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m1 
289 Morrill Hall, University of Illinois, 505 S.Goodwin Avenue, Urbana, 11- 
linois 61801, U.S.A. 

Chloroplasts lose activity when leaf photosynthesis is inhibited at low 
water potentials caused by withholding water from the soil in which the plants 
are growing. In sunflower, the losses often limit the rate of photosythesis 
even though the stomata also close at the same time. The chloroplasts show no 
structural degradation but the thylakoid lamellae are thinner than in leaves 
having high water potentials (1). Photophosphorylation is inhibited under 
these conditions and the activity of chloroplast coupling factor, a subunit 
of the membranes, is inhibited when the protein is prepared from leaves hav- 
ing low water potentials. The inhibition is associated with altered confor- 
mation of the protein and decreased binding affinity for ADP (2). The de- 
creases in chloroplast activity are not caused by decreases in the free en- 
ergy of water but are correlated with increases in the concentration of cel- 
lular constituents. The cells lose over half of their water content under our 
conditions, and the intrathylakoid spaces and stroma shrink. The changes in 
photophosphorylating activity and in coupling factor activity can be simu- 
lated by exposure of the chloroplasts or protein to Mg2+ concentrations 2 to 
3 fold higher than normally present in the stroma (1 - 3 m M ) .  These Mg2+ con- 
centrations also cause conformational changes in coupling factor similar to 
those at low water potentials ( 3 ) .  Since high Mg2+ concentrations could read- 
ily occur in the stroma during dehydration of leaves having these shrinkage 
characteristics, high ion concentrations may be involved in the activity los- 
ses by the chloroplasts. 

MOLECULAR ASPECTS OF PHOTOSYNTHESIS AT LOW LEAF WATER POTENTIALS, 
J.S. Boyer, USDA/ARS, Department of Botany and Department of Agronomy, 

References 
1 .  Fellows, R.J. and J.S. Boyer. 1976 .  Planta 132 : 229. 
2 .  Younis, H.M., J.S. Boyer, and Govindjee. 1979. Biochim. Biophys. Acta 

3 Younis, H.M., G. Weber, and J.S. Boyer. 1983. Biochemistry 22 : 2505. 
548  : 328. 

1402 m c n v E  EFFECTS OF WATER, TEMPERATWE AN) ffim ONPHOTO 
SYNTHETlC FWCTION, Olle Bjorkmon, Department of Plant Biology, Carnegie 
Institution of Woshington, Stanford, CA 94305 

High light levels are generally beneficial to photosynthesis but under certain conditions may becomc 
excessive, resulting in damage to the photosynthetic system. Such photoinhibitory damage is manifest 
as a reduced photosynthetic activity both at the whole leaf and the chloroplast level with the photon 
yield being especially sensitive. Photoinhibition is also reflected in altered chlorophyll fluorescence 
characteristics at 77K and involves m inactiviation of the photochemistry associated with 
Photosystem I I  (cf. Abstract by C. Arntzen). 

Recent work provides evidence that environmental stress predisposes the leaves to photoinhibitory 
damage. The photosynthetic system of several species, including the sclerophylls Neriun oleander m d  
Schefflera octin h Ila md  the more mesic Macr tilium atr u ureum suffers severe 
photoinhibitory d2:- when subjected to water stress in % p r e s e n c e w g h t ,  whereas little 
or no such domoge occurs in well-watered plants of the some species. Considerable photoihibition is 
also evident in exposed leaves of a number of mangrove species growing in sea water on the tropical 
coast of northeastern Australio while shade leaves of the some plants haw normal photon yield for 
oxygen evolution and otherwise unimpaired photosynthetic function. These results provide evidence, 
that in addition to my  direct effect of water status on the photosynthetic system, law leaf water 
potential (resulting from restricted water supply or high solinity) greatly increases the susceptibility to 
photoinhibition. Results with 4. atr u ureum further show thot high leof temperature exacerbates 
this damage even in the temperatu-e no direct heat injury occurs. 

Photoinhibition may thus be m importont component of the damage to the photosynthetic system that 
occvrs in the field when plants are subjected to environmental stress. Any mechanism that reduces the 
accumulation of excess excitation energy should therefore be important in increosing the tolerance of 
the photosynthetic system to environmental stress. Reduction of the interception of radimt energy is 
an obvious md  highly effective mechanism. 
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I t  i s  necessary, f i r s t ,  t o  def ine the concept o f  s t ress i n  general and mineral stresses i n  
p a r t i c u l a r .  
This cond i t i on  o f  non-stress i s ,  however, i t s e l f  e lus ive.  For present purposes non-stress i s  
any combination o f  external  condi t ions a l l ow ing  the maximal expression o f  the genetic 
po ten t i a l  o f  the p lan t  i n  terms o f  growth, development, and reproduction, c o l l e c t i v e l y  ca l l ed  
here performance. Stress-induced impairment o f  performance i s  c a l l e d  the s t ress response. 
Any component o r  combination o f  components o f  performance may be chosen, depending on the 
p l a n t  and the purpose o f  the i nves t i ga t i on .  Stress response then, i s  defined as fo l lows:  

MINERAL STRESSES: DEFICIENCIES AND EXCESSES, Emanuel Epstein, Department o f  Land, 
A i r  and Water Resources, Un ive rs i t y  o f  Ca l i f o rn ia ,  Davis, CA 95616. 

Stress impl ies a departure from some norm o r  condi t ion t h a t  represents no s t ress.  

po ten t i a l  perfornance - actual performance 
Stress response = 

p o t e n t i a l  performance 
Because a l l  components o f  performance are a funct ion o f  time, t ime must be included i n  d is-  
cussions o f  s t ress.  F i n a l l y ,  the genotype must be considered; a given condi t ion may repre- 
sent a s t ress f o r  one genotype but  not  another, even i f  the two are c lose ly  re la ted,  l i k e  
l i n e s  w i t h i n  a species. 

Aspects o f  the mineral medium may represent stresses and e l i c i t  s t ress responses as defined 
above. They may be def ic ienc ies o f  essent ia l ,  o r  n u t r i e n t ,  elements, o r  excesses o f  e i t h e r  
n u t r i e n t  o r  non-nutr ient  elements : 

Mineral Stresses and Stress Responses 

Absolute Induced *, Heavy metals, Sa l t ,  Na' 

De f i c i  enc i e s Excesses 
/ \  / \  

P, other  elements 
A def ic iency i s  absolute i f  the n u t r i e n t  i s  i n  low supply (concentrat ion, amount); i t  i s  
induced i f  e l i c i t e d  by another element present i n  the medium, i nc lud ing  H+ o r  OH- ions. 
Excesses are o f  two kinds. Some elenents may be i n  excess i f  present a t  concentrat ions o f  
some pmoles/L; s a l i n i t y  (most commonly Na+ s a l t s )  i s  on ly  s t r e s s f u l  t o  even s a l t - s e n s i t i v e  
p lants  a t  concentrat ions h igher  by some orders o f  magnitude. 
Examples o f  s p e c i f i c  stresses and s t ress  responses w i l l  be discussed, w i t h  emphasis on 
excesses and responses t o  them a t  the c e l l u l a r  l e v e l .  

HORMONES I N  PLANT WATER STRESS, Hans Kende, MSU-DOE Plant  Research Laboratory, 
Michigan State Univers i ty ,  East Lansing, M I  48824 

During the  past 20 years, i t  has been rea l i zed  t h a t  phytohormones are involved i n  media- 
t i n g  some o f  the s t ress  responses i n  p lants .  
(ABA). cy tok in ins  and ethylene - has been p a r t i c u l a r l y  wel l  invest igated w i th  regard t o  water 
s t ress.  By water s t ress  we mean e i t h e r  condi t ions o f  drought or  f l ood ing .  I sha l l  discuss 
s i t u a t i o n s  where s t ress  t rans la tes  i n t o  a l t e red  l eve l s  o f  hormones i n  the p lan t  or  r e d i s t r i -  
bu t i on  o f  hormones w i t h i n  the p lant ,  and where t h i s  changed a v a i l a b i l i t y  o f  the hormone leads 
t o  a phys io log ica l  response. 

instance, cy tok in ins  seem t o  f u l f i l l  the r o l e  o f  a r e a l  hormone, namely of  a messenger sub- 
stance between d i f f e r e n t  organs o f  the p lan t .  Under water stress, cy tok in in  production i n  the 
r o o t  decreases, and symptoms o f  senescence, i n d i c a t i v e  f o r  c y t o k i n i n  deficiency, appear i n  the 
leaves. These e f f e c t s  o f  drought could, a t  l eas t  i n  pa r t ,  be overcome by t r e a t i n g  the leaves 
w i t h  a c y t o k i n i n  ( f o r  a review see r e f .  1). 

Leaves under drought condi t ions produce h igh l eve l s  o f  ABA, and ABA has been shown t o  cause 
r a p i d  c losure o f  stomata. It has been suggested tha t  stomatal c losure i n  p lan ts  under water 
d e f i c i t  i s  mediated by ABA. Proving the correctness o f  t h i s  hypothesis has been complicated 
by the f a c t  t h a t  stomatal c losure usua l l y  precedes the f i r s t  measurable increase i n  ABA con- 
t e n t  o f  the l ea f .  However, r e d i s t r i b u t i o n  o f  e x i s t i n g  ABA w i t h i n  the l ea f  and w i t h i n  compart- 
ments o f  the c e l l  may t r i g g e r  the i n i t i a l  c losure o f  stomates. fo l lowed by the sharp increase 
i n  t o t a l  ABA l e v e l s  which may mediate the sustained response ( f o r  a review see r e f .  2) .  

Flooding promotes in ternodal  growth o f  deep-water r i c e  p lants .  It has been shown tha t  re -  
duced leve ls  o f  02 i n  the submerged pa r t s  o f  r i c e  p lan ts  s t imulate ethylene synthesis i n  the 
in ternodal  t issue.  This i s  a specia l  adaptation found i n  r i c e  as ethylene synthesis i s  usual- 
l y  reduced at  lowered 02 tensions. Ethylene accumulates i n  the submerged t i ssue  because 
d i f f u s i o n  o f  the gas i n t o  water i s  about 10,000 times slower than i t s  d i f f u s i o n  i n t o  a i r .  
Ethylene applied t o  non-submerged p lan ts  e l i c i t s  a growth response which i s  very s im i la r  t o  
the one observed under condi t ions o f  f l ood .  Therefore, the response t o  f l ood ing  s t ress i n  
r i c e  and other  semi-aquatic p lan ts  i s  mediated by ethylene (3) .  

The r o l e  o f  three p lan t  hormones - abscisic ac id  

Roots synthesize cy tok in ins  which are t rans located t o  the shoot v i a  the xylem. I n  t h i s  

References 
1. Kende, H. I n t .  Rev. Cytol.  31:301-338 (1971) 
2. Raschke. K. In: Plan t  Growth Substances 1982, P.F. Wareing. ed. pp. 581-598, Academic 

Press, 1982 
3. Raskin, I. and H. Kende. P lanta ( i n  press) 
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processes. 
tailings and a large nunber of other industrial processes. 
o i l  shale processing waters and of the sewage sludge o f  most major industrial cities. 

in normally toxic concentrations of this metal ion. 
or more heat stable, small molecular weight. cysteine-rich. metal binding proteins when 
grown i n  the presence of cadmiun or zinc. 
sensitive cells or within resistant cells grown i n  the absence of these metal ions.  
addition of cadmiun to the cells, rapid de novo protein synthesis allows detection of 
metal binding proteins within 45-60 minutes-is synthesis results in an accunulation of 
the metal binding proteins which reaches a maximun of 2 to 42 of the total, newly 
synthesized. soluble proteins within the cells, 8 t o  12 hours following induction of 
protein synthesis. 

-- De novo metal binding protein synthesis is  directed by newly synthesized poly-A 
containing mRNA sequences. lhis suggests the presence in resistant cells of rapidly 
induced genes responsible of metal binding protein synthesis. 

THE MOLECULAR RESPONSE OF CACHIUH RESISTANT PLANT CELLS TO HEAVY METAL STRESS, 
Paul J. Jackson, Genetics Group, Los Alamos National Laboratory, Los Alanos. 

Cadmium. a group IIB heavy metal, is  a by-product o f  many energy and industrial 
It i s  found in potentially harmful concentrations associated with mine 

It is  a major contaminant o f  

Datura innoxia cells have been selected for their ability to grow and divide rapidly 
These resistant cells synthesize one -- 

Such proteins are not detectible i n  cadmim 
Upon 

BETAINE ACCUMULATION: METABOLIC PATHWAYS AND GENETICS, Andrew 0. Hanson and Rebecca 
Grumet, MSU-DOE Plant Research Lab, Michigan State Univ. East Lansing, MI 1066 

In certain groups of plants, water and salt stress provoke accumulation of betaine (glycine 
betaine). Betaine-accumulating taxa include the Chenopodiaceae and the grass tribe Hordeae 
(1,2). Circumstantial evidence indicates that stress-induced betaine accumulation is adapt- 
ive; betaine accumulated by stressed cells may function either as a non-toxic cytoplasmic 
osmoticum, as a stabilizing compound, or both (1). 

Betaine accumulation is a potential metabolic component of stress tolerance that is 
simple enough to manipulate i n  genetic engineering of higher plants. 
either desirable or feasible, we need answers to many questions. Two of these are: I. Is 
betaine accumulation real ly  a heritable and adaptive t r a i t ?  
that, within a species, naturally occurring levels of betaine are beneficial during stress, 
or that raising these levels will improve stress tolerance. With barley, we are using 
natural variation for betaine level (3) to investigate the inheritance of betaine, and to 
develop isopopulations differing in betaine level, i n  order to compare their performance 
under stress. This approach is possible because betaine level in barley is a highly herit- 
able, predominantly additive trait; it is under the control of nuclear genes. 11. What are 
the enzymes..and..genes..unique t o  the betaine synthesis pathmy? 
synthesized in chenopods and barley from the primary metabolite choline by a two-step 
oxidation, of which the first may be regulated by stress (2). 
oxidation to betaine is also enhanced by stress. However, the pathway of free choline 
synthesis is poorly known in plants, and may be different in the chenopods and grasses (2). 
Most importantly, the steps in betaine synthesis are known only from radiotracer studies; 
essentially none of the corresponding enzymes have been detected in vitro, still less 
identified with protein bands on gels. Because choline-oxidizingenz)rme(s) are probably of 
key significance, these are the first betaine pathway enzymes we are seeking. 

More generally, we believe that advances in molecular genetics of higher plants make it 
timely to dissect simple metabolic traits that may confer stress-tolerance, of which betaine 
accumulation is only one example. This is because other types of traits conferring adapta- 
tion to stresses involve development, morphology or whole-plant physiology; they are 
therefore probably multigenic and beyond the scope of genetic engineering. 

1. Wyn Jones, R.A. and R. Storey. 1981. In Physiology and Biochemistry of Drought 
Resistance, L.G. Paleg and D. Aspinall, e d y  Academic Press, Sydney. 
2. Hanson, A.D. and W.D. Hitz. 1982. Annu. Rev. Plant Physiol. 33: 163-203. 
3. Ladynan, J.A.R., K.M. Ditz, R. Grumet and A.D. Hanson. 1983. Trap Sci. 2: 465-468. 

