 

CSC + Se 4 2 . 4 4 a b  2 .27  a 2 . 1 9  a 2 . 1 5  a 

CSC + Se 24 4 . 1 8 c  3 . 7 5  b 3 .57  b 3 . 5 7  b 

abCValues  i n  t h e  same column f o l l o w e d  by the  same s u p e r s c r i p t s  a r e  
n o t  s i 8 n i f i c a n t l y  d i f f e r e n t  ( P ) 0 . 0 1 ) .  

CSC a l o n e  o r  CSC + Se a t  t h e  o t h e r  c h e m i c a l  i n c u b a t i o n  t i m e s .  
T h i s  i n c r e a s e  i n  t he  EC30 v a l u e s  r e f l e c t s  a d e c r e a s e  i n  t o x i c i t y  
and i s  e v i d e n t  w h e t h e r  t h e  b a c t e r i a l  r e s p o n s e  was d e t e r m i n e d  a t  5�87 
10 ,  13 o r  20 m i n .  F o r  a n y  s i v e n  t r e a t m e n t ,  t h e  t o x i c i t y  
e x p r e s s i o n  a p p e a r s  t o  be g r e a t e r  a t  a b a c t e r i a l  r e s p o n s e  r ime  o f  
20 min t h a n  a t  5 min.  However ,  t h e  v a l u e s  o b t a i n e d  as  a f u n c t i o n  
o f  b a c t e r i a l  r e s p o n s e  t i m e  a r e  h o t  s t a t i s t i c a l l y  d i f f e r e n t  as  
d e t e r m i n e d  by a n a l y s i s  o f  v a r i a n c e  e x c e p t  i n  s am p le s  t r e a t e d  w i t h  
CSC i n c u b a t e d  f o r  24 h .  The  EC50 o f  2 . 8 8  pg CSC/ml a t  5 rein i s  
s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  a t  1 0 ,  15 o r  20 m i n .  
P r e i n c u b a t i o n  o f  t h e  b a c t e r i a  w i t h  Se  f o r  i h p r i o r  t o  t h e  
a d d i t i o n  o f  t he  CSC d i d  n o t  r e d u c e  t h e  t o x i c i t y  e x p r e s s i o n  o f  t h e  
CSC ( d a t a  n o t  shown) .  

The r e s u l t s  o f  t he  s h o r t - t e r m  a n a l y s i s  s u g s e s t  t h a t  t h e  mechan i sm 
by w h i c h  Se g e n e r a t e s  a r e l i e f  o f  CSC i n d u c e d  t o x i c i t y  i s  t o  r e a c t  
w i t h  t h e  c o n s t i t u e n t s  i n  t h e  CSC i t s e l f  and n o t  by s t i m u l a t i n s  a 
p r o t e c t i v e  m e c h a n i s m  i n  t h e  c e 1 1 .  I n  o r d e r  t o  d e m o n s t r a t e  
d e c r e a s e d  CSC t o x i c i t y  by Se,  i t  was n e c e s s a r y  t o  i n c u b a t e  t h e  CSC 
w i t h  Se f o r  24 h.  

