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Organ  r e g e n e r a t i o n  of Alstroemeria was a t t e m p t e d  in 
va r ious  f loral  p a r t s  t h r o u g h  t i ssue  cu l tu re  b y  ZIv  et  al. 6. 
Callus or roo t  r egene ra t i on  was o b t a i n e d  f rom ovar ies  
la rger  t h a n  5 m m  in d i a m e t e r  a n d  b r a n c h e d  sect ions  of 
f lower pedicels,  b u t  no  b u d  d i f f e r en t i a t i on  occurred.  All  
o the r  p a r t s  of t h e  inf lorescence fai led to d i f fe ren t ia te .  
Bes t  cal lus d e v e l o p m e n t  was o b t a i n e d  on  t h e  cu t  surface  
of t h e  o v a r y  p l a n t e d  u p r i g h t  on  W h i t e  m e d i u m  con- 
t a i n i n g  2.0 p p m  k i n e t i n  a n d  NAA. 

Our  s t u d y  has  d e m o n s t r a t e d  t h e  poss ib i l i ty  of d i f feren-  
t i a t i o n  of bu lb le t - l ike  f o r m a t i o n s  a n d  roots  f rom t h e  o v a r y  
wal l  of Hyacinthus orientalis L., a n d  de ta i led  s tud ies  of 
t h e  r e g e n e r a t i o n  processes  of th i s  species are in  progress.  

Fig. 2. A 51-day-old, in. vitro grown ovary of hyacinth on the MS 
medium supplemented with 1 ppm of NAA and 10 ppm of BA: the 
formation of small bulblet-like formations from the ovary wall can 
be observed. 

6 M. Ziv, R. KONTEROVITZ and A. H. HALEVY, Scientia horticult. 1, 
271 (1973). 

Zusammen[assung. I so l ie r te  F r u c h t k n o t e n  y o n  Hya- 
cinthus orientalis L. auf  MURASItlGE u n d  SKOOG-MS- 
Nghr lSsung  ku l t iv ie r t ,  zeigen n a c h  Zugabe  y o n  P h y t o -  
h o r m o n e n  Ansg tze  zu Organd i f fe renz ie rungen .  

~V[. SANIEWSKI 

Department o/Ornamental Plants, Institute o/Pomology, 
96-100 Skierniewice (Poland), 22 October 7974. 

Inhib i t ion  of G r o w t h  and R e s p i r a t i o n  of Yeas t  (Saccharomyces carlsbergensis) by T o b a c c o  
S m o k e  C o n d e n s a t e  and i ts  Frac t ion  

E x t e n s i v e  e x p e r i m e n t a l  work  has  been  c o n d u c t e d  in 
order  to  deve lop  a q u a n t i f i a b l e  b ioas say  for the  e v a l u a t i o n  
of c iga re t t e  smoke  toxic i ty1 ,  =. The  va r ious  b ioas say  
p rocedures  t h a t  are be ing  used a t  p r e sen t  invo lve  l abor ious  
and  expens ive  m e t h o d s  w h i c h  a t  t i m e s  need to be  car r ied  
ou t  for a cons iderab le  t i m e  per iod  in order  to  o b t a i n  a n y  
m e a n i n g f u l  i n f o r m a t i o n  a. Since yeas t  cells are r e l a t ive ly  
easy  to  grow u n d e r  va r ious  condi t ions ,  we h a v e  ut i l ized 
these  cells to  d e t e r m i n e  t he  biological  t o x i c i t y  of t h e  
t obacco  smoke  c o n d e n s a t e  (TSC) a n d  t h e  w a t e r  so luble  
(WS) f r ac t ion  e x t r a c t e d  the re f rom.  This  r e p o r t  descr ibes  
i nves t i ga t i ons  c o n d u c t e d  to  d e t e r m i n e  t he  effect  of 
(TSC) a n d  i ts  (WS) f r ac t ion  on  t he  aerobic  g r o w t h  a n d  
the  r e sp i r a t i on  of i so la ted  yeas t  m i t o c h o n d r i a l  par t ic les .  