48824 

To know whether this is 

No direct evidence yet shows 

Betaine is known to be 

The supply of free choline for 
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POLYAMINE M E T A B O L I S M  A N D  PLANT STRESS. A r t h u r  W. G a l s t o n ,  H e c t o r  E. 
F l o r e s  and  Nevin  D.  Young. D e p a r t m e n t  o f  B i o l o g y ,  Y a l e  U n i v e r s i t y ,  
N e w  Haven,  CT.  06511 

C e r e a l  p l a n t s  e x p o s e d  t o  v a r i o u s  s t r e s ses  a c c u m u l a t e  l a r g e  q u a n t i t i e s  of  
p u t r e s c i n e  ( P u t ;  1 , 4 - d i a m i n o b u t a n e )  b u t  n o t  t h e  h i g h e r  p o l y a m i n e s  s p e r m i d i n e  
and  s p e r m i n e  ( 1 , Z ) .  P e e l e d  o a t  l e a f  s e g m e n t s  e x p o s e d  t o  o s m o t i c  s t r e s s  ( 0 . 4  t o  
0 . 6  M s o r b i t o l  or o t h e r  osmoticurn) o r  t o  pH v a l u e s  < 5 . 0  i n c r e a s e  t h e i r  PUt 
l e v e l  m a n y f o l d  w i t h i n  6 h r .  o f  e x p o s u r e ,  a s i g n i f i c a n t  i n c r e a s e  b e i n g  shown 
a f t e r  o n l y  2 h r  ( 3 . 4 ) .  T h i s  i n c r e a s e  i n  P u t  is p a r a l l e l e d  by a r i s e  i n  t h e  a c -  
t i v i t y  o f  a r g i n i n e  d e c a r b o x y l a s e  (ADC), w h i l e  t h e  a n a l o g o u s  enzyme o r n i t h i n e  
d e c a r b o x y l a s e  (ODC) i s  u n a f f e c t e d .  DL-a-difluoromethylarginine, a s p e c i f i c  en-  
z y m e - a c t i v a t e d  i r r e v e r s i b l e  i n h i b i t o r  o f  A D C ,  p r e v e n t s  t h e  s t r e s s - i n d u c e d  
r i s e  i n  b o t h  ADC a c t i v i t y  a n d  P u t  l e v e l s ,  i m p l i c a t i n g  ADC i n  t h e  s t ress  r e -  
s p o n s e .  L - c a n a v a n i n e  and  TI-arg in ine  a r e  a l s o  e f f e c t i v e  i n h i b i t o r s ,  and  l e a v e s  
of  o t h e r  c e r e a l s ,  s u c h  a s  w i l d  o a t ,  b a r l e y ,  c o r n  and  w h e a t  r e s p o n d  s i m i l a r l y .  
R i i e s  i n  ADC and P u t  a r e  also p r e v e n t e d  by c y c l o h e x i m i d e  (10-50 p g / m l )  
s u g g e s t i n g  t h a t  p r o t e i n  s y n t h e s i s  i s  i n v o l v e d  i n  t h e  r e s p o n s e .  

K+ d e f i c i e n c y  ('6 mM K+) a l s o  r e s u l t e d  i n  a .marked r i s e  i n  ADC a c t i v i t y .  
Thus ,  o a t  s e e d l i n g s  grown on washed q u a r t z  s a n d  f o r  18  d a y s  a t  6 UY K +  showed 
a s i x f o l d  e l e v a t i o n  i n  ADC a c t i v i t y ;  i n  t h e  f i r s t  l e a f ,  t h e  a c t i v a t i o n  w a s  
t h i r t y f o l d .  
ADC a c t i v i t y ,  w h i l e  Rb+ d e p r e s s e d  a c t i v i t y  be low t h a t  i n  normal  p l a n t s .  

a c e t o n e  f r a c t i o n a t i o n ,  g e l  f i l t r a t i o n  a n d  i o n  e x c h a n g e  c h r o m a t o g r a p h y .  T h i s  
r e s u l t e d  i n  a 650 f o l d  e n r i c h m e n t  i n  a c t i v i t y . w i t h  a 5 %  r e c o v e r y .  The f i n a l  
p r e p a r a t i o n  was homogeneous,  m i g r a t i n g  a s  a s i n g l e  band  w i t h  M r  3 9 , 0 0 0  d u r i n g  
S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  Leaf  s e g m e n t s  w e r e  s t r e s s e d  and  i n -  
c u b a t e d  w i t h  3 5 S - m e t h i o n i n e  and  l a b e l l e d  p r o t e i n s  e x t r a c t e d ,  s e p a r a t e d  by 
e l e c t r o p h o r e s i s  a n d  i d e n t i f i e d  by f l u o r o g r a p h y .  S i x  b a n d s  w e r e  e n h a n c e d  by o s -  
m o t i c  s t r e s s ,  a n d  2 b a n d s  by a c i d  s t r e s s .  One p r o t e i n  band e n h a n c e d  i n  b o t h  
t r e a t m e n t s  c o m i g r a t e d  w i t h  p u r i f i e d  A D C .  The l a b e l i n g  o f  t h i s  band  was i n -  
c r e a s e d  28% by o s m o t i c  s t r e s s .  The s i g n i f i c a n c e  o f  t h i s  s t r e s s - i n d u c e d  r i s e  i n  
A D C  a n d  P u t  i s  n o t  y e t  known. 

(1) S m i t h ,  T . A .  (1970)  Ann. N . Y .  Acad.  S c i .  71, 988-1001.  ( 2 )  G a l s t o n ,  A.4. 
(1983)  B i o S c i e n c e  22, 382-388.  ( 3 )  F l o r e s ,  H . E .  6 A . a .  G a l s t o n  ( 1 9 8 2 )  S c i e n c e  
- 2 1 7 ,  1259-1261.  ( 4 )  Young, N . D .  6 A . W .  G a l s t o n  (1983)  P l .  P h y s i o l . l l ,  767-771.  
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R e p l a c i n g  K+ w i t h  N a +  or L i +  p a r t i a l l y  i n h i b i t e d  t h e  i n c r e a s e  i n  

ADC was p u r i f i e d  f rom 18 d a y  o l d  K + - d e f i c i e n t  o a t s  by ammonium s u l f a t e  and  

Plant Responses To Environmental Stimuli Ill 
PHYSIOLOGICAL A!T MOLECULAR ANALYSES OF THE HEAT SHOCK RESPONSE OF PLANTS, Joe L .  
Key, Janice Kimpel, Chu-Yung Lin, Ronald Xagao, Ewa Czarnecka and F r i t z  Sch8ff1, 
University of Georgia. Athens, GA 30602 

We have studied t h e  heat shock (hs) response i n  soybeans and a number of crop p lan ts  using 
a var ie ty  of physiological and molecular approaches. The hs  condition ( i . e .  accumulation of 
hs  mRNAs and hs  proteins ,  decrease i n  normal pro te in  synthesis ,  and the  development of thermo- 
tolerance)  may be achieved under a number of hs  or hs-l ike conditions i n  soybean seedlings: 
1) incubation at 4OoC ( the  "breakpoint" temperature f o r  soybean) f o r  about 2 h r s ,  2) incu- 
bation f o r  10  min. a t  45'C (a lethal temperature i f  treatment continues) followed by re turn  
t o  t h e  normal growth temperature f o r  about 2 h r s ,  3) a gradual increase i n  temperature t o  
47.5"C, and 4) treatment with 50 LIM a r s e n i t e  f o r  3 hr  ( the  l a t t e r  c lose ly  but not completely 
mimics hs  a t  4OoC). Genomic clones t o  a number of genes have been i so la ted  and are being 
character ized.  The hs system of soybean (and o ther  plants)  is  highly complex r e l a t i v e  t o  
animal systems; there  a r e  a t  least 40 t o  50 hs  proteins  i n  p lan ts  compared t o  8 or  so major 
hs  proteins  i n  Drosophila. The genes f o r  these hs  proteins  r e f l e c t  over-lapping fami l ies  of 
re la ted  sequences based on hybrid se lec t ion / t rans la t ion  analyses ,  Southern hybridizat ion 
analyses, and f i n a l l y  DNA sequence analyses. The complex low molecular weight hs  proteins  
a r e  much more abundant in soybean than a r e  t h e  high molecular weight hs  proteins .  Yet, the  
high evolutionary conservation of the  h s  response is  suggestive of an e s s e n t i a l  funct ion f o r  
t h e  system, presumably t h e  development of thermo-tolerance t o  otherwise non-permissive 
temperatures. 

Key, J.L., Lin, C.Y. ,  and Chen, Y.L. (1981). Proc. Nat l .  Acad. Sci .  78, 3526. 
Schoff l ,  F., and Key, J .L .  (1982). J .  Mol. Appl. Genet. I, 301. 
Key, J .L . ,  Lin, C.Y. ,  Ceglarz, E. ,  and Schiiffl,  F. (1982). " H e a t  Shock: From Bacteria 

Relevant references t o  our work include: 

t o  Man'' (M. Schlesinger, M. Ashburner and A .  T iss ihres ,  eds.) p. 329. Cold Spring Harbor 
Laboratory, Cold Spring Earbor, New York. 

- In "Current Topics i n  Plant  Eiochemistry and Physiology Symposium" (D.D. Randall, D.G.  
Blevins, R.L. Larson, E . J .  Rapp, eds.) p. 107. Univ. of Missouri, Columbia, Missouri. 

Czarnecka, E., Edelman, L., Schoff l ,  F., and Key, J .L .  (1983). Plant  Mol. Biol. ( i n  press ) .  
Lin, C . Y . ,  Roberts, J . K . ,  and Key, J . L .  (1984). Plant  Physiology ( i n  press) .  

Agrigenetics Research Corporation. 

Key, J.L., Czarnecka, E., Lin, C .Y. ,  Kimpel, J., Mothershed, C. ,  and Schoff l ,  F. (1983A). 

This work is  supported by contract  DE-8509-80ER1067C from DOE and a contract  from 
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POTATO COLD HARDINESS AND FREEZING STRESS. Paul H. L i .  Laboratory o f  Plant- 
Hardiness, Department o f  H o r t i c u l t u r a l  Science and Landscape Architecture, Univers i ty  
of Minnesota, S t .  Paul, MN 55108. 

1409 

The potato here i s  r e f e r r i n g  t o  the tuber-bearing Solanum species i n  add i t i on  t o  the 
comnonly c u l t i v a t e d  5. tuberosum potato. 
c l imate t o  cold. the po-be grouped i n t o  f i v e  groups (1) :  f r o s t  hardy and able 
t o  acclimate, b)  f r o s t  sens i t i ve  bu t  ab le t o  ac- 
cl imate, d)  f r o s t  sens i t i ve  and unable t o  acclimate. and e) c h i l l i n g  sensi t ive.  The c m -  
monly c u l t i v a t e d  potato belongs t o  d). Using NMR, the amount o f  unfrozen water present a t  
sub-zero temperature was measured from s i x  potato species w i t h  hardiness ranged from -3 t o  
-6oC ( k i l l i n g  temperature). A t  the k i l l i n g  temperature. a s i g n i f i c a n t  co r re la t i on  between 
hardiness and % o f  unfrozen water was observed among them ( 2 ) .  
t he  potato co ld  hardiness i s  due t o  the  tolerance o f  freeze-induced dehydration. Addi t ional  
evidence ind i ca tes  t h a t  t he  thermal s t a b i l i t y  o f  prote ins plays a s i g n i f i c a n t  r o l e  i n  f reez-  
i ng  to lerance o f  the potato (3). During co ld  accl imation, an e levat ion o f  ABA concentrat ion 
was observed i n  the potato which belongs t o  f r o s t  hardy and able t o  accl imate group (4). It 
i s  bel ieved t h a t  the e leva t i on  o f  ABA may induce spec i f i c -p ro te in  synthesis which i n  t u r n  i s  
responsible f o r  the development o f  co ld  hardiness i n  the potato. 

1. Chen. H. H. and P. H. L i .  Character is t ics  o f  co ld  acc l imat ion and deaccl imation i n  
tuber-bearing Solanum species. P lant  Physiol.  65:1146-1148, 1980. 

2. Chen, P. M., M-rke and P. H. L i .  The f r o s t  hardiness o f  several Solanum species 
i n  r e l a t i o n  t o  the f reez ing o f  water, mel t ing po in t  depression, and tis-er content. 
Bot. Gaz. 137:313-317, 1976. 

3. Huner. N. P. A., J. P. Palta. P. H. L i  and J. V. Carter. Comparison o f  the s t ruc tu re  and 
funct ion o f  r i bu loseb i  sphosphate carboxylase-oxygenase from a cold-hardy and non-hardy 
potato species. Can. J. Biochem. 59:280-289. 1981. 

4. Chen, H. H., P. H. L i  and M. L. Brenner. Involvement o f  absc is ic  ac id  i n  potato co ld  
accl imation. P lant  Physiol.  71:362-365. 1983. 

According t o  l e a f l d  hardiness and a b i l i t y  t o  ac- 
a)  

f r o s t  hardy bu t  unable t o  acclimate. c )  

Results confirmed t h a t  i n  

1410 MEMBRANE DAMAGE AND REPAIR I N  STRESSED CHLOROPLASTS, Charles Arntzen, David Kyle, 
Bruce Runk, and Herb Nakatani, MSU-DOE Plant  Research Laboratory, Michigan State 
Univers i ty ,  East Lansing, MI 48824 

The f i r s t  involves a po ten t i a t i on  f o r  membrane repa i r  by elevated temperature 
Two st ra teq ies f o r  copinq w i th  stress-induced damaqe t o  the ch loroplast  have been charac- 

ter ized.  
acclimation; t h i s  allows the ch loroplast  t o  recover from a "heat shock". The second involves 
a rapid, se lec t i ve  thy lako id  p ro te in  turnover process t h a t  remains ac t i ve  throughout the l i f e  
o f  the p lan t  and allows p lants  t o  constant ly  res to re  a c t i v i t y  o f  e lect ron t ranspor t  chains 
damaqed as a r e s u l t  o f  high 1 lght  s t ress (pho to inh ib i t i on ) .  

t he  secondary quinone (96) e lect ron acceptor o f  photosystem I 1  ( P S  11). 
i n a c t i v e  due t o  the damaqe and subsequent removal o f  the QB apoprotein. 
( repa i r )  o f  damaged PS I 1  centers occurs i n  v i vo  and requires synthesis o f  a "32" k i l o d a l t o n  
polypeptide and i t s  i nse r t i on  and i n t e g r a m t o  the PS 11 reac t i on  center. 
and repa i r  process explains the  prev ious ly  observed rap id  turnover o f  t he  32 kDa polypeptide 
and i s  cons is tent  w i th  the constant hiqh leve ls  of mRNA coding f o r  t h i s  polypeptide i n  mature 
p lant  ch lorapl  asts. 

Severe heat s t ress (4B'C, 5 min) r e s u l t s  i n  damage t o  the PS I 1  complex o f  ch loroplasts  i n  
i n t a c t  maize leaves. Unlike high 
l i g h t  stress, however, the heat stress i t s e l f  severely l i m i t s  the mount o f  p ro te in  synthesis 
tha t  can occur i n  a t reated ch loroplast .  
acclimated the system al lowing t reated seedlings t o  f u l l y  recover from the stress. Recovery 
was found t o  co r re la te  d i r e c t l y  w i th  ra tes of synthesis o f  new thy lakoid polypeptides. 

I n  summary, stress-induced damage t o  ch loroplast  thy lakoids can be studied both w i th  
respect t o  the s i t e  o f  the primary les ion as w e l l  as i n  regard t o  the repa i r  processes 
involved i n  recovery from the damage. T*e l a t t e r  al low a be t te r  understanding o f  develop- 
mental s t ra teg ies which have evolved t o  al low p lants  t o  t o l e r a t e  environmental stress. 

This research was supported by DOE contract  # DE-AC02-76ERO-1338 t o  Michigan State 

We have shown t h a t  the primary s i t e  o f  pho to inh ib i t i on  damage r e s u l t s  i n  i nac t i va t i on  o f  
This renders PS I 1  
React ivat ion 

This damage 

Recovery from t h i s  damage also requi res p ro te in  synthesis. 