B a c t e r i a l  b i o l u m i n e s c e n c e  bas  b e e n  shown to  be i n h i b i t e d  by h e a v y  
m e t a l s  ( B u l i c h  and I s e n b e r g  1981) and Se has  b e e n  shown t o  p r o v i d e  
p r o t e c t i o n  t o  v a r i o u s  b i o l o s i c a l  s y s t e m s  a 8 a i n s t  p o i s o n i n  8 by 
h e a v y  m e t a l s  ( R e d d y  and M a s s a r o  1 9 8 3 ) .  The  m e c h a n i s m  o f  t h i s  
d e t o x i f i c a t i o n  p r o c e s s  may o c c u r  by Se c o m p l e x i n  s t he  h e a v y  m e t a l s  
t o  fo rm i n s o l u b l e  s e l e n i d e s  r e n d e r i n g  t h e  m e t a l s  b i o l o g i c a l l y  
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u n a v a i l a b l e  (Harr  1978) .  Cho r tyk  and S c h l o t z h a u e r  (1984) p ropose  
t h a t  Se c o u l d  a i d  i w  d e t o x i f y i n g  c i g a r e t t e  s m o k e  b y  s u c h  a 
m e c h a n i s m ;  i . e . ,  c o m p l e x i n g  w i t h  t o x i c  t r a c e  m e t a l s  i n  t h i s  
e n v i r o n m e n t a l  c o n t a m i n a n t .  The d a t a  o b t a i n e d  w i t h  P h o t o b a c t e r i u m  
p h o s p h o r e u m w o u l d  i n d i c a t e  t h a t  the  mechanism of  d e t o x i f i c a t i o n  i s  
a t i m e - d e p e n d e n t  p r o c e s s .  The l a c k  of  a c t i v i t y  of  low l e v e l s  o f  
Se as  a f u n c t i o n  o f  b a c t e r i a l  i n c u b a t i o n  i n  t h e  s h o r t - t e r m  
a n a l y s i s  may r e l a t e  t o  t h e  u p t a k e  oz m e t a b o l i s m  of  Se.  C l a u s e n  
and Tranum ( 1 9 8 2 )  d e m o n s t r a t e d  t h a t  t h e  u p t a k e  o f  s e l e n i t e  by  
c u l t i v a t e d  l y m p h o c y t e s  was a s low p r o c e s s  t a k i n g  m o r e  t h a n  3 days 
to  a r r i v e  a t  e q u i l i b r i u m .  

T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  u t i l i z i n g  b a c t e r l a l  
b i o l u m i n e s c e n c e  t e c h n o l o g y  a re  c o n s i s t e n t  w i t h  the  h y p o t h e s i s  t h a t  
i n c r e a s e d  l e v e l s  o f  Se i n  f o r t i f i e d  t o b a c c o  c o u l d  s e r v e  t o  
p a r t i a l l y  d e t o x i f y  h a r m f u l  c o n s t i t u e n t s  i n  CSC. The l e v e l  o f  Se 
i n  t o b a c c o  grown i n  t he  U n i t e d  S t a t e s  i s  a b o u t  0 .04  ppm and i t  b a s  
b e e n  p r o p o s e d  t h a t  Se c o u l d  be i n c r e a s e d  to  5 ppm w i t h o u t  t h e  Se 
i t s e l f  b e c o m i n g  a h e a l t h  h a z a r d  (Chor tyk  and S c h l o t z h a u e r  1984) .  
The e x p e r i m e n t a l  l e v e l s  o f  Se d e s c r i b e d  i n  t h i s  s t u d y  w o u l d  n o t  
e l i c i t  e v e n  m a r g i n a l  d e l e t e r i o u s  e f f e c t s  i n  smokers .  However�87 
a d d i t i o n a l  ioE v l t r o  and  i n  v i v o  b i o a s s a y  s t u d i e s  a r e  needed  to  
t e s t  t h e  h y ™  t h a t  Se d o e s  i n  f a c t  bave  the  p o t e n t i a l  to  
r e d u c e  the  h a z a r d s  a s s o c i a t e d  w i t h  c i g a r e t t e  smoking .  

A c k n o w l e d g e m e n t s .  Names of  p r o d u c t s  a r e  i n c l u d e d  f o r  t he  b e n e f i t  
o f  t h e  r e a d e r  and  do n o t  i m p l y  e n d o r s e m e n t  o r  p r e f e r e n t i a l  
t r e a t m e n t  b y  USDA. The  a u t h o r s  w i s h  t o  t h a n k  D r s .  L. C. 
B l a n k e n s h i p � 8 7  O. R. B u n c e  and  R. T.  R i l e y  f o r  r e v i e w i n g  t h e  
m a n u s c r i p t  a n d  Ms. S. F.  Mewborn and 7.  D. B u r g e r  f o r  t y p i n g  the  
m a n u s c r i p t .  
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