Materials and methods. All s tud ies  were car r ied  ou t  w i t h  
t he  yeas t ,  Saceharomyces carlsbergensis, grown ae rob ica l ly  
in a m e d i u m  c o n t a i n i n g  0.2% MgSO4, 7H20,  0 .6% 
(NH4)aPO 4, 0 .5% yeas t  e x t r a c t  a n d  t h e  g r o w t h  s u b s t r a t e  
(2% sod ium l ac t a t e  or 2% glucose), w i t h  t he  f ina l  p H  
a d j u s t e d  to  5.0 with. p h o s p h o r i c  acid.  

The  g r o w t h  s tud ies  were c o n d u c t e d  b y  growing  t h e  
o rgan i sm in 500 ml  t r ip le -baf f led  Bellco E r l e n m e y e r  f lasks 
c o n t a i n i n g  100 m l  of t he  g r o w t h  m e d i u m .  The  TSC or t h e  
W S  f rac t ion  was  i n c o r p o r a t e d  in to  t he  m e d i u m  to o b t a i n  
t he  desi red concen t r a t i on .  Af te r  18 to 24 h of g r o w t h  t h e  
ceils were h a r v e s t e d  b y  cen t r i fuga t ion ,  washed  once 
w i t h  cold dis t i l led  w a t e r  a n d  t he  g r o w t h  was  recorded  as 
d r y  weight .  

M i t o c h o n d r i a l  par t ic les  were p r e p a r e d  f rom yeas t  cells 
g rown in l a c t a t e  m e d i u m  for 18 h w i t h  v igorous  ae ra t ion .  
H a r v e s t e d  cells were washed ,  su spended  in a m e d i u m  
c o n t a i n i n g  0.25 M m a n n i t o l ,  0.02 M Tris HC1 (pH 7.5), 
0.0001 M E D T A ,  0.2% B S A  a n d  b r o k e n  in a Mini  
Colloid Mill (Gifford W o o d  Inc. ,  Hudson .  N.Y.).  Af te r  
r e m o v a l  of u n b r o k e n  ceils a n d  cell debr i s  a t  1 0 0 0 •  
(5 min),  m i t o c h o n d r i a l  par t ic les  were o b t a i n e d  b y  cent r i -  
fuging  t he  s u p e r n a t a n t  a t  20,000 •  (10 min) .  The  pe l le t  
t h u s  o b t a i n e d  was  w a s h e d  once a n d  c o n s t i t u t e d  t he  mi to -  
chondr i a l  p r e p a r a t i o n .  R e s p i r a t i o n  of cells a n d  t h e  mi to -  
condr ia l  pa r t i c les  was  m e a s u r e d  po l a rog raph i ca l l y  w i t h  a 

C la rk - type  oxygen  e lec t rode  an d  a Y S I  oxygen  m o n i t o r  
(Yellow Springs,  Ohio).  T h e  p ro t e ins  were d e t e r m i n e d  b y  
b i u r e t  react ion.  

T h e  TSC a n d  i ts  W S  f rac t ions  were p r e p a r e d  b y  t he  
core services fac i l i ty  of t h e  U n i v e r s i t y  of K e n t u c k y  
Tobacco  a n d  H e a l t h  Resea rch  I n s t i t u t e .  T h e  U.K.  
reference c igaret tes ,  (1R1) were m a i n t a i n e d  a t  60% 
re la t ive  h m n i d i t y  an d  24~ t e m p e r a t u r e .  Af te r  condi-  
t i o n i n g  for 24 h, t h e  c igare t tes  were s m o k e d  a t  a r a t e  of 
35 ml  puff  v o l u m e  for 2 sec/min.  W h o l e  smoke  was con- 
densed  b y  freezing in  glass t r a p s  m a i n t a i n e d  a t  - -60 to  
- -80~  w i t h  d ry  ice ace tone  ba th .  The  c o n d e n s a t e  so 
t r a p p e d  was suspended  in ace tone  b y  sonic v ib ra t ions .  
The  W S  f r ac t ion  was e x t r a c t e d  f rom TSC a f t e r  d r y i n g  in  
a w a t e r  b a t h  a t  35~ u n d e r  25"  Hg  v a c u u m ,  an d  t h e  
r e s u l t a n t  c o n d e n s a t e  was e x t r a c t e d  w i t h  w a t e r  a n d  
f i l tered to r e m o v e  t h e  w a t e r  inso luble  residue.  

