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Influence of Previous Temperature  on Stomatal  Response  to Osmot ica  

I t  h a s  been  r e p o r t e d  b y  ZELITCH 1 a n d  b y  DRAKE a n d  
SALISBURY ~ t h a t  t h e  s t o m a t a  of  l eaves  t h a t  h a v e  b e e n  
g rowing  a t  h i g h e r  t e m p e r a t u r e  o p e n  wide r  in  t h e  l i gh t  
t h a n  do  those  of l eaves  g r o w n  a t  lower  t e m p e r a t u r e  
w h e n  c o m p a r e d  a t  a s t a n d a r d  a s say  t e m p e r a t u r e .  T h e  
l a t t e r  a u t h o r s  also d e m o n s t r a t e d  t h a t  t h e  p h e n o m e n o n  
h a s  s u r v i v a l  v a l u e  to  t h e  p l a n t ,  in  t h a t  l eaves  w i t h  wide-  
open  s t o m a t a  r e m a i n  cooler  on  a h o t  d a y  a n d  those  w i t h  
m o r e  n e a r l y  c losed s t o m a t a  r e m a i n  w a r m e r  on  a cool  
day.  The  pu rpose  of t h i s  no t e  is to  e x t e n d  the se  d a t a  
b y  d e m o n s t r a t i n g  t h a t  w h e t h e r  p r e - t r e a t m e n t  w i t h  h i g h  
t e m p e r a t u r e  causes  g r ea t e r  or  lesser  open i ng  d e p e n d s  
on  t h e  w a t e r  p o t e n t i a l  of t h e  so lu t ion  ou t s ide  t h e  cells. 

Methods .  Assays  for  s t o m a t a l  open i ng  in t h e  l i gh t  
were  ca r r ied  o u t  e ssen t i a l ly  as deve loped  b y  ZELITCH s. 
A t  m i d - m o r n i n g ,  leaves  of 30 c m  l e n g t h  or  g rea t e r  were  
cu t  f rom g reenhouse -g rown  Nico t iana  tabacum cv. H a v a n a  
seed a n d  p laced  in  t h e  d a r k  a t  r o o m  t e m p e r a t u r e  for  
30 min .  1 2 - m m  discs were  t h e n  c u t  f r o m  t h e  l a m i n a  
b e t w e e n  t h e  m a j o r  ve ins  a n d  pa i r s  were  f loa ted  in  t h e  
l igh t  in  100 m l  b e a k e r s  c o n t a i n i n g  40 m l  a l i quo t s  of KC1, 
NaC1, or fucose so lu t ions  of va r i ous  s t r eng ths .  T h e  l i g h t  
was  p r o v i d e d  b y  qua r t z - i od ide  l a m p s  a t  a n  i n t e n s i t y  of 
a b o u t  4 × 1 0  s e rg  cm-*  sec -x a t  t h e  u p p e r  surface  of 
t i le  leaf  a n d  was  re f l ec ted  b y  mi r ro r s  be low t h e  b e a k e r s  
so t h a t  t h e  i n t e n s i t y  c o m i n g  to  t h e  u n d e r  (wet) sur face  
of t h e  leat  f r om be low was  a b o u t  2 × 10~ erg  c m  -2 sec-L  
A r a p i d l y  c i r cu la t ing  w a t e r  b a t h  m a i n t a i n e d  t h e  t e m p e r a -  
t u r e  of t h e  so lu t ions  in  t h e  b e a k e r s  a t  30 °C; p r e l i m i n a r y  
e x p e r i m e n t s  y ie lded  s imi la r  t h o u g h  s l igh t ly  less d r a m a t i c  
r e su l t s  a t  22 a n d  26°C. A t  t h e  e n d o f  90 mill ,  t h e  u n d e r  
sur face  of e ach  disc  was  r e p l i c a t e d  a n d  m e a s u r e d  acco rd ing  
to  t h e  m e t h o d  of SAMPSON 4 a n d  of ZELITCH s. 