A preadaptation o f  the seedlings (39'C, 3 h r )  

Un ive rs i t y  
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141 ANAEROBIC GENE EXPRESSION I N  IJAIZE 
M.M. Sachs*, W.L. Gerlach, E.S. Dennis, A. Elizur and H . J .  Peacock 
CSIRO, Division of Plant Industry, G.P.O. Box 1600, Canberra, A.C.T., 2601 Australia 

Anaerobic stress drastically alters the pattern of gene expression in maize seedlings. 
Pre-existing mRNA translation is repressed, while approximately 20 novel anaerobic 
polypeptides are selectively synthesized (1). 
alcohol dehydrogenase isorymes encoded by Adhl and Adh2. 
anaerobically treated maize seedlings (2) . T e s e  clones were screened with cDNAs from 
anaerobic and aerobic mRNA and the anaerobic specific cDNA clones were further analyzed. 
anaerobic specific cDNA clones were grouped into families by hybridization and each family was 
analyzed by hybrid selected translation and RNA blot hybridization. 
clone families are those which encode ADHl and ADH2 and one family which hybridizes to two 
mRHA classes which allow translation of two of the previously identified anaerobic 
polypeptides. 

(1) Sachs, M.FI., M. Freeling and R. Okimoto, 1980 Cell 20 761-767 
(2) Gerlach, W.L., A.J. Pryor, E.S. Dennis. R.J. Frel, NX. Sachs and W.J. Peacock 1982 

*Present address: Department of Biology, Ifashington University, St. Louis, If0 63130. 

Among the anaerobic polypeptides are the 
cDNA clones were made to mRNA from 

The 

Among the several cDNA 

All o f  these cDNA clones hybrize to anaerobic specific mRNAs. 

Proc. Natl. Acad. Sci. USA 2 2981-2985 

142 THE Adh GENES OF MAIZE: COMPONENTS OF THE ANAEROBIC RESPONSE, E.S. Dennis, 
J. Ellis, E.J. Finnegan, W.L. Gerlach, D. Llewellyn, W.J. Peacock and M.M. Sachs, 
CSIRO Division of Plant Industry, GPO Box 1600, Canberra, ACT 2601, Australia 

In maize, both alcohol dehydrogenase genes Cm and e) are induced by anaerobic 
conditions. The two genes are unlinked, is on chromosome 1, s o n  chromosome 4. The 
gene products, the enzymes ADHl and ADH2, are similar; both enzymes are dimers of 40,000 
dalton subunits and both homodimers and heterodimers are enzymatically active. Antibodies 
to ADHl partially cross-react with ADH2. 

We have cloned and sequenced the two &dJ genes of maize. A comparison of the 
nucleotide sequences of the two genes indicates that they arose from a single gene which was 
duplicated. 
homologous at both the amino acid and nucleotide sequence level. Both genes are interrupted 
by 9 introns in identical positions in the gene! for any intron the nucleotide sequence and 
length is not conserved. 

The transcription start has been mapped in both genes and a presumptive TATA 
box identified about 35 bp upstream in each case. In the gene a CCAAT 
box-like sequence is present at position -88 bpi this sequence is not seen in s. The 
promoters are being analysed in order to identify the sequences responsible for anaerobic 
induction. 

Anaerobic conditions induce the specific m and mRNAs about fifty-fold. 
The kinetics of appearance of these two W A S  are similar but the mRNA level is 
maintained for a much longer time than t h e e  M A .  

Analysis of these two related genes should enable the identification of the 
sequences responsible for the anaerobic response as well as those responsible 
for the tissue specific expression of the two genes. 

The coding regions of Adhl and have identical lengths and are about 80% 
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William C. Taylor and Michael Freeling, Department of Genetics, University of California, 
Berkeley, California. 94720. 

Anaerobiosis results in the selective synthesis of a particular set of polypeptides 
in the maize root including the two alcohol dehydrogenases (Sachs, et al., 1980) and glucose 
phosphate isomerase (Kelley and Freeling, $984). 
anaerobic proteins, ANP33 and ANP35.5, as corresponding to fructose-1, 6-diphosphate 
aldolase. cDNA clones to five anaerobic mRNAs have been identified and characterized. We 
identify the cDNA clones to polypeptides using hybrid select translation and show that one 
is to fructose-1, 6-diphosphate aldolase mRNA. 
of mRNA accumulation, we show that the increase in concentration of the different mRNAs is 
not simultaneous. The kinetics of accumulation 
of aldolase mRNA differs from the kinetics of the aldolase polypeptide during anaerobic 
induction. 
anaerobic polypeptides are for the most part single copy. 
isomerase are located on the long arm of chromosome 1 (1L) (Kelley and Freeling, 1984). A 
translocation line that generates progeny that contain 2 ,  2 and 3 doses of 1L allowed us to 
test for anaerobic gene clustering: 3 of the anaerobic genes tested do not reside on chrom- 
osome 1L. 

Kelley, P.M., M. Freeling. The anaerobic expression of maize glucose phosphate isomerase 1. 
J. Bio. Chem. accepted for publication. 

Sachs, M.M., M. Freeling, R. Okimoto. The anaerobic proteins o f  maize. Cell 20: 761-768 
1980. 

MOLECULAR ANALYSIS OF ANAEROBIC GENES IN MAIZE, Sarah Hake, Phillip M. Kelley, 

We have identified two additional major 

Using the cDNA clones to measure the kinetics 

Each message displays different kinetics, 

Genomic DNA blotting experiments demonstrate that the genes encoding the 
=and glucose phophate 

1414 t1ETABOLIC ACTIVITY AND SYNTHESIS OF HACROItOLECULES UNDER ANOXIA,  A l a i n  Pradet.  
Bernard tlocquot and !tiche1 Delseny*, INRA Bordeaux, France and *CNRS Perpignan, 
France. 

The a b i l i t y  o f  p l a n t s  t o  syn thes ize  macrow lecu les  i n  anoxia was r e c e n t l y  po in ted  o u t .  DNA, 
RNA and p r o t e i n  can be syn thes ized w i t h o u t  oxygen. It i s  v a r i a b l e  depending on t h e  p l a n t s .  
Fermentat ive me tabo l i sn  and ATP p roduc t i on  a re  a l so  very  d i f f e r e n t .  
reach "normal" values (about  0.8) under anoxia.  The i n t e n s i t y  o f  p r o t e i n  and RNA syn thes i s  
a re  mod i f i ed  i n  a p a r a l l e l  manner w i t h  the  energy charge changes. 

The m o d i f i e d  p a t t e r n s  o f  po lypept ides  syn thes ized d u r i n g  the  anox ic  t rea tment  were analyzed 
by  two-dimensional  po l yac ry lan ide  gel  e lec t rophores i s .  Ana lys is  o f  RNA shows t h a t  rRNA 
and mRNA a r e  syn thes ized and t h a t  t he  process ing  o f  rRNA p recu rso r  i s  a l t e r e d .  
a re  p resent  th roughout  t h e  adap ta t i on  p e r i o d  a l though t h e i r  amount i s  reduced du r ing  the  
f i r s t  hour o f  anoxia.  
r a p i d l y  degraded. 

Our da ta  i n d i c a t e  t h a t  h i g h  me tabo l i c  a c t i v i t y  occurs  i n  r i c e  embryo under anoxia, which can 
be c o r r e l a t e d  w i t h  a h i g h  energy charge value. The metabo l ic  adap ta t i on  o f  r i c e  embryos 
a l l ows  a s u r v i v a l  o f  t he  r i c e  seed l ings  f o r  severa l  days i n  the  absence o f  oxygen. Such 
an i n p o r t a n t  syn thes i s  o fnac rono lecu les  and s u r v i v a l  under anoxia a r e  n o t  observed i n  most 
p l a n t  ma te r ia l s .  The c o r r e l a t i o n  between these phenomena and the  a b i l i t y  o f  p l a n t  t i ssues  
t o  syn thes ize  ATP under anoxia w i l l  be discussed. 

The energy charge can 

Polyribosomes 

Changes i n  po l y (A )  con ten t  were no t iced ,  showing t h a t  some mRNA a r e  
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CEWTiC CONTROL OF PATHOTOXIN INDUCED STRESS I N  PLANTS. David G. Gilchr i s t ,  
Dewrtmet of Plant  Pathology, University of California. Davis, CA 95616 145 

The scopp of mechanisms used by pathogens t o  e f f e c t  physiological stress include macro- 
mlecu&ea involved i n  vascular plugging, enzymes involved i n  the digest ion of polymeric host 
components. and netabol i tes  toxic  t o  host cells. In  par t icu lar ,  host-specific toxins of 
fungal or igin have been accorded great promise f o r  yielding details of chemical mcchanisps 
of pathogen induced stress because of t h e i r  inherent host-specif ic i ty  and because t h e i r  
action i n  spptom production is often under simple genet ic  control  by the host. 
s p e c i f i c  toxin is defined as a r t a b o l i c  product of a pathogen which is toxic  only t o  hosts  
which are suacept ible  t o  tha t  pathogen. Such toxins. i f  they induce the symptonm a s s o d a t e d  
with the disease, are direct tools  t o  study the molecular development of disease and the 
molecular basis of res is tance t o  disease development. Molecular mdes of ac t ion  have been 
proposed f o r  few pathotoxins and fewer still  f o r  host-specific toxins. However, recent 
evidence obtained with ML-toxins produced by Al te rnar ia  a l t e r n a t a  f. sp. lycopersici, 
causal agent of Alternar ia  stem canker of tomato, suggests a mechanism for  genet ic  control  
of toxin induced stress. In  t h i s  system genet ic  control  of toxin s e n s i t i v i t y  and disease 
resis tance is determined by a s ing le  locus which expresses complete dominance f o r  pathogen 
resis tance and incomplete dominance f o r  toxin sens i t iv i ty .  The presence of an 
aspartate- l ike moiety i n  the toxin prmpted metabolite competition s tudies  which focused 
a t t e n t i o n  on aspartate carbanmy1 t ransferase  (ACTase) a s  a possible  site of action. P a r t i a l  
pur i f ica t ion  and detai led k i n e t i c  characterization of the enzyae from green tomato leaf 
tissue revealed siglloid subs t ra te  sa tura t ion  k ine t ics  f o r  both substrates. aspar ta te  and 
carbahyl phosphate. and s e n s i t i v i t y  t o  inh ib i t ion  by U” and the AAL-toxins. ACTase from 
both r e s i s t a n t  and sens i t ive  (suscept ible)  genotypes w a s  indis t inguishable  i n  k i n e t i c  
reaponse t o  the substrates  and UMP but exhibi ted a two-fold higher toxin-enzyme d i s s o d a t i o n  
constant (Kiapp) from the r e s i s t a n t  genotype. The combination of U” and ML-toxins, when 
6ssay-d at  var iable  aspar ta te  concentration, appear t o  a c t  synerg is t ica l ly  t o  form a double 
dead-epd inhib i tor  complex which drove the ACTsse react ion t o  zero at concentrations of UW 
t h a t  yere not inh ib i tory  i n  the absence of AAL-toxins. The UHP:ML-toldn synergism was 
forty-fold grea te r  with ACTase from the suscept ible  compared t o  the res i s tan t  genotype. 
Feedbrck loops regulat ing intermediary lmtabolism of arginine. glutamlne and pyrimidine 
biosynthesis provide the basis  f o r  a tes tab le  hypothesis of events leading from toxin 
induced stress t o  cell death. Application of t h i s  scenario t o  other host-toxin in te rac t ions  
rill be discussed. 

A host- 

EXPRESSION OF LATENT GENETIC INFORMATION FOR DISEASE RESISTANCE I N  PLANTS, Joseph 
A .  KuC. Department of Plant Pathology, University of Kentucky, Lexington, KY 40546 

Plants  developed ef fec t ive  mechanisms f o r  res i s tance  t o  a l l  in fec t ious  agents  i n  t h e i r  
environment t o  survive the  se lec t ion  pressure of evolution. work i n  our laboratory provides 
biological  and chemical evidence to  support the hypothesis tha t  a l l  p lants  contain the  
genet ic  po ten t ia l  f o r  res i s tance  mechanisms to  fungal, b a c t e r i a l  and v i r a l  diseases .  The 
determinant of res i s tance  would then be the speed and magnitude with which t h i s  po ten t ia l  is 
expressed. 

Working with green bean, tobacco, cucumber, watermelon and muskmelon, we demonstrated 
tha t  plants  a r e  systemically immunized aga ins t  diseases  caused by fungi, bac te r ia  and 
v i ruses  by r e s t r i c t e d  infec t ion  with fungi ,  bac te r ia ,  or v i ruses .  Immunization pro tec ts  
cucumber, watermelon, mushelon and tobacco throughout the season, and a s ing le  immunization 
pro tec ts  cucumber aga ins t  a t  l e a s t  12 unrelated diseases .  

Multiple mechanisms f o r  the  containment of in fec t ious  agents a r e  rap id ly  ac t iva ted  
a f t e r  in fec t ion  i n  immunized p lan ts .  Plants  a r e  sens i t ized  to  respond rap id ly  a s  a r e s u l t  
of immunization, but responses are most apparent a f t e r  challenge with the  infec t ious  agent. 

Immunization against  blue mold a l s o  increased the  growth of Burley tobacco. Immunized 
unchallenged p lan ts  a t  the  start of flowering were 40% t a l l e r ,  had a 30% increase i n  f resh  
weight and 5-7 more leaves than control  plants .  

I n  some in te rac t ions  general defense responses of the  hos t ,  ihcluding phytoalexin 
accumulation, a r e  e l i c i t e d  or  suppressed. I n  the  in te rac t ion  of Phytophthora infes tans  
and potato tuber ,  arachidonic and eicosapentaenoic ac ids  produced by the  fungus e l i c i t  
phytoalexin accumulation i n  potato,  whereas glucans produced by the  fungus enhance or 
suppress t h e  response. 

222 



Cellular and Molecular Blobgy of Plant Stress 

1417 PLANT DEFENSE RESPONSES TO VIRAL INFECTIONS. G. Loebenstein and Adina Stein, 
Virus Laboratory, Agricultural Research Organization, Bet Dagan, Israel. 

A defense response can be defined as a mechanism that after introduction of the virus into 
the plant prevents or restricts virus multiplication or spreading, and requires transcription 
of cellular DNA. The subliminal infection and the local lesion response, where virus after 
inoculation invades a few or several hundred cells respectively, but does not spread to other 
tissues areltwo of the most notable resistance mechanisms. 

advance of the infection, barrier substances and inactivation of a "translocation protein" 
will be discussed. Evidence will be presented that localization is an active process, 
requiring translation of the host genome, and associated in Samsun NN tobacco infected with 
'IMV, with the production of an inhibitor(s) of virus replication (IVR). 

IVR inhibited virus replication in protoplasts from both local lesion-responding 
resistant, Samsun NN and systemic-responding susceptible, Samsun plants, when applied up to 
18 hr after indculation. It was not produced in protoplasts from susceptible plants nor from 
noninoculated protoplasts of the resistant cultivar. IVR was partially purified using ZnAcz 
precipitation, and yielded two biologically active principles with molecular weights of about 
26,000 and 57,000, as determined by gel filtration. Further purification of IVR with HPLC is 
in progress. Actinomycin D and chloramphenicol, which enhanced 'Mv replication when applied 
to Samsun NN protoplasts up to 24 hr after inoculation, concurrently inhibited IVR production. 

tissue disks, and replication of W in intact tobacco plants, when applied by spraying 
indicating that IVR is neither virus nor host specific. 
beeing a prerequisite for future isolation of the IVR specific m-RNA. 

Activation of the localizing mechanism by polyanions and induction of systemic resistance 
in non-invaded tissues, and their association with "pathogenesis-related proteins", hormones 
and other elicitors will be presented. 

cucumber cultivars and in tobacco infected with C W .  In the later, an uneven distribution 
of virus is evident, producing striking 
A substance similar to IVR was released from protoplasts obtained from "green island" 
tissue, giving a partial cross reaction with IVR antiserum. 

These results may open new approaches for the control of plant viruses by substances 
associated with natural resistance phenomena. 

Various observations and hypotheses concerning localization,as ultrastructural changes in 

IVR also inhibited replication of several plant viruses when applied to infected leaf 

An antiserum to IVR was obtained, 

Active defense responses are also known in several systemic infections, as in certain 

"green islands" that are resistant to reinfection. 