Results. Aerobic  g r o w t h  of yeas t  on  l a c t a t e  m e d i u m  was 
i n h i b i t e d  b y  t h e  TSC as well  as t h e  W S  f rac t ions  (Table  I). 

1 E. L. WYNDER and D. HOFFMAN, Progr. exp. Tumor Res. 11, 162 
(1969). 

2 F. HOMBURG~, J. natn. Cancer Inst. 48, 1833 (1972). 
a/3. L. VAN DUUREN, Cancer Res. 28, 2357 (1968). 

Table I. Effect of tobacco smoke condensate (TSC) and the water 
soluble (WS) fraction extracted therefrom on the aerobic yeast 
growth on lactate 

Concentration 

(mg/ml of medium) 

Inhibition (%) of yeast growth by 

Tobacco smoke condensate WS fraction 

0.75 20.0 43.0 
1.0 31.0 80.0 
2.0 74.2 100.0 
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Table II. Effect of autoealving on the inhibitory properties of the 
WS fraction from tobacco smoke condensate 

Concentration of WS fraction Inhibition of 
in growth medium yeast growth 
(mg/ml) (%) 

0.75 (autoclaved) 40.0 
0.75 (non-autoclaved) 34.0 
1.0 (autoclaved) 80.0 
1.0 (non-autoclaved) 66.0 

The inhib i t ion  increased wi th  t he  increase in the  concent ra-  
t ion  of the  TSC or W S  fract ion ill the  g rowth  med ium.  
W h e n  lac ta te  was  replaced wi th  glucose as the  growth  
subs t r a t e  in t he  medium,  the  g rowth  of yeas t  r emained  
re la t ively  unaffec ted  by  W S  fract ion.  Since nicotine,  
phenols ,  and cyanide  are some of the  i m p o r t a n t  compo-  
nen t s  p resen t  in the  W S  fract ion;  the i r  indiv idual  effect  
on the  aerobic g rowth  of yeas t  was de te rmined .  Added  
nicot ine to t he  g rowth  m e d i u m  did no t  affect  the  aerobic 
yeas t  growth.  There  was, however ,  a 15-20~o inhib i t ion  
of g rowth  when  the  m e d i u m  conta ined  0.1 mg of phenol  
per  ml. Cyanide  a t  1.5 ~g/ml of med ium also caused a 
15-20~o inhib i t ion  of yeas t  g rowth  on lactate .  

Addi t ions  of W S  f rac t ion  to the  g rowth  m e d i u m  before 
au toc laving  s l ight ly  increased i ts  inh ib i to ry  p roper ty .  
Add i t ion  of the  f rac t ion  to  the  cooled m e d i u m  af ter  
au toc laving  p roduced  s l ight ly  less inhibi t ion of g rowth  
(Table II).  

Whole  cell resp i ra t ion  of yeas t  in i t ia ted  wi th  glucose, 
l ac ta te  or e thanol  was inhib i ted  s ignif icant ly  by  the  W S  
fraction.  A 20-75~ decrease of the  cellular respi ra t ion  
occurred in the  presence  of 50-200 ~g of d rywe igh t  wa te r  
soluble res idue/ml  of react ion mixture .  

Studies  w i th  isolated resp i ra tory  par t ic les  f rom yeas t  
also indica ted  a s t rong  inhib i t ion  of O 2 up take  when  
N A D H ,  succinate  and  ascorbate  served as the  oxidizable  
subs t ra tes .  A progress ive  increase in the  degree of 
inhib i t ion  occurred concomi t an t  w i th  the  increase in the  
concen t ra t ion  of the  "vVS fract ion (Table I I I ) .  