Resul t s .  I n  t h e  course  of a y e a r ' s  work ,  i t  b e c a m e  
a p p a r e n t  t h a t  t h e  o p e n i n g  r e sponse  v a r i e d  w i t h  t h e  
season.  R e p r e s e n t a t i v e  e x p e r i m e n t s  a re  s h o w n  in F igu re  1. 
D u r i n g  t h e  a u t u m n  a n d  win te r ,  open i ng  inc reased  w i t h  

inc reased  KC1 c o n c e n t r a t i o n ,  n e v e r  fa l l ing  off e x c e p t  
a f t e r  t r e a t m e n t  w i t h  c o n c e n t r a t i o n s  of 0 . 1 M  KC1 or  
grea te r .  I n  t h e  sp r ing  a n d  s u m m e r ,  o n  t h e  o t h e r  h a n d ,  
o p e n i n g  of s t o m a t a  o n  discs  f l oa t ed  in  low c o n c e n t r a t i o n s  
of KCI decreased  in  c o m p a r i s o n  w i t h  t h e  o p e n i n g  of  
s t o m a t a  f l oa t ed  on  de ion ized  wate r .  I n  t h e  p lo t  f r o m  
27 Apr i l  1967, t h e  ef fec t  was  r ead i ly  m e a s u r a b l e  a t  
1 0 - 5 M  KC1, a n d  r eached  a m i n i m u m  in t h e  r a n g e  
b e t w e e n  10 -4 a n d  1 0 - 3 M  KC1. Howeve r ,  t h e  s lopes a n d  
t h e  pos i t i on  of t h e  m i n i m u m  v a r i e d  cons ide r ab ly  f r o m  
e x p e r i m e n t  to  e x p e r i m e n t ;  s imi lar ly ,  t h e r e  was v a r i a b i l i t y  
in  t h e  r i s ing  p lo t s  of t h e  a u t u m n  a n d  w i n t e r  e x p e r i m e n t s .  
T h e  a p e r t u r e s  of s t o m a t a  in  t h e  w a t e r  con t ro l s  was  y e t  
a n o t h e r  i n c o n s t a n t  f e a tu r e  of t h e  expe r imen t s .  

Because  t h e  p l a n t s  h a d  b e e n  g rown  u n d e r  supple-  
m e n t a r y  l i gh t  to  p r o v i d e  a s t a n d a r d  16 h d a y l e n g t h ,  
i t  s eemed  l ike ly  t h a t  t h e  seasona l  sh i f t  in  t e m p e r a t u r e  
was t h e  f ac to r  r e spons ib le  for  t h e  obse rved  differences.  
Therefore ,  t o b a c c o  seedl ings  w i t h  leaves  a b o u t  3 c m  long  
were  d iv ided  i n to  2 lo ts  a n d  p laced  in  She re r  Model  
C E L  257 H L  g r o w t h  c h a m b e r s  w i t h  iden t i ca l  i l l u m i n a t i o n  
(mixed  i n c a n d e s c e n t  a n d  f luo rescen t  sources,  a l m o s t  
105 erg  cm-*  sec -z a t  p l a n t  level) a n d  d a y l e n g t h  (16 h) 
b u t  w i t h  d i f fe r ing  t e m p e r a t u r e s  of 18 a n d  28°C. I t  was  
checked  w i t h  a t h e r m o e o u p l e  t h a t  leaf  t e m p e r a t u r e s  d id  
n o t  d e v i a t e  as m u c h  as a degree  f rom a i r  t e m p e r a t u r e ;  
such  d e v i a t i o n s  were  caused  b y  leaves  s h a d i n g  one  
a n o t h e r  f r o m  t h e  c i r cu la t ing  s t r e a m  o~ ai r  a n d  f r o m  t h e  
l ight .  T h e  p l a n t s  in  t h e  2 c h a m b e r s  of course  grew a t  
d i f f e ren t  ra tes ,  a n d  h a d  d r a m a t i c a l l y  d i f f e ren t  i n t e r n o d e  
l e n g t h  a n d  leaf  s h a p e ;  l eaves  f r o m  t h e  w a r m  c h a m b e r  
h a d  r o u n d e d  t ips  a n d  those  f rom t h e  cool  c h a m b e r  h a d  
p o i n t e d  t ips .  W h e n  20 cm leaves  were  a v a i l a b l e  f rom 
b o t h  c h a m b e r s ,  s t o m a t a l  b e h a v i o r  was  assayed.  