1418 MOLECULAR BASIS OF I H H U N I T Y  OF COWPEAS TO COWPEA MOSAIC VIRUS, George  
B r u e n i n g  and  J a n e t  L. S a n d e r s o n ,  D e p a r t m e n t  of B i o c h e m i s t r y  and  
B i o p h y s i c s ,  U n i v e r s i t y  of C a l i f o r n i a ,  Davis ,  CA 95616 

A p p r o x i m a t e l y  6 0  l i n e s  of cowpea (w a r e  d e s i g n a t e d  a 8  b e i n g  
o p e r a t i o n a l l y  immune t o  cowpea m o s a i c  v i r u s  s t r a i n  SB (CPMV-SB) a c c o r d i n g  t o  
s p e c i f i c  o r i t e r i a  ( 1 ) .  CPHV-SB r e p l i c a t i o n  i n  s e e d l i n g s  of t h e s e  l i n e s  is 
r e s t r i c t e d  so e f f e c t i v e l y  t h a t  no v i r u s  c a n  be  d e t e c t e d  by s e n s i t i v e  
i n f e c t i v i t y  and  i m m u n o l o g i c a l  assays p e r f o r m e d  s e v e r a l  d a y s  a f t e r  
i n o c u l a t i o n .  The cowpea l i n e  A r l i n g t o n  is t h e  o n l y  immune l i n e  f rom whioh 
r e s i s t an t  p r o t o p l a s t s  h a v e  b e e n  i s o l a t e d .  Compared t o  i n o c u l a t e d  p r o t o p l a s t s  
of t h e  s u s c e p t i b l e  l i n e  B l a c k e y e  5 ,  A r l i n g t o n  p r o t o p l a s t s  a c c u m u l a t e  o n l y  
a p p r o x i m a t e l y  o n e  t e n t h  t h e  amount  of CPHV-SB, w h e r e a s  p r o t o p l a s t s  o f  o t h e r  
c o w p e a  l i n e s  y i e l d  a s m u c h  or n e a r l y  a s m u c h  v i r u s .  
s e e d l i n g s  and  t h e  r e s i s t a n c e  of p r o t o p l a s t s  of A r l i n g t o n  a p p e a r  t o  b e  
i n h e r i t e d  i n  p a r a l l e l  a s  a s i m p l e  d o m i n a n t  c h a r a c t e r ,  i m p l y i n g  t h a t  b o t h  
phenomena r e f l e c t  a r e s t r i c t i o n  of v i r u s  r e p l i c a t i o n  a t  t h e  c e l l u l a r  l e v e l .  
S e v e r a l  a s p e c t s  of t h e  CPHV-SB r e p l i o a t i o n  c y c l e  i n  B l a c k e y e  5 a n d  A r l i n g t o n  
p r o t o p l a s t s  h a v e  b e e n  compared.  Two o b s e r v a t i o n s  seem moat  s i g n i f i c a n t .  The 
l e v e l  o f  (-)RNA (I.E., R N A  t h a t  is c o m p l e m e n t a r y  t o  t h e  (+) or m e s s e n g e r  
p o l a r i t y  R N A  of t h e  v i r u s  p a r t i c l e s )  i s  g r e a t l y  r e d u c e d  i n  A r l i n g t o n  
p r o t o p l a s t s ,  a n d  c a p s i d  a n t i g e n  a c c u m u l a t e s  t o  a lesser  e x t e n t ,  p e r  u n i t  of 
(+)RNA (M.C. Kiefer, 0. B r u e n i n g  and  H.L. R u s s e l l ,  V i r o l o g y ,  in p r e s s ) .  The 
g e n e t i c  and  b i o o h e m i c a l  r e s u l t s  a re  most  e a s i l y  e x p l a i n e d  by the p r o d u o t i o n  
i n  A r l i n g t o n  c e l l s  of an i n h i b i t o r  of CPHV-SB r e p l i c a t i o n .  The two genomic  
R N A s  of CPHV-SB a r e  t r a n s l a t e d  i n t o  p o l y p r o t e i n s  t h a t  a r e  c l e a v e d  t o  g i v e  
f u n c t i o n a l  p r o t e i n s .  Our w o r k i n g  h y p o t h e s i s  is t h a t  t h e  p o s t u l a t e d  i n h i b i t o r  
a c t s  on a v i r u s  s p e o i f i e d  p r o t e i n a s e  t o  r e d u c e  f o r m a t i o n  of c o a t  p r o t e i n s  a n d  
of o n e  o r  more s u b u n i t s  of a v i r u s  s p e c i f i e d  R N A  d e p e n d e n t  R N A  p o l y m e r a s e .  
We h a v e  d e m o n s t r a t e d  i n  e x t r a c t s  of A r l i n g t o n  p r o t o p l a s t s  an  a c t i v i t y  t h a t  
I n t e r f e r e s  w i t h  t h e  s p e c i f i c  o l e a v a g e  of a p r e c u r s o r  of t h e  CPHV-SB c a p s i d  
p r o t e i n s .  The d e g r e e  of i n h i b i t i o n  was d e p e n d e n t  upon t h e  amount o f  
A r l i n g t o n  p r o t o p l a s t  e x t r a c t  added .  The i n h i b i t o r  a c t i o n  was h e a t  s e n s i t i v e  
a n d  was e n h a n o e d  by p a r t i a l  f r a c t i o n a t i o n  of t h e  e x t r a c t s .  

T h e  i m m u n i t y  o f  

1. B e i e r ,  H., S i l e r ,  D.J.,- Russell, M.L., a n d  B r u e n i n g ,  0. ( 1 9 7 7 ) .  
P h y t o p a t h o l o g y  67, 917-921. 
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1419 SPONTANEOUS MUTATIONS IN MAIZE ASSOCIATED WITH VIRAL INFECTION, 
S t e p h e n  L .  D e l l a p o r t a l ,  John  P. M o t t i n g e r 2 ,  and James B. H i c k s l ,  

l C o l d  S p r i n g  Harbor  L a b o r a t o r y ,  Cold S p r i n g  H a r b o r ,  NY 11724,  2Dcpt. of 
B o t a n y ,  U n i v e r s i t y  o f  Rhode I s l a n d ,  K i n g s t o n ,  R I  02881.  

G e n e t i c  s t u d i e s  have  i n d i c a t e d  t h a t  a h i g h  i n c i d e n c e  o f  s p o n t a n e o u s  
m u t a t i o n s  is t h e  b a s i s  for t h e  v i r u s - i n d u c e d  phenomenon te rmed A b e r r a n t  
R a t i o  ( A R )  i n  maize .  We have  examined t h e  m o l e c u l a r  b a s i s  of s p o n t a n e o u s  
m u t a t i o n s  a t  t h e  shrunken l o c u s  r e c o v e r e d  from AR l i n e s  p r e v i o u s l y  i n f e c t e d  
w i t h  B a r l e y  S t r i p e  Mosiac V i r u s  and Wheat S t r e a k  H o s i a c  V i r u s .  Our r e s u l t s  
i n d i c a  te: 

( 1 )  Most m u t a t i o n s  c o n t a i n  s t r u c t u r a l  r e a r r a n g e m e n t s  o f  t h e  sh DNA which  
a r e  g e n e t i c a l l y  u n s t a b l e .  

( 2 )  D e t a i l e d  m o l e c u l a r  a n a l y s i s  o f  two sh m u t a n t s  r e v e a l  i n s e r t i o n s  
h a v i n g  c h a r a c t e r i s t i c s  of t r a n s p o s a b l e  e l e m e n t s .  

( 3 )  These  e l e m e n t s  l a c k  homology w i t h  t h e  i n c i t i n g  v i r a l  genome b u t  a r e  
p r e s e n t  a s  m i d d l e  r e p e t i t i v e  DNA s e q u e n c e s  i n  a l l  maize  l i n e s  t e s t e d .  

Our r e s u l t s  s u g g e s t  t h a t  v i r a l  i n f e c t i o n  i n  maize  may i n d u c e  genome 
r e o r g a n i z a t i o n a l  e v e n t s .  Al though t h e  i n t e r a c t i o n  between t h e  v i r u s  and 
maize  genome may be  i n d i r e c t ,  t h e  outcome of t h i s  stress p r o c e s s  IS  t h e  
a c t i v a t i o n  of t r a n s p o s a b l e  e l e m e n t s  which  c o n t r i b u t e  t o  t h e  g e n e t i c  
i n s t a b i l i t y  o b s e r v e d  i n  t h e  AR phenomenon. These  r e s u l t s  may h a v e  g e n e r a l  
i m p l i c a t i o n s  of how t h e  p l a n t  genome r e s p o n d s  t o  e n v i r o n m e n t a l  and p h y s i c a l  
d i s t u r b a n c e s .  

Plant Responses To Biological Stimuli 111 

1420 
Toxicology, U n i v e r s i t y  o f  Kentucky, Lexington, Kentucky 40506 

STUDIES OF L-CANAVANINE TOXICITY AND DETOXIFICATION I N  INSECTS, Gera ld  A. 
Rosenthal, 7.H. Morgan Schodl o f  B i o l o g i c a l  Sciences and t h e  Graduate Center f o r  

The nonpro te in  amino ac id ,  L-canavanine i s  t h e  goanidinooxy s t r u c t u r a l  analogue o f  Lsarg fn ine .  
Th is  h i g h e r  p l a n t  a l l e lochemica l  has proven t o  be an e x c e l l e n t  compound f o r  ana lyz i xg  t h e  
chemical defenses o f  h i g h e r  p l a n t s  and t h e  biochemical  mechansims employed by  i n s e c t s  t o  
d e t o x i f y  f o r e i g n  a l l e lochemica ls .  

Some o f  t h e  biochemical  bases f o r  t h e  marked i n s e c t i l i d a l  p r o p e r t i e s  o f  t h i s  nonpro te in  amino 
a c i d  w i l l  be discussed, p a r t i c u l a r l y  t h e  r e l a t i o n s h i p  o f  L-canavanine t o  i nsec tan  p r o t e i n  
syn thes i s  and t h e  fo rmat ion  and tu rnove r  o f  canavanine-containing p ro te ins .  

The Neo t rop i ca l  b ruch id  beet le ,  Car edes b r a s i l i e n s i s  p rov ides  an i d e a l  mechanism f o r  
p rob ing  and ana lyz ing  t h e  bioche+ mech-ved by t h i s  h i g h l y  success fu l  seed 
p reda to r  i n  adapt ing  t o  t h i s  p o t e n t i a l l y  poisonous a l l e lochemica l .  
adapta t ions  o f  t h i s  seed p reda to r  t o  i t s  p r i n c i p a l  food and o v i p o s i t i o n a l  resource, D ioc lea  
megacarpa, a nanavanine-laden legume, w i l l  be presented. 

The b iochemica l  
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Products Co.. 800 N. Lindbergh Blvd., St. Louis, MO 63167 

During their growth and development, plants “recognize“ a complex array of endogenous and 
exogenous environmental and biological signals which direct the appropriate developmental 
event OK the appropriate response to alleviate an applied stress. The plant response to a 
given stress usually involves a complicated matrix of metabolic shifts which work together to 
“modify“ the plants physiological status toward that stress. Even the recognition and trans- 
mital of the stress signal for a given response involves a complicated “cascade” of molecular 
events in a number of cellular compartments including the cell wall, membrane, cytoplasm and 
nucleus. This molecular cascade of recognition events is moreover apparently under complex 
regulation by factors such as the magnitude (threshold) of the stress signal. the prioritiza- 
tion of other concomitant stress or environmental signals and the developmental/cell cycle 
“permisaability” of responsiveness. 

To control such remarkably complex biological phenomena one must be able to appropriately 
model its various components, chemically monitor the critical molecular components from the 
initial signal to the physiological effect and then finally develop chemical probes of the 
system which initiate OK regulate the cascade in a highly specific manner. Feedback from such 
a “systems analysis” approach allows continued refinement of initial models and eventually may 
lead to the development of agricultural chemicals to control discrete physiological responses. 

Such models and monitors have been developed in our laboratories largely based on our early 
work in soybean phytalexin elicitation. This work and its implications will be presented as 
well as a description of our analytical monitors, our cascade regulation models and our 
systems analysis approach to plant biochemical phenomena. Finally, specific examples of 
potential regulatory molecules will be described which may ultimately find use not only as 
probes or controls for discrete plant biochemical events but also in the discrete control of 
expression of blocks of genetic information in plants. 

CHEMICAL MODIFICATION OF PLANT STRESS RESPONSES, Terrence L. Graham. B. J. Castanho 
S. J. Wratten, N. Le-Van, N. S. G. Kishore, C. C. Hodges, Monsanto Agricultural 

1422 ADAPTATION BY PLANT PATHOGENS TO INHIBITORY CHEMICALS I N  DISEASED PLANTS, Hans D. 
VanEtten, Department o f  P lan t  Pathology, Cornel l  Un ive rs i t y ,  I thaca, NY 14853. 

P lants  o f t e n  create a l o c a l i z e d  i n h i b i t o r y  environment i n  response t o  the s t ress  caused by 
m ic rob ia l  i n fec t i on .  I n  some cases microbes promote decompartmentalization and mix ing o f  
preformed p l a n t  substrates and enzymes, which produce t o x i c  compounds. 
microbes induce de novo synthesis o f  an t im ic rob ia l  compounds (termed phytoalex ins)  by 
a c t i v a t i n g  laten--nthetic pathways i n  the p lant .  

P lan t  pathogens are o f t e n  uniquely  t o l e r a n t  o f  phytoalexins and o the r  i n h i b i t o r y  
chemicals produced by t h e i r  own hosts. I n  many cases the biochemical bas is  o f  the to lerance 
i s  unknown, bu t  one c o m n  to lerance mechanism involves metabolic degradation o f  the t o x i c  
chemicals t o  l e s s  i n h i b i t o r y  products. To i l l u s t r a t e  t h i s  phenomenon and the  importance o f  
such d e t o x i f i c a t i o n  mechanisms f o r  p l a n t  pathogenesis, t he  i n t e r a c t i o n  o f  the fungal 
pathogen Nectr ia  haematococca w i t h  one o f  i t s  hosts, pea (Pisum sativum), w i l l  be discussed. 

P i s u m u r n  produces the  pterocarpanoid p h y t o a l e x i n p i s a t w e s p o n s e  t o  i n f e c t i o n  
by N.haematococca. Na tu ra l l y  occurring, h i g h l y  v i r u l e n t  i s o l a t e s  o f  the pathogen de tox i f y  
p i s z t i n  by an 0-demethylation reac t i on  catalyzed by a cytochrome P-450 monooxygenase. A 
number o f  i s o l a t e s  o f  N. haematococca which l ack  t h i s  d e t o x i f i c a t i o n  mechanism have a l so  
been i d e n t i f i e d .  A l l  Tf these i s o l a t e s  are o f  low v i ru lence  on pea. 
n a t u r a l l y  occurr ing i s o l a t e s  t h a t  do o r  do no t  demethylate p i s a t i n  i nd i ca tes  t h a t  h igh 
v i ru lence  on pea i s  always l i n k e d  t o  p i s a t i n  demethylation. 
revealed t h a t  N. haematococca i s o l a t e s  can possess more than one gene con fe r r i ng  p i s a t i n  
demethy1ation.-and t h a t  no t  a l l  o f  these genes are r e l a t e d  t o  v i ru lence.  
genes confer  a phenotype character ized by r a p i d  demethylat ion o f  p i s a t i n ,  espec ia l l y  a f t e r  
i nduc t i on  by the substrate. 
demethylation. Only the  r a p i d l y  demethylat ing phenotype i s  associated w i t h  h igh v i ru lence.  
N. haematococca i s  a l so  capable o f  performing a t  l e a s t  t h ree  o the r  monooxygenase-catalyzed 
a e t o x i f i c a t i o n  react ions on pterocarpanoid phytoalex ins produced by p lan ts  o f  which i t  i s  a 
pathogen. 
cod ingL fo r  var ious cytochrome P-450s. We hypothesize t h a t  one f a c t o r  leading t o  the 
evo lu t i on  o f  a pathogenic r e l a t i o n s h i p  between N. haematococca and P. sat ivum i s  the 
na tu ra l  se lec t i on  o f  a s p e c i f i c  cytochrome P-45’6 system t h a t  i s  e s p e F i a m p t e d  t o  
de tox i f y ing  p i sa t i n .  