Discussion.  Yeas t  cells are versat i le  organisms and are 
capable  of g rowth  under  a va r i e ty  of condit ions.  In  
presence of glucose, yeas t  der ives its energy  for g rowth  
via glycolyt ic  pa thway ,  as is ev iden t  f rom enhanced  ra te  
of f e rmen ta t i on  4 and  higher  aldolase ac t iv i ty  5 in glucose- 
grown cells. I t  is known t h a t  glucose inhib i t s  the  respi-  
r a to ry  p a t h w a y  I via repress ion of the  associated ox ida t ive  
enzymes" -L  In contras t ,  dur ing  i ts  g rowth  on a non-  
f e rmen tab le  carbon and  energy source, the  resp i ra to ry  
enzymes  are derepressed 5, and the  energy r equ i r emen t s  
for g rowth  are genera ted  via  resp i ra t ion  4. Our s tudies  
showing inhib i t ion  of aerobic yeas t  g rowth  on lactate ,  a 
nonfe rmen tab le  g rowth  subs t ra te ,  b u t  no t  on glucose, 
would suggest  all adverse  affect  of tobacco  smoke conden-  
sate, especial ly the  W S  fract ion,  on resp i ra to ry  me tab -  
olism. Cer ta in  of the  suspected  cons t i tuen t s  of the  W S  
f rac t ion  (e.g. nicotine,  phenol) e i ther  did no t  affect  yeas t  
g rowth  on lac ta te  or p roduced  sl ight  inhibi t ion,  which  
could no t  account  for the  s t rong inhib i t ion  caused by  the  
W S  fract ion.  Thus,  nicot ine at  as much  as 25 t imes  grea ter  
concen t ra t ion  t h a n  presen t  in t he  W S  fract ion did no t  
affect  growth.  The con t r ibu t ion  of phenol  is also doubt fu l  
since only 15-20% inhib i t ion  of g rowth  occurred at  
100 tzg pheno l /ml  of medium.  I t  m a y  be po in ted  out  t h a t  a 
concen t ra t ion  of the  W S  fract ion (1 mg/ml)  which  pro-  
duced a lmos t  80~o inhib i t ion  of aerobic yeas t  g rowth  
con t r ibu ted  only  5 ~g of phenol  and  15 ~zg of n ico t ine /ml  
g rowth  medium.  In  addi t ion,  since b o t h  these  componen t s  
are re la t ively  volati le,  it  would be expec ted  t h a t  t h e y  are 
uns table  upon  autoclaving.  However ,  an increase in the  
degree of inhib i t ion  af ter  au toc lav ing  ind ica ted  otherwise  ; 
such observa t ions  suggest  the  presence  of o ther  const i t -  
uents  in the  W S  fract ion which  are p o t e n t  inh ib i tors  of 
aerobic yeas t  growth.  

a R. H. DEDEKEN, J. gen. Microbiol. 4d, 149 (1966). 
C. BECK and H. K. vo~ MEVERBERG, J. Baet. 96, 479 (1968). 

6 B. EUPHRUSSI, P. P. SLONIMSKI, Y. YOTSUYANAGI and J. TAV- 
LITSKI, Compt. r. Acad. Sci., Paris 26, 87 (1956). 

r E. S. POLAKIS and W. BARTLEY, Biochem. J. 97, 284 (1965). 
8 E. S. POLAKIS, W. BARTL~V and G. A. MAEK, Bioehem. J. 97, 298 

(1965). 
0 C. P. M. G6RTS and ANTONIE YON LEEUWENHOEK, J. Microbiol. 

Serol. 33, 451 (1967). 

Table III. Inhibition of respiratory activity of the yeast mitochondrial particles by the WS fraction a from TSC 

Substrate Concentration of (WS) fraction (~g/ml RM) b Respiration (nmoie Ol/min/mg protein) Inhibition (%) 