F igu re  2 con f i rms  t h a t  discs  c u t  f r o m  p l a n t s  g rown  
a t  18°C r e spond  m u c h  l ike t hose  f r o m  p l a n t s  g r o w n  in  
t h e  g reenhouse  d u r i n g  t h e  a u t u m n  a n d  win te r ,  a n d  
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Fig. 1. Plots representing seasonal variation of stomatal opening 
in the light as a function of the concentration of the KC1 solution 
on which the leaf tissue was floated. Asterisk indicates that tissue 
was wilted. 
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Fig. 2. Plots of stomatal aperture in the light at  30°C as a function 
of the concentration of the KC1 solution on which the leaf tissue was 
floated; the upper curve represents stomata from plants grown at 
18 °C, and the lower represents stomata from plants grown at 28 °C. 
Each point averaged from 2 identical experiments performed on 
consecutive days. 
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p l a n t s  g r o w n  a t  28°C r e s p o n d  m u c h  l ike  those  g rown  
d u r i n g  t h e  sp r ing  a n d  s u m m e r .  I t  was  c o n s i s t e n t l y  f o u n d  
t h a t  s t o m a t a l  a p e r t u r e  was  wide r  in  t h e  w a t e r  con t ro l  
for  discs  t a k e n  f rom t h e  w a r m  c h a m b e r ,  in  accord  w i t h  
t h e  o b s e r v a t i o n s  of ZBLITCH X a n d  of DRAKE a n d  SALIS- 
BURY =. However ,  t h e  p resence  of even  a m i c r o m o l a r  
c o n c e n t r a t i o n  of sa l t  in  t h e  b a t h i n g  so lu t ion  caused  t h e  
s t o m a t a  f r o m  t h e  w a r m  c h a m b e r  t o  o p e n  less t h a n  t hose  
f rom t h e  cool  c h a m b e r ,  a n  ef fec t  t h a t  was  o b s e r v e d  for  
a l l  h i g h e r  s a l t  c o n c e n t r a t i o n s  as  well. 

I n  o rde r  to  check  w h e t h e r  t h e  ef fec t  was  specif ic  for  
t h e  sa l t  or  due  to  lower ing  of t h e  w a t e r  po t en t i a l ,  o smot i -  
ca l ly  c o m p a r a b l e  c o n c e n t r a t i o n s  of KC1, NaC1, a n d  fucose 
were  compared .  T h e  resu l t s  (Figure  3) show t h a t  t h e  
effect  is o smot i c  for al l  c o n c e n t r a t i o n s  be low 2 × 10 -~ 
eq. 1-L A b o v e  t h i s  c o n c e n t r a t i o n  (a t  l eas t  in  t h e  exper i -  
m e n t  of F igu re  3) t h e  ef fec t  of K+ is p a r t i a l l y  specific, 
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Fig. 3. Comparison of influence of KC1, NaC1, and fucose in the 
standard assay for stomata2 opening. Each point averaged from 3 
identical experiments with greenhouse-grown plants. Asterisks 
indicate wilting of leaf tissue, evidenced only by wrinkles in the 
replica of epidermal cell surfaces for the first point but for the 
second point by flaccidity of the leaf disc when it was removed 
from solution. 

as  is n o t  su rp r i s ing  in l i gh t  of t h e  s tud ies  of IMAMURA 5, 
YAMASHITA 6, FISCHER 7,s a n d  o the r s  =-1=. 

These  e x p e r i m e n t s  sugges t  t h a t  t h e  d e p e n d e n c e  of 
s t o m a t a l  open ing  on  p r ev ious  t e m p e r a t u r e  desc r ibed  b y  
DRAKE a n d  SALISBURY = m a y  be  s t r o n g l y  modi f i ed  b y  
a n y  o t h e r  v a r i a b l e s  w h i c h  in f luence  t h e  w a t e r  p o t e n t i a l  
of t h e  e x t r a c e l l u l a r  so lu t ion .  I f  t h i s  be  t rue ,  t h e  a d a p t i v e  
consequences  of  t h e  t e m p e r a t u r e  ef fec t  m a y  be  more  
c o m p l e x  t h a n  o r ig ina l ly  env i s ioned .  

Zusammen[assung. Die S p a l t 6 f f n u n g s w e i t e n  in  de r  
E p i d e r m i s  v o n  B l a t t s c h e i b e n  aus  Nicotiana tabacum wer-  
den  d u r c h  osmot i sch  w i r k s a m e  S u b s t a n z e n  u n t e r s c h i e d -  
l ich  beeinf luss t ,  w e n n  die  P f l a n z e n  vorg~ingig bei  ver-  
s ch i edenen  T e m p e r a t u r e n  au fwachsen .  Bei  28 °C s ind  die 
S p a l t 6 f f n u n g e n  de r  B l a t t s t i i c k e  in  o s m o t i s c h  w i r k s a m e n  
L 6 s u n g e n  weniger  ge6f fne t  a ls  in  r e i n e m  Wasser ,  wAhrend 
s ich be i  e ine r  T e m p e r a t u r  y o n  18°C die Spa l t6 f fnungs -  
we i t en  e n t g e g e n g e s e t z t  v e r h a l t e n .  
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A N e w  A c t i n o m y c i n - L i k e  A n t i b i o t i c  P r o d u c e d  b y  a M u t a n t  S t r a i n  o f  Streptomyces indicus 