In o the r  cases 

Genetic analys is  o f  

More d e t a i l e d  s tud ies have 

Some o f  these 

The other  phenotype i s  character ized by a slow r a t e  o f  

These observations suggest the ex is tence i n  t h i s  fungus o f  a fam i l y  o f  genes 
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CHBfICAL CONJUGATION AND C0MPAR"TALIZATION: PLANT ADAPTATIONS TO TOXIC NATURAL 
PRODUCTS, Eric E. Conn, Department of Biochemistry and Biophysics, University of 
California, Davis, CA 95616. 

Higher plants produce a large variety of chemically reactive, natural (secondary) 
products (1,2). These include compounds such as phenols, quinones, amines, carboxlvlic 
acids, cyanohydrins, hydroxamic acids, aldehydes, ketones, diazo compounds, terpenes and 
alkaloids. In some instances concentrations in the millimolar range represent a poten- 
tially toxic environment in which the primary metabolic processes of respiration, photo- 
synthesis and the assimilation of NH3 and H2S must occur. 
two major mechanisms for providing protection against these reactive species. The first 
is structural compartmentation whereby natural products are physically sequestered in 
specific organs (e.g., seeds, roots, leaves), tissues (e.g., epidermal layers), cells 
(e.g., resin cells, laticifers, glandular cells), organelles (e.g., vacuoles, chloroplasts) 
and extra cytoplasmic spaces (e.g., cell wall, subcuticular space). Whether the storage 
compartment is also the site of synthesis, or whether it only serves as a receptacle for 
storage of a natural product produced elsewheres, is largely unknown. 
research in this area. 

Plants appear to have at least 

There is a need for 

The second protective mechanism may be termed chemical compartmentation to describe 
the fact that numerous natural products occur in the plant as derived forms (e.g., glyco- 
sides, esters, &methyl ethers) in which their physiologically active functional group is 
masked. Many other natural products also occur as chemical conjugates (e.g., glycosides, 
esters, dipeptides) for which a physiological significance is less apparent. 
importance to chemical compartmentation are the existance and localization of enzyme(s) 
which catalyze the synthesis and catabolism of such chemical conjugates. Studies af the 
substrates utilized by these enzymes has often disclosed a high degree of specificity and 
therefore supports the concept of a role for the chemically conjugated, natural product. 

1. Secondary Plant Products, E.A. Bell and B.V. Charlwood, eds. Vol. 8 of Encyclopedia 

Of prime 

of Plant Physiology, Springer-Verlag, Berlin (1980). 

2. Secondary Plant Products, E.E. Conn, ed. Vol. 7 of The Biochemistry of Plants, a 
Comprehensive Treatise, Academic Press, New York (1981). 

Plant Genes and Their Expression in the Transformed State 

ORGANIZATION AND EXPPWSION OF DEVELOPHENTALLY REGULATED GENES IN SOYBEAN, 
Robert B. Goldberg. Department of Biology, University of California, Los 
Angeles, CA 90024. 

la4 

Soybean seed protein genes represent an excellent model for the study of gene 
regulation during plant development. 
synthesize specific seed proteins. 
insight into the molecular basis of several seed protein gene mutations. 
addition, comparative DNA sequencing studies wil1,be discussed which indicate 
that there is a short consensus sequence in the 5 upstream region of several 
different seed protein genes. 

Mutant lines exist which are unable to 
Experiments will be presented which provide 

In 
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INDUCTION OF RESISTANCE-RELATED mRNAs BY W LIGHT OR FUAGAL ELICITOE 
I N  CULTURED PLANT CELLS, Klaus  Hahlbrock, Josegh  ChapDell ,  David N. 
Kuhn, Michael Walter and Elmon Schmelzer ,  Max-Planck-Ins t i tu t  f u r  
Ztichtungsforschung, D-5000 Kaln 30 ,  and  B i o l o o i s c h e s  I n s t i t u t  I1 der 
U n i v e r s i t x t ,  D-7800 F re ibu rg , .  FRG 

W e  have  s t u d i e d  t h e  b iochemica l  resDonses o f  c u l t u r e d  p a r s l e y  cells 
( P e t r o s e t i n u m  h o r t e n s e )  t o  var ious forms of env i ronmen ta l  stress, i n c l u d i n g  
pa thogens  and  pa thogen-der ived  e l ic i tors ,  UV i r r a d i a t i o n ,  h e a t  shock ,  changes  
i n  c u l t u r e  c o n d i t i o n s ,  and v a r i o u s  combinations o f  t h e s e  t r e a t m e n t s .  Although 
ou r  major a i m  i s  t o  e l u c i d a t e  t h e  p l a n t ' s  d e f e n s e  reactions a g a i n s t  f u n g a l  and 
b a c t e r i a l  pa thogens ,  some s imi l a r i t i e s  between t h e s e  r e s p o n s e s ,  p a r t i c u l a r l y  
t o  i r r a d i a t i o n  w i t h  W l i q h t  and  t r e a t m e n t  w i t h  e l i c i t o r ,  have led us t o  
i n v e s t i o a t i n g  t h e s e  reactions i n  p a r a l l e l .  

suspens ion  c u l t u r e s  of p a r s l e y  are t r e a t e d  e i t h e r  w i t h  UV l i g h t  ( 1 )  or w i t h  a 
ce l l -wal l  f r a c t i o n  (e l ic i tor )  of t h e  fungus  Phytophthora  megasperma f .  s p .  
u l y c i n e a  ( 2 ) .  B i o s y n t h e t i c  end  ? roduc t s  are e i t h e r  f l a v o n o i d s  ( I ) ,  which are 
p robab ly  invo lved  i n  p r o t e c t i n g  t h e  p l a n t  from excess W i r r a d i a t i o n ,  or 
furanocoumar ins  ( 3 ) ,  which might  a c t  as a n t i m i c r o b i a l  a g e n t s  (Dhy toa lex ins )  i n  
t h e  p l a n t ' s  d e f e n s e  a g a i n s t  F o t e n t i a l  pa thogens .  W e  have used  c loned  cDNAs t o  
demonstrate t h a t  t h e  i n d u c t i o n  i n  bo th  cases.is due t o  t r a n s i e n t l y  i n c r e a s e d  
rates o f  t r a n s c r i p t i o n  o f  t h e  aenes encoding  t h e  r e s F e c t i v e  enzymes (4 ,5  and 
unpub l i shed  r e s u l t s ) .  D i f f e r e n t  e l i c i t o r  y e p a r a t i o n s  have  been compared, and  
t h e  r e s p o n s e s  t o  s imul t aneous  t reatments  w i t h  d i f f e r e n t  b i o l o u i c a l  or p h y s i c a l  
s t i m u l i  have been  s t u d i e d .  
1.  Hahlbrock ,  K . ,  Knobloch, K.-H. ,  K r e u z a l e r ,  F . ,  P o t t s ,  J. R. M. 8 Wellmann, 

2 .  Hahlbrock ,  K., Lamb, C.  J., Purwin, C . ,  Ebe l ,  J., F a u t z ,  E. & S c h l f e r ,  E. 

3. T i e t j e n ,  K. G., Hunkler ,  D. & Matern,  U .  (1983) Eur.  J. Biochem. 131, 

4 .  K r e u z a l e r ,  F. ,  Ragg, H . ,  Fau tz ,  E., Kuhn, D.  N.  & Hahlbrock, K .  (1983) 

5. Kuhn, D.  N . ,  Chaa?e l l ,  J . ,  Boudet,  A. & Hahlbrock, K. (1984) Proc .  N a t l .  
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Among t h e  r ecogn ized  de fense  weapons produced by p l a n t s  a g a i n s t  pa thogens  a r e  
h y d r o l a s e s  which can a t t a c k  and l y s e  t h e  c e l l  walls of t h e  i n v a d e r s ,  l i k e  
P-1.3-glucanase and c h i t i n a s e  (1). These two enzymes have i n i t i a l l y  been found 
t o  be induced  by e t h y l e n e  ( 2 ) ,  a f ac t ,  t h a t  may i n d i c a t e  a r o l e  f o r  s t r e s s  
e t h y l e n e  i n  de fense  r e a c t i o n s .  We choos? c h i t i n a s e  as a model t o  s t u d y  t h e  i n -  
d u c t i o n  of such  h y d r o l a s e s  f u r t h e r .  We c h a r a c t e r i z e d  and p u r i f i e d  a h igh ly  
a c t i v e  e n d o c h i t i n a s e  i n  bean l e a v e s  ( 3 ) .  Th i s  enzyme w a s  induced  30 fo ld  w i t h i n  
24 hours  of an  e t h y l e n e  t r e a t m e n t ,  and i t  amounted t o  more than  1 % of t h e  
t o t a l  p r o t e i n  a f t e r  i n d u c t i o n .  We found no s u b s t r a t e  f o r  c h i t i n a s e  i n  t h e  
p l a n t  i t s e l f ;  however, it r e a d i l y  a t t a c k e d  i s o l a t e d  c e l l  wal l s  of F u s a r i u m  
s o l a n i ,  a p o t e n t i a l l y  pa thogen ic  fungus ,  and i t  a c t e d  as  a lysozyme when i n -  
cubated  w i t h  Micrococcus l y s o d e i k t i c u s .  This  s u p p o r t s  t h e  n o t i o n  t h a t  c h i t i n -  
a s e  f u n c t i o n s  as a de fense  enzyme a g a i n s t  f u n g a l  and b a c t e r i a l  i n v a d e r s .  

Using immature pea  pods,  we i n v e s t i g a t e d  whether stress e t h y l e n e  p l a y s  a r o l e  
i n  t h e  i n d u c t i o n  of c h i t i n a s e  and g lucanase  upon f u n g a l  i n f e c t i o n  (F. Mauch, 
L . A .  Hadwiger and T.  B o l l e r ,  i n  p r e p a r a t i o n ) .  Fungal  i n f e c t i o n s  o r  t r e a t m e n t s  
w i t h  e l i c i t o r s  provoked a n  enhanced p roduc t ion  of s t r e s s  e t h y l e n e  and s t r o n g -  
l y  inducea  c h i t i n a s e  and @-1,3-e lucanase .  I n c u b a t i o n  w i t h  exogenous e t h y l e n e  
induced  t h e  two enzymes a l s o ,  a l b e i t  t o  a l e s s e r  deg ree  than  i n f e c t i o n .  How- 
eve r ,  when s t r e s s  e t h y l e n e  p roduc t ion  was suppres sed  by s p e c i f i c  i n h i b i t o r s ,  
t h e  t w o  enzymes were s t i l l  f u l l y  induced  a f t e r  an  e l i c i t o r  t r e a t m e n t  o r  i n -  
f e c t i o n ,  Th i s  i n d i c a t e s  t h a t  e l i c i t o r s  and e t h y l e n e  a r e  independent  s t i m u l i  
f o r  t h e  i n d u c t i o n  of c h i t i n a s e  and @-1.3-glucanase,  and t h a t  s t r e s s  e t h y l e n e  
has  no o b l i g a t e  r o l e  i n  t h i s  r e sponse  t o  i n f e c t i o n .  
I t  i s  unknown, a t  p r e s e n t ,  t o  what e x t e n t  c h i t i n a s e  and g-1 .3-g lucanase  con- 
t r i b u t e  t o  t h e  a c t u a l  de fense  p o t e n t i a l  of a p l a n t  a g a i n s t  pa thogens .  However, 
t h e i r  c o o r d i n a t e  i n d u c t i o n  by e l i c i t o r s  and pa thogens  i s  r e m i n i s c e n t  of t h e  
i n d u c t i o n  of t h e  enzymes o f  p h y t o a l e x i n  p roduc t ion ,  and may s e r v e  as a n o t h e r  
i n t e r e s t i n g  model t o  s t u d y  t h e  r e sponses  o f  p l a n t s  t o  pathogen  s t r e s s ,  
(1) B e l l ,  A . A .  (1981) Ann..Rev. P l a n t  P h y s i o l .  32, 2 1  - 81 
( 2 )  Abeles ,  F.B., Bossha r t ,  R.P . ,  Fo r rence ,  L . E . ,  Habig, W.H.  ( lY'l0) Y lan t  

The enzymes o f  phenylpropanoid  pathways are r a p i d l y  induced  when ce l l  

E. (1976) Eur. J. Biochem. 61 ,  193-206. 

(1981)  P l a n t  P h y s i o l .  67,  768-773. 

401-407. 

Proc .  N a t l .  Acad .  S c i .  USA 80 ,  2591-2593. 

Acad .  S c i .  USA 81 ,  i n  p r e s s .  

I N D U C T I O N  OF HYDROLASES AS A DEFENSE R E A C T I O N  AGAINST PATHOGENS. 
Thomas B o l l e r .  Bo tan i sches  I n s t i t u t  d e r  U n i v e r s i t a t  Base l ,  S w i t z e r l a n d  
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II'TDUCTIOM OF GLYCEOLLIV BIOSYPITHESIS IN SOYBZIL"; Hans Grisebach, 
Michael G. Hahn, Joachim Leube, Peter Moesta, Institut for Eiologie I1 
der UniversitXt, D 7800 Freiburg, FRG 

An important response of plants to infection by microorganisms is the accumu- 
lation of antibiotics called phytoalexins. Accumulation of the phytoalexin 
glvceollin in sovbean infected bv Ph to hthora me as erma f.sp. 1 cinea or 
treated with a glucan elicitor iso-h-is preczdzd by in- 
creases in the activitv of a number of enzymes includinq those involved in the 
biosynthesis of glvceollin [l]. Infection with the incompatible race 1 of 
P. meqasperma leads to a higher activity of phenylalanine ammonia-lyase [l] 
and dimethylallvlpyrophosphate : 3,6a,9-trihvdroxypterocarpan dimetbylallyl- 
transterase [2] than infection with the compatible race 3. Not all enzymes in 
the biosvnthetic pathway increase after challenge. The activity of 3-hydroxyl- 
3-methylqlutarvl Co9 reductase decreased after elicitor treatment of cotyle- 
dons or hvpocotyls. Infection leads to de novo enzyme synthesis [ll. We have 
investigated whether cANP could he involved as a second messenger in the 
plant's response to infection. While c€" could be detected in soybean hypo- 
cotvls usinq a radioimmunoassav, no correlation was ohserved between infection 
and cAErPlevels [31. Furthermore, no c9MP could be detected in soybean cell 
suspension cultures. A soecific radioimmunoassay for glyceollin I was develop- 
ed which is linear in the ranqe of 1 to 100 picomoles [ 4 1 .  This radioimmuno- 
assay permits quantitative determination of glyceollin I in 15 um microtoae 
sections of sovbean tissue. The presence or absence of funoal hvphae in these 
sections was determined using an- indirect immunofluorescent stain [5 
lations between glyceollin accumulation and extent of penetration of 
hvphae in compatible and incompatible interactions will be discussed 

1 1 1  Bnrner, H. & Grisebach, E. (1982) Arch.3iochen.Biophvs. 217, 65- 
[ 2 ]  Leuhe, J. & Grisebacb, F. (1993) 2 .  Naturforsch. z, in press. 
[3] Hahn, M . G .  & Grisebach, H. (1983) Z. Vaturforsch. m, 578-582. 
[4] Moesta, P., Hahn, M.G. & Grisebach, H. (1983) Plant Physiol. 73, 
[5] Moesta, P. E Grisebach, H. (1983) Eur.J.Cell Biol. 11, 167-16r 

. Corre- 
fungal 

1. 

in press. 