NADH (2 raM) 0.0 59.0 0.0 
6.0 53.0 10.0 

15.0 30.0 49.0 
30.0 25.0 59.0 
45.0 14.0 78.0 

Succinate (10 raM) 0.0 23.0 0.0 
6.0 21.0 10.0 

15.0 18.0 20.0 
30.0 16.0 30.0 
45.0 15.0 35.0 
60.0 10.0 55.0 

Ascorbate ~ (10 mM) 0.0 21.0 0.0 
50.0 11.0 50.0 

100.0 10.0 50.0 
150.0 9.0 68.0 

WS fraction was used within a week of its preparation, b Reaction mixture (RM) contained 0.65 M mannitol, 0.1 mM EDTA, 0.1 M phos- 
phate buffer (pH 6.5). ~ Aseorbate oxidation was recorded in the presence of added N.N.N.N.-tetramethyl-p-phenylene-diamine (TMPD) 
10 -5 M. 
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I n h i b i t i o n  of whole  cell r e sp i r a t i on  b y  tobacco  smoke  
f rac t ions  is in  a g r e e m e n t  wi th  o the r  r epo r t s  ~0, n.  Adverse  
effects of m i c r o g r a m  q u a n t i t i e s  of t obacco  smoke  frac- 
t ions  on  m i t o c h o n d r i a l  oxidases  sugges t  a n  i n t e r a c t i o n  
of tobacco  smoke  c o n s t i t u e n t s  w i t h  t he  m i t o c h o n d r i a l  
e lec t ron  t r a n s p o r t  cha in  c o m p o n e n t s  as well  as assoc ia ted  
enzymes .  C o m p l e x i t y  of s imi la r  i n t e r ac t i ons  of tobacco  
smoke  w i t h  pur i f ied  yeas t  a lcohol  dehyd rogenase  has  
been  reported1~, ~3. Recen t ly ,  f r ac t ions  h a v e  also been  
i so la ted  f rom tobacco  smoke  c o n d e n s a t e  wh ich  cause  
e n z y m a t i c  i n h i b i t i o n  b y  b i n d i n g  t he  essent ia l  me ta l s  ~*. 

Our  p r e l i m i n a r y  s tud ies  i nd i ca t e  t h a t  t he  W S  f r ac t i on  
f rom tobacco  smoke  c o n d e n s a t e  i nh ib i t s  yeas t  g r o w t h  b y  
in te r fe rence  w i t h  t he  r e s p i r a t o r y  m e t a b o l i s m  of t he  ceils. 
Since t he  t obacco  smoke  a n d  i ts  f rac t ions  h a v e  complex  
chemica l  composi t ion ,  t h e  m e c h a n i s m  of t h e i r  i n h i b i t o r y  
ac t ion  can  be b e t t e r  u n d e r s t o o d  only  w h e n  sub f r ac t i ona -  
t i on  a n d  i den t i f i c a t i on  of t he  c o n s t i t u e n t s  h a v e  been  
achieved .  

Zusammen/assung. Das aerob ische  W a c h s t u m  der  
Saccharomyces carlsbergensis wird  bei  A n w e s e n h e i t  des 
wasser16sl ichen T a b a k r a u c h k o n d e n s a t e s  im L a k t a t  N~thr- 
m e d i u m  s t a r k  g e h e m m t ,  obwohl  e i n e W a c h s t u m s h e m m u n g  
im G l u k o s e m e d i u m  n i c h t  s t a t t f i nde t .  M i k r o g r a m m e n g e n  

des K o n d e n s a t a n t e i l s  h e m m e n  die A t m u n g  i n t a k t e r  
Zel len sowie die jenige isol ier ter  M i t o c h o n d r i e n  der  Here.  

C. G A I R O L A  a n d  M .  I .  H .  ALE]~M lS 

T. H. Morgan School o/Biological Sciences, 
University o/Kentucky, Lexington (Kentucky 40506, USA ), 
29 October 1974. 

10 L. GROSSKINSKY a n d  E. STURMER, Z. ges. exp.  Med. 122, 167 
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1~ R. LANGE, Science 73d, 52 (1961). 
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la A c k n o w l e d g m e n t s .  This  s t u d y  was  ca r r i ed  ou t  u n d e r  c o n t r a c t  

No. 12-14-100-11005 (73) wi th  the  A g r i c u l t u r a l  Resea rch  Service,  
U.S.  D e p a r t m e n t  of Agr icu l tu re ,  a d m i n i s t e r e d  b y  the  Georg ia  
a r e a ,  R i c h a r d  B. Russel l  Agr i cu l t u r e  Resea rch  Center ,  Athens ,  
Georgia ,  30604, a n d  p ro j ec t  No. 24058 of K e n t u c k y  T o b a c c o  
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P e r i p h e r a l  Inh ib i t ion  in S u s t a i n e d  and T r a n s i e n t  O n l C e n t e r  G a n g l i o n  Cells  in Gat Re t ina  

Over  t he  pa s t  8 years  r e sea rch  f rom severa l  labo-  
ra tor ies  ~-7 ind ica t e s  t h a t  on -cen te r  r e t i na l  gang l ion  cells 
of t he  ca t  can  be  d iv ided  in to  2 groups.  T he  2 groups  h a v e  
been  refer red  to  as X a n d  Y cells ~,7, Type  I and  Type  I I  
cells3, 5, Group  I a n d  G r o u p  II6,8, 9 or as su s t a ined  a n d  
t r a n s i e n t  cells 2, 4. W e  shal l  a d o p t  t h e  l anguage  of CLELAND, 
DUBIN a n d  LEVlCK ~ and  refer  to  these  un i t s  as transient 
a n d  sustained cells. T he  c r i t e r i a  t h a t  we use for cate-  
gor iz ing  these  cells h a v e  been  descr ibed  in de ta i l  else- 
where  6, s, 9. 