Since t h e  d i s cove ry  of Streptomyces antibioticus in  
1941 x, a t  l eas t  a dozen  ~ d i f f e ren t  Streptomyces spp.  h a v e  
been  r e p o r t e d  for  a c t i n o m y c i n - p r o d u c i n g  cul tures .  He re  
we r e p o r t  a p i g m e n t e d  c o m p o u n d ,  a n t i b i o t i c  MT-10,  
c losely r e l a t ed  to  a c t i n o m y c i n  g roup  of an t ib io t i c s .  I t  
was  i so la t ed  f rom a morpho log i ca l  m u t a n t ,  s t r a i n  No. 
MT-10  3, w h i c h  was  o b t a i n e d  t h r o u g h  U V - i r r a d i a t i o n  of 
Streptomyces indicus CHAKRABARTY 4 (ATCC 25397), a 
newly  desc r ibed  species.  I t  d i f fers  f r o m  t h e  p i n k  co loured  
wi ld  type ,  h a v i n g  ye l lowish  m y c e l l i u m  a n d  spores,  a n d  
also is c a p a b l e  of d i f fus ing  a ye l low p i g m e n t  i n to  t h e  
cu l t u r e  med ia .  I t  also shows  a n t i m i c r o b i a l  a c t i v i t y  
a g a i n s t  b a c t e r i a  as wel l  as p l a n t  a n d  h u m a n  p a t h o g e n i c  
fungi .  

T h e  a c t i v e  m a t e r i a l  was  p r o d u c e d  in P r i d h a m  a n d  
G o t t l i e b ' s  m e d i u m  (modif ied)  c o n t a i n i n g  (NH,)=SO4, 
2 .64g/1;  KH=PO4, 2 .38g]1;  K=HPO4, 5 . 6 5 g / I ;  MgSO, ,  
7 H=O, 1.0 g]l; m a l t o s e  20.0 g/l,  a n d  p H  was  a d j u s t e d  
t o  7.0 before  s te r i l i za t ion .  T h e  s u b s t a n c e  was  p r o d u c e d  
in s t a t i o n a r y  f lask  cu l tu re s  a t  28°C a f t e r  10 d a y s  of 
i n c u b a t i o n .  T h e  a n t i b i o t i c  was  e x t r a c t e d  b y  e t h e r  a n d  

pur i f i ed  over  a l u m i n a  c o l u m n  c h r o m a t o g r a p h y  u s i n g  
e t h e r  as  t h e  e lu t i ng  so lven t .  The  ac t ive  m a t e r i a l  was  
o b t a i n e d  as  o range  yel low c rys ta l s  f rom m e t h a n o l  b y  
d r y i n g  in vacuo .  

T h e  h o m o g e n e i t y  of t h e  ac t ive  m a t e r i a l  was  e s t a b l i s h e d  
b y  p a p e r  c h r o m a t o g r a p h y  a n d  TLC. T h e  c o m p o u n d  is 
r ead i ly  so luble  in  e ther ,  ace tone ,  m e t h a n o l ,  e t hano l ,  
b u t a n o l ,  ch loroform,  benzene ,  e t h y l  a ce t a t e ,  m e t h y l  
e t h y l  k e t o n e  a n d  acet ic  acid,  b u t  o n l y  s l i gh t ly  so luble  
in  c a r b o n  t e t r a c h l o r i d e  a n d  e t h y l e n e  glycol.  I t  is inso lub le  
in  w a t e r  a n d  p e t r o l e u m  e the r .  I t  is d e c o m p o s e d  a t  204% 
Specific r o t a t i o n  is - - 2 0 5 - 2 1 5  ° (C = 0 .25% in  e thano l ) .  
U V - a b s o r p t i o n  s p e c t r u m  shows  m a x i m a  a t  420 a n d  
4 4 2 n m .  The  I R - a b s o r p t i o n  s p e c t r u m  shows  m a x i m a  
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