BIOCHEMISTRY OF BARRIER LAYERS ERECTED IN RESPONSE TO STRESS, P. E. Kolattukudy 
and C. L. Soliday. Institute of Biological Chemistry, Washington State University, 

Pullman, Washington 99164-6340. 

Cutin and suberin are structural components of barriers erected by plants to control 
diffusion of molecules and to protect plants against potential adverse effects of 
environmental factors. The cuticular polymer, cutin, is composed of hydroxy and hydroxy 
epoxy fatty acids derived from the common cellular fatty acids. palmitic acid, oleic acid and 
linoleic acid (1). Fungal pathogens break the cutin barrier with extracellular cutinase 
which has been purified and characterized ( 2 ) .  This enzyme uses a catalytic triad involving 
serine. histidine and a carboxyl group. It contains a single dlsulphide bridge which is 
essential for catalysis. Glucose-grown Fusarium solani pis1 can be induced to produce 
cutinase as the major extracellular protein by the addition of submilligram quantities of 
cutin hydrolysate into the medium upon depletion of glucose. Poly(A)+ mRNA from the induced 
cultures can be translated and the translation product of cutinase-specific mRNA can be 
isolated using antibodies prepared against cutinase. When cDNA prepared for mRNA from both 
induced and uninduced cultures were used to transform E. m, 74 clones were found to be 
unique to the induced cultures. From them 15 were found to contain inserts coding for 
cutinase. A near full-length cDNA insert containing 950 bp was used for nucleotide 
sequencing. The complete amino acid sequence of cutinase was deduced from the nucleotide 
sequence. About 40% of the primary structure was confirmed by amino acid sequencing of 
tryptic peptides. The serine and histidine involved in catalysis are 68 amino acid residues 
apart and are probably held in close proximity by the two cys residues involved in the 
disulphide bridge. The degree of virulence on intact plants can be determined by the level 
of cutinase production. The molecular biology of regulation of expression of cutinase gene 
will be discussed. The noncuticular barrier erected in response to changing environmental 
conditions, physiological status and biological stress appears to be suberin and associated 
waxes. The suberin polymer, probably composed of aromatic and aliphatic components, is 
attached to cell walls. Suberization is induced by abscisic acid in potato tissue slices and 
tissue culture. This hormone induces the synthesis of a suberization-specific isoperoxidase 
which has been purified. 

REFERENCES: 
1. Kolattukudy, P.E., Science 208. 990 (1980). 2 .  Kolattukudy. P .  E., Cutinases from fungi 
and pollen, & Lipases (B. BBrgstrom and H. Brockman, eds.), Elsevier/North Holland, in 
press. 

The regulation of suberization will be discussed. 
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Plant Responses To Biological Stimuli V 

COMPLEX CARBOHYDRATES REGULATE STRESS PHYSIOLOGY AS WELL AS GROWTH AND DEVELOPMENT, 1429 P. Albersheim, A.G. Darvill. K.R. Davis. S.H. Doares, D.J. Gollin, M. McNeil, J.K. 
Sharp, B. Valent and W.S. York, Chem. Dept., Campus Box 215, Un. Colorado, Boulder CO 80309 

The ability of complex carbohydrates to act as regulatory molecules is best exempli- 
fied by the hepta-6-D-g1ucopyranoside-alditol elicitor of phytoalexins isolated from the 
mycelial walls of a fungal pathogen of plants. Comparison of the structure of the elicitor- 
active hepta-6-glucoside alditol with the structure of seven similar elicitor-inactive hep- 
ta-6-glucoside alditols defined features required for activity. Such evidence established 
that the elicitor-activity depends on a highly defined structure. The elicitor-active hep- 
ta-6-D-glucoside has been chemically synthesized by a group at the University of Stock- 
holm. We have obtained conclusive proof that the chemically-synthesized and the mycelial- 
wall -derived hepta-6-D-glucopyranoside a1 ditols have identical structures and biological 
activity. The availability of milligram quantities of pure synthetic hepta-6-D-glucopyrano- 
side elicitor will allow the mechanism of action of the elicitor to be investigated in 
greater detail. Toward this end, the pure elicitor has the advantage that, unlike crude 6- 
glucan extracts, the pure elicitor does not appear to lead to cell death. The endogenous 
elicitors of phytoalexin accumulation, which are released from cell walls of plants by poly- 
galacturonic acid-degrading enzymes, have been shown to be 0-4-linked-ol igogalacturonides. 
The oligogalacturonide elicitors stimulate the synthesis of the same phytoalexins as the 
hepta-6-glucoside alditol elicitor. In fact, the oligogalacturonide and hepta-6-glucoside 
alditol act synergistically, requiring less of each to stimulate phytoalexin accumulation 
when applied together. It will be possible, with the two pure elicitors, to determine 
whether genes encoding the same or different isozymes are activated. Another fragment of 
plant cell walls which is able to stimulate the death of plant cells may be involved in 
activation of the hypersensitive resistance response of plants, the most widely observed 
mechanism of defense against microbial and viral pathogens. Enzymes secreted by the rice 
blast pathogen, Pyricu1a;ia "f'"zae,, can stimulate the release of the cell death-inducing 
fragment. Another examp e o a p ant cell wall fragment capable of regulating a physio- 
logical process is a specific nonasaccharide fragment of xyloglucan, a hemicellulose of 
monocots. dicots, and gymnosperms. A concentration of M o r  less of this fragment in- 
hibits auxin-stimulated cell elongation in pea stem segments. Complex carbohydrates are 
also active regulatory molecules in animal systems, although evidence has not yet been ob- 
tained that their regulatory properties are mediated by regulation of gene expression. 
Nevertheless, the ability of complex carbohydrates to control physiological processes in 
plant and animal systems has established that canplex carbohydrates are an important class 
of regulatory molecules. Supported by DOE Contract No. DE-ACD2-76-ER01426. 

INDUCTION BY ELICITORS AND ETHYLENE OF PROTEINS ASSOCIATED TO THE DEFENSE OF PLANTS, 
Marie-Therese Esquerre-Tugaye, D. Mazau, B. Pelissier, D. Roby, D. Rumeau, and 
A. Toppan, Centre de Physiologie Vegetale-LA 241 CNRS; Universite Paul Sabatier, 

ld30 

Toulouse 31062, France. 
Plants respond to environmental stress by producing signals which, in turn, regulate 

the genome activity. In plant-microorganism interactions, the increased synthesis of ethylene 
and of a number o f  proteins are among the responses reported in the literature. Some of these 
proteins are associated to the defence o f  plants and can be also induced by treatment with 
ethylene (1). This has led to the hypothesis that ethylene might be one of the signals invol- 
ved in their induction in infected plants. 
In this lecture, we will reoort on the induction of three proteins whose levels are increased 
upon infection : cell wall hydroxyproline-rich glycoprotein (HRGP), chitinase and proteolytic 
inhibitors. It will. be demonstrated that elicitors, either of fungal or of plant origin, 
induce both the synthesis of ethylene and of the three proteins. The inhibition of ethylene 
in infected plants (2) as well as in elicitor-treated plants, correlates with a decreased in- 
duction of these proteins. The role of ethylene as a possible signal will be discussed. 
This work provides a further model for studying at the molecular level, the regulation of 
proteins associated to the plant defense. 
( 1 )  M.T. Esquerre-Tugaye, C. Lafitte, 0. Mazau, A. Toppan and A.  Touze 1979 Cell surfaces 

in plant-microorganism interactions. 11. Evidence for the accumulation of hydroxyproline- 
rich glycoproteins in the cell wall of diseased plants as a defense mechanism. Plant 
Physiol. 70 : 320-326. 

(2) A. Toppan, D. Roby, M.T. Esquerre-Tugaye 1982 Cell surfaces in plant-microorganism 
interactions. 111. In vivo effect of ethylene on hydroxyproline-rich glycoprotein 
accumulation in t h e m a 1 1  diseased plants. Plant Physiol. 70 : 82-86. 
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PECTIC FRAGMENTS REGULATE THE EXPRESSION OF PROTEINASE INHIBITOR GENES IN TOMATO 
PLANTS. 
Biophysics Program, Washington State University, Pullman, Washington 99164 

Clarence A. Ryan, Institute of Biological Chemistry and Biochemistry/ 

Wounding of leaves of tomato, potato and alfalfa plants by chewing insects or by other 
mechanical injury releases a signal that is systemically transported throughout the plants, 
but mainly acropetally, where it initiates the expression of proteinase inhibitor genes in 
the unwounded distal leaves (1 ) .  The signal, called the Proteinase Inhibitor Inducing 
Factor, PIIF, has been associated with pectic fragments that are released from wounded 
tissues, apparently by the enzymic fragmentation of the plant's cell walls by endogenous 
polygalacturonase activity ( 2 , 3 ) .  Pectic fragments (PIIF) have also been found to elicit 
localized synthesis of antifungal phytoalexins in castor bean (4 ) .  soybean (5) and pea 
tissues (6). indicating that plant cell wall fragments may be general signals to activate 
genes involved in plant protection. cDNAs prepared from mRNAs of two wound-induced 
proteinase inhibitors from tomato leaves have been cloned and characterized (71.. These 
cDNAs have been used as probes to isolate genomic clones from potato and tomato gene 
libraries and to study specific inhibitor mRNA levels in leaves of wounded tomato plants. 
The techniques, strategies and results of these experiments will presented and discussed. 

REFERENCES 
1. 

2.  

3.  

4 .  Bruce, R.J. and West, C. Plant Physiol 69,  1181 (1982). 
5 .  
6.  
7 .  

Ryan, C.A. &Variable Plants and Herbivores in Natural and Managed Systems. 
and M. McClure) Academic Press pp. 43-60 (1983).  
Ryan, C.A., Bishop, P., Pearce. G.. Darvill, A., McNeil, M. and Albersheim, P. Plant 
Physiol. 686, 16 (1981).  
Bishop, PZMakus. D.J.. Pearce, G. and Ryan, C.A., Proc. Natl. Acad. Sci. (USA), 78, 
3536 (1981).  

Hahn, M.. Darvill, A. and Albersheim. P y  Plant Physiol. 68, 1161 (1981).  
Walker-Simmons, M., Hadwiger. L. and Ryan, C.A., B.B.R.C.-i 194 (1983).  
Graham, J., Okita.T., Pearce, G., Marryweather, J.. Titani, K., Walsh, K. and Ryan C.A.. 
Fed. Proc. 42 1953 (1983). 

(B. Denno 

1432 THE ROLE OF PECTIC FRAGMENTS OF THE P F T  CELL WALL IN THE RESPONSE TO BIOLOGICAL 
STRESSES, Charles A. Nest, Robert J. Bruce, Donald F. Jin, August0 F. Lois, and 

Karen A. Wickham, Department of Chemistry and Biochemistry, University of California, LOS 
Angeles, CA 90024. 

Three lines of investigation have implicated pectic fragments derived from the plant 
cell wall as mediators during the elicitation of stress metabolites in higher plants by 
biological agents. (i) Fragments released from pectic materials of the cell wall by the 
action of a fungal endopolygalacturonase serve as heat stable elicitors of casbene synthetase 
activity in castor bean seedlinqs(1). (ii) Partial acid hydrolysis of cell wall preparations 
releases endogenous elic,itors of qlyceollin production in soybean tissues(2). The most 
active component with endogenous elicitor activity released from citrus pectin was identified 
as dodeca-a-l,4-D-galacturonide(3). (iii) The activity of proteinase inhibitor inducing 
factor (PIIF) released by wounding of tomato leaves has been shown to reside in pectic sub- 
stances of the cell wa11(4,5). Unpublished results from our laboratory indicate that either 
Rhizpous stolonifer endopolygalacturonase or pectic fragments can also elicit phytoalexin 
production in other plants. These results suggest that pectic fragments released from the 
endogenous cell wall of a plant may participate generally as initiators of metabolic re- 
sponses to stresses that result in degradation of the cell wall. 

Partial digestion of polyqalacturonic acid with 5. stolonifer endopolygalacturonase 
produces a mixture of a-l,4-D-galacturonide oligomers that are separable into size classes 
by DEAE Sephadex A-25 anion exchange chromatography. The nonamer is the smallest unit with 
casbene synthetase elicitor activity in the castor bean seedling bioassay; trideca-a-1.4-D- 
galacturonide was the most active of the oligomers tested. Methyl-esterification of the 
oligomers greatly diminishes their elicitor activity. 

14utants of Asgergillus niger lacking detectable extracellular endopolygalacturonase have 
been obtained by W irradiation. The importance of this extra-cellular enzyme for elicita- 
tion of casbene synthetase activity in castor bean seedlings is being investigated with these 
mutants in comparison with wild type strains that produce the enzyme. 
(1) R.J.Bruce and C.A.West. Plant Physiol.69:1181-88 (1982). 
(2) M.F.Hahn, A.G.Darvil1 and P.Albersheim. Plant Physio1.68:1161-69 (1981). 
( 3 )  E.A.Nothnage1, M.McNei1, P.Albersheim and A.Dell. Plant Physiol.71:916-26 (1983). 
(4) C.A.Ryan, P.Bishop, G.Pearce, A.G.Darvil1, I.I.McNei1 and P.Albersheim. Plant Physiol.68: 

( 5 )  P.D.Bishop, D.J.Makus, G.Pearce and C.A.Ryan. Proc.Nat1.Acad.Sci.USA 78:3536-40 (1981). 
616-18 (1981). 
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Environmental Stresses I 

1433 LOSS IN CHLOROPLAST ACTIVITY AT LOW LEAF WATER POTENTIAL S IN SUNbLO WER: 
THE SIGNIFICANCE OF PHOTOINHIt3ITION, Robert E. Sharp and John S. Boyer, University o f  
Ill inois and USOA/ARS, Grbana, IL 61801 

It has been proposed that loss in chloroplast act ivi ty a t  low leaf water potentials (Ip ) may result from 
photoinhibition caused at  least in part by low intercellular CO2 concentrations 7Ci) accompanying 
stomatsl closure. We investigated this possibility in soil-grown sunflower using gas exchange techniques. 
Af ter  withholding water, two  light treatments were imposed. Leaves received either exposures to  a low 
photon f lux density (40 pmol photons.m-2 or potentially photoinhibitory exposures to  a high flux 
density (6  h a t  2000 umol photons.m-2.s-l). The rate o f  development of  low Y w  was similar during 
both treatments. Detarminations were made of the quantum yield of photosynthesis and the light- and 
C02-saturated rate o f  photosynthesis following these daily l ight treatments. Under high light, C i  a t  
high Yw was 200 ppm. As Yw decreesed, C i  fel l  t o  a minimum o f  100 ppm before increasing t o  more 
than 200 ppm at  s Yw of  approximately -20 bars. Despite the fluctuations in Ci, the measurements of  
quantum yield and o f  light- and Cog-saturated photosynthesis indicated that the response of chloroplast 
act ivi ty t o  low Yw was similar in the high and low light treatments. The sensitivity o f  the chloroplast 
response was also similar when the high l ight treatment was imposed while the leaf was maintained at  the 
CO2 compensation point. This study thus shows that, in sunflower, photoinhibition is of l i t t l e  
consequence to  the loss in chloroplast act ivi ty a t  low leaf water potentials. 