The  pu rpose  of t he  p r e s en t  s t u d y  was to assess in te r -  
ac t ions  b e t w e e n  t he  cen t r a l  (on) a n d  p e r i p h e r a l  (off) 
regions  of t i le r ecep t ive  fields of on -cen te r  t r a n s i e n t  and  
s u s t a i n e d  cells. The  s t u d y  differs  f rom o the r  cen ter -  
s u r r o u n d  interact ion,  i n v e s t i g a t i o n s  6,~~ in t h a t  i t  deals  
specif ical ly  w i t h  t he  t e m p o r a l  cha rac te r i s t i c s  of t he  
in te rac t ions .  
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Fig.  1. T ime  series for  t yp i ca l  su s t a ined  cell. A v e r a g e  response  his- 
t o g r a m s  are  g e n e r a t e d  f rom 15 s t imulus  repe t i t ions .  N e g a t i v e  
n u m b e r s  i nd i ca t e  t h a t  the  onse t  a n d  t e r m i n a t i o n  of the  cen t e r  spo t  
p r eceded  t h a t  of the  a n n u l u s ;  pos i t ive  n u m b e r s  s ign i fy  t h a t  the  
a n n u l u s  was  p re sen ted  f irst .  All t imes  are  in  msec.  The  lowest  t r ace  
shows the  response  to  the  cen t e r  spo t  p r e s e n t e d  alone.  B a c k g r o u n d  
i l l umina t i on  is 0.3 eand le s /m 2. All t a rge t s  a re  1.2 log un i t s  a b o v e  
threshold .  

Single cell r ecord ings  were m a d e  f rom 97 op t ic  t r a c t  
f ibres  of l igh t ly  a n e s t h e t i z e d  cats .  De ta i l s  of t he  record ing  
sys tem,  op t ica l  sys tem,  a n d  a n i m a l  p r e p a r a t i o n  can  be  
o b t a i n e d  b y  re fe r r ing  to  WINTERS, HICKEY and  POLLACK S. 
The  t a rge t s  for t he  s t u d y  were a 0.8 ~ spo t  f lashed  in t he  
r ecep t ive  field cen te r  a n d  a concen t r i c  4.0 ~ • 10.5 o annulus .  
The  t e m p o r a l  re la t ion  be tween  these  2 t a rge t s  was va r i ed  
over  a 150 msec range.  B o t h  t h e  spo t  and  a n n u l u s  were 
square  wave  m o d u l a t e d  (in t ime)  w i t h  a d u r a t i o n  of 1 sec 
a n d  f r equency  of 0.3 cycles/sec. The  t a r g e t s  were super im-  
posed upon  a di f fusely  l i t  t a n g e n t  screen loca ted  80 cm 
f rom the  ca t ' s  eyes. Th re sho lds  for t he  spot  a n d  a n n u l u s  
were d e t e r m i n e d  sepa ra t e ly  and  t he  i n t e n s i t y  of each  
t a r g e t  was  a d j u s t e d  so t h a t  i t  was 1.2 log un i t s  a b o v e  
th re sho ld .  

Average  response  h i s t o g r a m s  for a t yp i ca l  sus t a ined  
cell are shown  in F igure  1. The  lowest  t r ace  in t he  f igure  
shows t he  response  of t he  cell to  0.8 ~ spo t  in  t he  r ecep t ive  
field center .  The  o t h e r  4 t races  give t he  responses  to  t h e  
same spot  p r e sen t ed  in c o n j u n c t i o n  w i t h  a 4 . 0 ~ 2 1 5  10.5 ~ 
concent r ic ,  a n n u l u s  f lashed in t he  r ecep t ive  field pe r iphe ry .  
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