WiCUNISMS OF ACCLIMATION OF PHOTOSYNTEESIS TO Low LEAF WATER POTENTIALS, 
H.A. Xatthews and John S. Boyer, University of Illinois, Urbana. IL 61801 

Photosynthesis is leas sensitive to low leaf water potential ( J I )  in plants which have 
received water deficit pretreatments. The mechanism of this acclimation was investigated 
in Bunflower (Helianthus annuus). 
similarly to more negativeJIvhether the pretreatment was a continual. mild soil water de- 
ficit or a series of more severe drying cycles. The acclimation was evident whether photo- 
synthesis was expressed on a dry weight, chlorophyll. or leaf area basis. Analysis of the 
CO.-response of photosynthesis at low$ showed that the acclimaton was due wre to the main- 
t&e of chloroplast activity that to altered diffusive resistance at low $. The rate of 
photosystem XI electron transport was greater in chloroplasts isolated from acclimated leaves 
than from controls at similar low $I. The maintenance of chloroplast activity at low JI by 
acclimated plants was aaaocietedfiith an increase in total solute content of leaves (osmotic 
adjustment) and a decrease in Hg 
synthesis was less sensitive to low leaf solute potential in acclimated plants than in con- 
trols. 
leaf solute potential similarly in acclimate& and control plants. 
resulted in acclimated leaves havinga higher relative water content than controls at 

The response of photosynthesis to decreasing @was 'shifted 

content which occurred during the pretreatment. Photo- 

When o m t i c  adjustment was eliminated by shading. photosynthesis responded to low 
The osmotic adjustment 

similar low $. 

105 W R  S m  tFFECTS 0 VARIOUS COMPONENTS.OF PHOTOSYNTHETIC CAPACITY OF INTACT LEAVES, 
Thomas 0. 3 h a L i i  C. L r r y  Osmnd, B lo lo  i ca l  Sciences Center, Desert Research 
I n s t i t u t e .  P.O. x 60220. Reno. Nevada 89506 

Whereas photosynthesis of cells and chloroplasts only responds to severe osmotic stress 
(below -15 bar) leaf photosynthesis is inhibited when leaf water potential is reduced by mild 
atmospheric or soil water stress (-10 bar). 
function of intercellular Cot pressure and light allow identification o f  the contributing 
biochemical responses. 
reduces the light and COS saturated rate of leaf photosynthesis. 
sunlight, quantum yield is also reduced. 
the CO. limited rate of leaf photosynthesis. 
interpreted as follows: 
( 1 )  water s t ress  i n i t i a l l y  reduces the  capaci ty  f a r  RuBP regeneration, espec ia l l y  dur ing 
s t ress  i n  f u l l  sun l i gh t  when quantum y i e l d  is reduced and/or 
( 2 )  water s t ress  reduces the  u t i l i z a t i o n  of  t r i o s e  phosphates, so t h a t  ch lo rop las t  metabolism 
becomes phosphate l imi ted;  
( 3 )  longer term responses o f  leaf  photosynthesis t o  water s t ress  presumably invo lve reduct ion 
i n  many components of t h e  photosynthetic apparatus, inc lud ing reduct ion i n  RuBP carboxylase 
and e lec t ron  t ranspor t  a c t i v i t i e s  through reduced synthesis o r  accelerated degredation. 

Analysis of intact leaf photosynthesis as a 

In mesophytic C, crop plants and weeds mild water stress initially 
When stress occurs in full 

Subsequent prolonged or more severe stress reduces 
In molecular terms, these chanqes can be 

ugh respenses may differ between species and with the conditions under which water 
experienced, progres? in the interpretafion of the potential rate, and the stability, 
eaf WJS in m o w l a  r terms is esse ntial. 
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HE MOLECULAR BASIS OF LIGHT DAMAGE TO CHLOROPLAST MEMBRA NES. 
had and Charles J. Arntzen. MSU-DOE Plant Research Laboratory, Michigan State 

David 3. Kyle, ItzhaK 

lG6 k iversity. East Lansing M I  48824, and Department of Biological Chemistry, Hebrew I ~ -University, Jerusalem, Israel .  

High l ight s t ress  results in a loss of photosynthetic capacity in higher plants and algae 
mown as photoinhibition. Indeed, moderate l ight intensit ies may enhance damage potentiated 
iy other environmental stresses such as chil l ing,  overheating and drought. A f i r s t  strategy 
:o overcome overexcitation of the photosynthetic membrane i s  a biochemical modification of 
the reaction center allowing a non-damaging deexcitation to  occur. Protein phosphorylation 
-esults in both an increase in excitation energy transfer from PS I1 t o  PS I as well as an 
increased back reaction crcling around PS 11. If th i s  modification i s  unable to  handle the 
!xcess light load, damage i s  imninent. 
:he destruction of t h e  32 kilodalton apoprotein of the secondary acceptor of photosystem I1 
:PS 11). The protein damage may be a consequence of the generation of an oxygen radical by 
:he semiquinone anion radical which i s  formed as an intermediate step in electron transport 
:hrough the secondary acceptor complex. 
:hloroplast directed protein synthesis. 
r i l l  occur when the ra te  of damage to th i s  protein exceeds i ts  ra te  of repair. 
:an be affected by any environmental influence on the ra te  of protein synthesis ( i . e .  
:emperature) or the ra te  of protein damage ( i . e .  light intensity, or availabil i ty of the 
ierminal acceptor of electron transport) .  

The primary process of light-induced damage involves 

Repair of the photoinhibition damage requires 
4 loss of the 'overall plant photosynthetic capacity 

This balance 

1437 INACTIVATION BY HIGH LIGHT OF PHOTOSYSTEH I1 REACTION CENTRE FUNCTION, Robyn E. 
Cleland and Christa Critchley, Botany Department, Australian National University, 
Canberra A.C.T. 2601, Australia. 

The e f fec t  of h i g h  l igh t  intensity on isolated spinach thylakoids and 02 evolving particle 
(OEP) preparations was examlned. Inactivation of PSII electron transport i n  thylakoids or  
OEP exposed to excessive 1 i g h t  was time-dependent and proceeded exponenti a1 ly  when FeCN and 
DHQ were used to  assay activity a f t e r  treatment. 
silicomlybdate, however, decreased l inearly w i t h  time of h i g h  l igh t  treatment. 
polyacrylamide gels revealed the loss of 2 minor (63 and 47 kd) and the reduction of 1 major 
(55kd) polypeptide from the OEP a f t e r  photoinhibitory treatment. The variable component of 
room temperature chlorophyll a fluorescence, measured a t  690nm. decayed i n  parallel w i t h  02 
evolution i n  both thylakoids Znd the OEP exposed to  high l ight s t ress .  Fluorescence yields 
m i n e d  low i n  photoinhiblted Samples even a f t e r  additions of DCMU o r  dithionite o r  when 
measured a t  770K. 
photoinhibition. We propose tha t  this quencher-is a modified form of QA, the f i r s t  stable 
electron acceptor of PSII, the modification resulting from either attack by a hydroxyl 
radical w i t h  subsequent hydroxylrtion o r  a reaction between QA and a thiol group on the 
polypeptide to  which i t  i s  bound. In e i ther  case the redox potential of the quinone would 
be altered preventing electron transport, i t s  capacity to  quench fluorescence would be 
increased and associated polypeptides affected. 

The ab i l i ty  of thylakoids to  reduce 
SDS- 

This suggests tha t  a very e f f ic ien t  fluorescence quencher is generated by 

1- ' 
Biology and Molecular Bio logy  I n s t i t u t e ,  UCLA, L.A., C a l .  90024 

S.,Wnna species are e x c e l l e n t  organisms w i t h  which t o  s t u d y  t h e  direct  
e f f e c t s - o f  l i g h t ,  t empera tu re  and o t h e r  stresses on h i g h e r  p l a n t s .  The 
o rgan i sm ' s  s h o r t  g e n e r a t i o n  t i m e  on d e f i n e d  media,i ts  a b i l i t y  t o  grow i n  
t h e  d a r k  on s u c r o s e  supplemented  media, and its ease o f  f r a c t i o n a t i o n  make it 
a p a r t i c u l a r l y  u s e f u l  h i g h e r  p l a n t  t o  s t u d y  t h e  e f f e c t s  w i t h  b iochemica l  and 
molecular b i o l o g i c a l  t e c h n i q u e s .  W e  arb growing Gibba u n d e r  v a r i o u s  
l i g h t  i n t e n s i t i e s  and q u a l i t i e s .  W e  are examining  t h e  p m s  r e sponse  w i t h  
r e s p e c t  t o  a )  t h e  p igmen t -p ro te in  c o g p o s i t i o n s  o f  t h e  p h o t o s y n t h e t i c  a p p e r a t u s  
and b) t h e  r e l a t i v e  p r o p o r t i o n  o f  each  p o l y p e p t i d e  i n  t h e - . c h l o r o p l a s t ' s  stroma 
and t h y l a k o i d  compartments.  I n  p a r t i c u l a r  we are i n t e r e s t e d  dn  t h e  effects 
o f  stem on t h e ' c h l o r o p h y l l  a and 
system I and photosyat,erp T I . -  Thehe have  Been r e s o l v e d  by an  e l e c t r o p h o r e t i c  
p rocedure  whrfifch r e t a i n s  e s s e n t i a l l y  a l l  t h e  c h l o r o p h y l l  w i t h  t h e  p r o t e i n  it 
is a s s o c i a t e d  w i t h  i n  t h e  i n t a c t  aemBrane. The r e l a t i v e  p r o p o r t i o n s  o f  t h e  
f o u r  a p o p r o t e i n e  o f  t h e  LCHII c h l o r o p h y l l  &/b p r o t e i n  seem t o  respond t o  
changes  in w h i t e  l i g h t  i n t e n s i t y .  I n  a d d i t i o n ,  h i g h  l i g h t  i n t e n s i t i e s  are 
somewhat i n h i b i t o r y  t o  t h e  s y n t h e s i s  (OF s t a b i l i t y )  o f  PSI and PSII core 
c h l o r o p h y l l  5 - p r o t e i n  ( i . e .  CPI,  CPIIT, and CPIV). 

USE OF LEIWA GIBBA TO STUDY LIGHT STRESS EFFECTS ON HIGHER PLANT 
b H O T o S Y N T H ~ N ~ T U S  Gary P e t e r  and J .  P h i l i p  Thornber  Dept . of  

c o n t a i n i n g  p r & e i n  complexes o f  photo- 
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PHOTOINHIBITION OF PHOMSYNTHESIS INDUCED BY ENVIRONMENTAL STRESS, Stephen Powles, 1439 Waite Agricultural Research Institute, The University of Adelaide, South Australia. 
Photoinhibition of photosynthesis CM occur as one response to the imposition of water, low 
twprature. high temperature or nutrient stress. 
interaction btween incident sunlight and a stress factor to damage photosynthetic reactions 
which does not occur as a response to eitkr sunlight or the stress factor alone. 
in photoinhibition appears centered within, or very close to, the photosynthetic reaction 
centers with widely varying studies identifying a similar lesion site. 

Specific examples of the occurrence of photoinhibition induced by telaperature stress iiow or 
high temperature), water stress, carbon stress and nutrient stress.wil1 be presented. 
Consideration will be made of mechanisms to avoid photoinhibition damage. 

Photoinhibition is the result of an 

The damage 

1440 TXE EFFECT OF LIGHT ON THE EXPRESSION OF THE FLAVONOID-SPECIFIC CHALCONE SYWTHASE.GENE IN 
FLOWERS OF PETUNIA, J.N.M. MOl*, A.G.M. Gerats, H.J. Reif", F. Kreuzaler- and T. Veltkamp* 

*Dept. of Genetics, Free University, Amsterdam, The Netherlands. " Bayer AG, Leverkussen, 
FRG. - Max-Planck-Institut fiir ZBchtungsforschung, Cologne, FRG. 
Flowers of the Petunia mutant Red Star are uniformally coloured in dimmed light but develop 
alternating coloured and white sectors upon illumination. From enzyme measurements and 
Western blotting experiments, using specific antibodies, it is concluded that chalcone 
synthase (CHS) , the key enzyme of flavonoid biosynthesis is absent in white segments of Red 
Star flowers. Northern blotting analysis using CHS cDNA reveals the presence of CHS mRNA in 
coloured sectors but not in white sectors. This indicates that transcription of the CHS locus 
is suppressed. Analysis of the CHS pronotor region in the different tissues and gene transfer 
studies using chimeric genes (CHS promotor + selectable marker) may elucidate the active com- 
ponents of the CHS promoter (methylation, rearrangements etc.?). Such an analysis is in 
progress. 

1401 A PRYSIOLCGICAL BASIS FOR PHOTOINHIBITION AT CHILLING TEMPERATURES IN RICE, 
Benjamin A. Moll and Katherine E. Steinback. Advanced Genetic Sciences, Inc., 
Oakland, CA 94608 

A characteristic feature of photoinhibition at chilling temperatures is damage t o  
Photosystem I1 (PSIIT). Analysis of room temperature and low temperature fluorescence in 
whole leaves or isolated chloroplasts of sensitive plants subjected to chilling 
temperatures has led to  a general characterization of the site of damage at or very near 
the reaction center itself. 
chilling damage in rice. 
tolerant plant. indicated that rate limitations caased.by low temperature were comparable 
in both plants and thus not the basis for the differential photoinhibitory damage in 
rice. 
and barley indicated that chilling temperatures did not interfere with modulation of 
energy distribution by this mechanism in either plant. 
State change response at low temperature was observed. suggesting increased excitation 
energy arriving at PS 11. 
show changes with chilling independent of State changes brought about by protein phosphory- 
lation. These studies suggest that the cause of chilling sensitivity in rice is an 
increased energy transfer to PS I1 at chilling temperatures. 

We have investigated the physiological basis of this 
Analysis of oxygen evolution in rice and barley. a chilling 

Analysis of State change characteristics due to protein phosphorylation in rice 

However, in rice. an enhanced 

Both in vivo and in vitro studies of fluorescence characteristicq 

COLLIGATIVE AND NON-CDLLIGATIVE FREEZING DAMAGE TO THYLAKOID MEMBRANES 
JUrgen M. Schitt, Jutta E. Schmidt, Ulrich Heber and Dirk K. Hincha, Botanisches 
Institut der Universitat, D-87 Wurzburg. FRG. 

When spinach thylakoid membranes were frozen in vitro in solutions containing constant molar 
ratios of cryotoxic to cryoprotective solute, maintenance of functional integrity stronaly 
depended on initisl osmolarities. ODtimum cryopreservation of photophosphorylation was ob- 
served if the membranes were suspended in solutions of intermediate osmolarities (approxima- 
tely 100 mM NaCl, 150 mM sucrose). Both higher and lower initial osmolarities were found to 
result in decreased cryopreservation. During freezing, proteins dissociated from the mem- 
branes, and the amount of the released proteins was correlated linearly with inactivation of 
photophosphorylation. The electrophoretic pattern of proteins released at low initial omo- 
larities differed from that released at high initial osmolarities. Cryopreservation was also 
found to depend on membrane concentration. Concentrated membrane suspensions suffered less 
inactivation than dilute suspensions. When thylakoids were frozen in solutions containing low 
concentrations of NaCl (2 mM), the ratio of sucrose to salt necessary to give full protection 
was high (up to 50). When the salt concentration was high, much lower ratios were sufficient 
for maintaining membrane integrity. In the absence of salt, more than 100 mM sucrose were 
needed for full cryopreservation of the membranes. It is proposed that damage at low initial 
osmolarities is caused predominantly by mechanical stress, probably by osmotic contraction/ex- 
pansion. Damage at high initial osmolarities is thouaht to be basically colligative but in 
addition is influenced by the final volume of the unfrozen solution in coexistence with ice. 
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1443 THE BASIS OF THE CHLOROPLAST LOCALIZED INHIBITION OF PHOTOSYNTHESIS 
Mx TO CHILLING TEMPERATURES, Donald R. Ort, Bjorn Mart in and Chuan Kee, Department 

o f  Plant Biology, USDA/ARS, University o f  Illinois, Urbana, IL 61801 

Exposure o f  tomato plants in the dark t o  cool temperatures (l°C for 16 h) resulted in a large inhibition in 
the rate of  light- and Copsaturated photosynthesis. However, a t  low light intensity, the inhibition was 
no longer evident and the absolute quantum yield of CO2 reduction and of  photosystem I1 electron flow 
was barely affected. These and other data demonstrate that inhibition o f  photosynthesis brought on by 
exposure t o  low temperature in the dark i s  I )  largely attributable to chill-induced malfunction of  
biochemical processes in the chloroplast but 2) is not accounted for by impaired PSI1 capacity. On the 
other hand, the simultaneous exposure of  tomato plants to  low temperature and bright light does result in 
significant inhibition o f  photosystem I1 activity. The recovery o f  photosynthesis subsequent t o  low 
temperature exposure in the dark is largely completed within 24 hrs after return to  room temperature but 
is prevented by exposure to  high intensity illumination. 

A N A L Y S I S  O F  C O L D  A C C L I M A T I O N  A N D  F R E E Z E  I N J U R Y  I N  S P I N A C E  
TakLAxoIDs, K. Nie8i and J. Carter, Univ. of Minn, st. Paul, nu 55108 1444 

Ther8al analysis by Differential Scanning Calorimetry of thylakoids fro8 
nonhardened and cold-hardened spinach reveals 8ajor differences, due to cold 
accli8ation. in the nurber of endotherrs found in the tbylakoid re8brane and 
the te8perature at which they occur (Plant Physiol. B r S 9 6 ,  1983). Irrever- 
sibility of a l l  endother8s i8plicates protein involve8ent. PAGE analysis is 
currently underway to determine whether changes in thermal properties of the 
thylakoid ae8brane caused by c o l d  accli8ation are due t o  synthesis Of dif- 
ferent proteins or to post-translatiomal modification of existing proteins. 
PAGE analysis is also being done to identify which polypeptides are denaturing 
in the various endother8s. 

Varying responses of thylakoids to & and in vitro freezing were also 
found. Cold-hardened thylakoids are 8uch less affected by freezing. Indivi- 
d u a l  endotherms display different responses to the freezing regime. Some 
cndothcrms are absent fro8 the ther8ogra8s following the freeze indicating 
denaturation of a 1 1  proteins involved in that endother.. Other endother8s are 
not markedly changed by freezing. Again, electrophoresis is being conducted 
to identify the proteins involved in the endother8s displaying the differen- 
tial response to the freezing stress. 

1445 TEIRCH FOR AN ENDOTHERM I N  CHLOROPLAST LAMtLLAR C H I L L m -  
INHIBITION OF PHOTOSYNTHESIS. P. S. Low, D. R. O r t .  W. A. Cramer, J .  Whitmarsh and 
B. Mart in, Depts. o f  Chemistry and B io log i ca l  Sciences, Purdue Univ., W. Lafayette, IN 
47907 and Dept. o f  P lant  Biology and USDA/ARS, Univ. o f  I l l i n o i s ,  Urbana, I L  61801 

The phase t r a n s i t i o n  o f  ch lo rop las t  l ame l la r  membrane l i p i d s  has been proposed t o  be the 
under ly ing cause o f  ch i l l i ng - induced  i n h i b i t i o n  o f  photosynthesis i n  sens i t i ve  p lants .  We 
have used d i f f e r e n t i a l  scanning ca lor imetry  t o  search f o r  any endotherms a r i s i n g  from l i p i d  
s t a t e  changes i n  ch lo rop las t  l ame l la r  membranes o f  t he  c h i l l i n g - s e n s i t i v e  p lants ,  cantaloupe, 
kidney bean, domestic tomato and soybean. For conparison, c a l o r i m e t r i c  scans of ch lo rop las t  
l ame l la r  membranes'from the c h i l l i n g - i n s e n s i t i v e  p lants ,  spinach, pea, and w i l d  tomato were 
made. A l a r g e  reve rs ib le  endotherm, extending from below 10" t o  near ly  40°C. was observed i n  
ch lo rop las t  membranes from tomatoes o f  both c h i l l i n g - s e n s i t i v e  (L  co ers icon esculentum M i l l .  
cv. Floramerica) and c h i l l i n g - i n s e n s i t i v e  (Lycopersicon hirsutum-ecies. A much 
smaller endotherm, approximately 5 t o  10% o f  the area o f  t h a t  seen i n  the  two tomato species, 
and extending over a s i m i l a r  temperature range. was detected i n  ch lo rop las ts  from c h i l l i n g -  
i nsens i t i ve  spinach and peas, and a l so  was genera l ly  observed i n  ch lo rop las ts  from c h i l l i n g -  
sens i t i ve  cantaloupe, kidney bean and soybean. 
i n d i c a t e  tha t ,  i f  the endothenn arose e n t i r e l y  from a l i p i d  t r a n s i t i o n  then they corresponded 
t o  the me l t i ng  o f  less than 8% o f  the t o t a l  membrane po la r  l i p i d .  On t he  bas is  o f  these data 
we conclude t h a t  there i s  no c o r r e l a t i o n  between c h i l l i n g - s e n s i t i v i t y  o f  photosynthesis and 
the presence o r  absence o f  a phase t r a n s i t i o n  o f  bu l k  membrane l i p i d s  o f  the ch lo rop las t  
l ame l la r  membrane a t  t emera tu res  above 5'C. 

The enthalpy o f  these smal ler  endothenns 
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1446 CHLOROPLAST BIOGENESIS AT COLD-HARDENING TEMPERATURES AFFECTS THE DEVELOPMENT OF 
PHOTOCHEMICAL ACTIVITY AND THYLAKOIO MEMBRANE ASSEMBLY, M. Krol  and N. Huner, Oept. 

An inves t i ga t i on  o f  t he  e f f e c t s  o f  cold-hardening temperatures on ch loroplast  
m t  Sciences, Univ. of Western Ontario, London, Canada N6A 587. 

biogenesls was i n i t i a t e d .  Puma rye seeds were geminated i n  ve rm icu l i t e  and kept i n  the  dark 
f o r  5 days a t  2OpC or  21 days a t  5'C a f t e r  which the  e t i o l a t e d  seedlings (ES) were 
t rans fe r red  t o  continuous l i g h t  a t  e i t h e r  5' or 20°C. 
E$ exhib l ted P S I  a c t i v i t y  a f t e r  1 h r  whlch increased 10-fold a f te r  2-3 hr. During t h i s  t i ne ,  
PSI1 a c t i v i t y  was undetectable and ch lorophyl l  accumulation was I n  I t s  l a g  phase. After 3 hr  
i n  t h e  l i g h t ,  t he  r a t e  of ch lorophyl l  accumulation increased and PSII a c t i v i t y  increased t o  a 
maximum steady-state l eve l  l eve l  a f te r  6 hr. However, P S I  a c t i v l t y  decreased dur ing t h i s  
t ime per iod t o  a steady-state a f te r  30 hr i l luminat ion.  The 5' ES exhib i ted s i m i l a r  k i n e t i c s  
f o r  the  development of PSI  and PSII a c t i v i t i e s  a t  2OOC. Thus. t he  development of P S I  
a c t i v i t y  d i d  not  p a r a l l e l  ch lorophyl l  accumulation dur ing i l l u m i n a t i o n  a t  2OOC. In  contrast  
Po g-eni g a t  C, t l development o f  PSI a c t i v i t y  a t  5°C ES a r e l l e d  ch lorophyl l  
rccumulatron wt$'niaxikad a c t i v i t y  occurr ing a f te r  80 hr. PSI IPac t i v i t y  was detectable only 
a f t e r  24 hr and increasedl to  a maximum a f t e r  40 h r  i n  the  l i g h t .  
s i m i l a r  k i n e t i c s  for PSI and P S I I  development a t  5'C except t h a t  P S I  and PSII a c t i v i t y  was 
s i g n i f i c a n t l y  lower. We conclude t h a t  t hy lako id  rnmbrane assembly i s  s l g n l f i c a n t l y  a l t e red  
dur ing growth and development a t  low temperature and t h a t  greening of 20° ES a t  5'C may be 
more s t ress fu l  than greening o f  5' ES a t  20Y. 

During i l l u m i n a t i o n  a t  2OoC, the  20' 

The 20' ES exh ib i t ed  

SHE= ACCLIMTIOW OF PHOTOSYNTHESIS IN ARCTIC PUNTS MONITORED BY GAS ANALYSES, la7 LIPID ANALYSES, VBOLE LEAF FLUORESCENCE AND BPI-FLUORESCENCE FROM SINGLE CELLS. 
W. Raymond Cumins. Bruce T. Mawaon, and Stephen E. Jones, Erindale College, University of 
Toronto, Mississauga. Ontario, Canada L5L 1C6. 

The arctic plant, Saxifraga cernua, shown thermal acclimation of its photosynthesis 
following increases or decreases of its growth temperature. By infra-red gas analysis, 
shifts in the rates of photosynthesis, respiration and photorespiration are shown to occur 
during acclimation. 
also follow shifts in growth temperature but occur at rates shown to be rlmer than the 
acclimation of photosynthetic rates. 
that a feature coincident with photosynthetic thermal acclimation is the change in the 
rates of chlorophyll fluorescence induction and quenching. 
technique is shown to be an efficient and reliable method to follow the course of stress 
acclimation. The fluorescence technique has been extended for use in microscopy and low 
(77.K) temperature spectroscopy (Mawson. Franklin, Filion 6 C-ins, 1983, Comparative 
studies of fluorescence from mesophyll and guard cell chloroplasts in Saxifraga cernua: 
analysis of fluorescence kinetics as a function of'excitation intensity. 
press) to compare responses of individual guard cells and mesophyll cells and thereby 
comprre stress responses of stoeata with other photosynthetic cells in the same plant. 

Chansen in the unsaturation index of total saponifiable fatty acids 

Examination of whole leaf fluorescence kinetics shows 

This rapid. non-destructive 

Plant Physiol. In 

1448 N A ~ I D M  CEEL&TASI m - T E E  REGUL&TION OF CBLOROPBYLL B I O S Y W P ~ I S  BY EIWIRUWENTAL 
PXTXS, Th-8 P. masler and Paul A. Castelfranco, University of California, Davis, 
CA 95616 

The chelation of u g n a s i u  into protoporphyrin IX constitutes the first carmitted step in 
chlorophyll biosynthmsis. 
trolling tho mount of protoporphyrin IX apporti0n.d between tha chlorophyll and the cyto- 
chrate patmay.. 
regulation. 
cucumba cotyledons. 
Subplastidic localiratio~ ntudies using penetrant and nowpenetrant sulfhydryl-alkylating 
aqmntm have Aawn that tho chelatue is located an the plastid surface accessible to the 
m.dica. 

We sqgw#t M.t ea~esim chelation occpes on the chloroplast envelope and that it responds 
to the energy chargo of the cytosol. n. has long boon known that anaerobiosis, CN-, n- 
and uncouplars of mitochondria1 ATP problctiqn W i t  the greening of etioleted plant3 
tissues. 
-sim chelatau. 
prc+olmphgrin is sIit0h.d frm chlorophyll to a produetion, thus favoring respiration at 

It stand6 at the branch point in nrtallopoIphpin synthesis, con- 

An much, ragnmsiwn chelatase is  of interest frat the standpoint of enzyme 
W . g a u i u  chdatase was studied in intact, developing chloroplasts isolated froa 

The ouryme ham an absolute requirsent for ATP and is inhibited by AMP. 

It is prcbbls t h t  one reason for t h i s  inhibit ion has to do w i t h  the control of 
Wngt eoditiona of low oridativo +sphorylation, th. available 

tb T m  Of p h o t o 8 3 l l t h . . i E .  
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1449 WATER DEFICIT STRESS,ETHYLENE PRODUCTION AND ANTHOCYANIN SYNTHESIS IN 
SENZSCENT LEAVES OF TERMINALIA GATAPPA,Rosario Fraino Pannier,Universi- 
dad Central de Venezuela.Facultad de diencias.Caracas.Venezuela. 

Termlnalia Catappa,a deciduous woody plant of tropical shoreline8,shows a 
striking anthocyanin colouration of its leaves at the onset of senescence du- 
ring the flowering period.Therefore,the cause of anthocyanin formation in dy- 
ing leaves and its relationship with the senescence process was studied. 
Curing the vegetative growth stage,fully ecpanded leelne wen excised at the 
base of the leaf blade withthe petiole and placed,undqr controlled condition$ 
in containers with the cutiend of the petlo e in solut&o of Mannito1,NaCl 
and PEG,ranging 0 to -1.8 m a  in order tu dcelerate lwYsene@cence by water 
stress. Anthocyanin formed only in streeeed leaves with' its h ghest content 
in Mannitol and NaCl (-0.9 to-1.8 MPa).v-leaf and phenylelani$e ammonia-lyase 
(PAL)-activity was ahown to be related.Ttme course of anthocyanin synthesis id 
Kannitol and NaCl (-1.2 MPa) showed a lag phase of 30 hra.Afterwards,raQld 
formation continued until 96 hrs.Accumulation did not continue beyond when 
Y-leaf-values marked leaf dehidration.Application of (2-chloroethyl)phosphoniq 
acid (Etephon) to non stressed leaves showed striking anthocyanin formation, 
as well as sigmoidal PAL-activity increase. Endogenous ethylene estimated by 
Gas-Liquid-Chromatography was greatest in stressed 1eaves.h increase in ethyd 
lene production durin wgter strgs in excised lee es could ind cat th t 
ethylene may b e  respo ai le for inzucing anthocyanIn synthesis fn t8e pfant. 

ETHYLENE BIOSYNTHESIS I N  0 OU HT-STRESSED PLANTS, Ne i l  E. Hoffman', Thomas A. $Ke& 
14% Yu Liu3. and Shang Fa Ya 3, FMSU-DOE Plant  Research Lab, E. Lansing. M I  48824. USDA- 

WRRC, Albany, CA 94710. gOept Veg Crops, Uni& Ca l i f o rn ia ,  Davis, CA 95616 
I n  8 day o l d  excised wheat leaves, water d e f i c i t  s t ress resul ted i n  a rap id  increase f o l l o w  
ed by a decrease i n  ethylene production ra tes  and i n  the l eve l s  o f  l-aainocyclopropane-l-car- 
boxy l i c  acid (ACC). Since aminoethoxyvinylglycine (AVG), which blocks the conversion o f  S- 
adenosylmethionine (SAM) t o  ACC, i n h i b i t s  s t ress induced ethylene and ACC appl icat ion 
st imulates ethylene production i n  nonstressed t issues, the r a t e  l i m i t i n g  react ion must be 
the  conversion o f  SAM t o  ACC catalyzed by ACC synthase. Though the enzyme which converts 
ACC t o  ethylene i s  cons t i t u t i ve ,  w i l t i n g  enhances whi le  rehydrat ion r a p i d l y  reduces t h i s  
a c t i v i t y  t o  the c o n s t i t u t i v e  leve l .  
amino)cyclopropane-1-carboxylic acid (MACC), the major metabol f te  o f  ACC, increased 
gradual ly  then leveled o f f .  Once formed, WCC leve ls  d i d  not decrease even a f t e r  stressed 
t issues were rehydrated. 
rehydrat ion cyc le  resul ted i n  no f u r t h e r  increase i n  ethylene Production and i n  the l eve l  
o f  ACC and MACC. This data i s  cons is tent  w i th  the observations tha t  the l eve l  o f  abscislc 
acid (ABA) also r i s e s  i n  w i l t ed  leaves and ABA pretreatment o f  drought stressed leaves 
reduces whereas BA st imulates both ACC and ethylene production. When benzyladenine (BA) 
was supplied dur ing the  preceding rehydrat ion process, subsequent w i l t i n g  treatment r e s u l t -  
ed i n  a r i s e  i n  MACC l eve l  and a r i s e  fol lowed by a dec l ine i n  ethylene production ra tes  
and i n  the l eve l  o f  ACC. Thus MACC l eve l s  are c lose ly  re la ted  t o  ACC synthesis which i s  i n  
t u r n  modulated by p lan t  hormones. 

I n  response t o  water d e f i c i t ,  the l eve l  o f  1-(malonyl- 

Repeated w i l t i n g  treatments fo l l ow ing  the f i r s t  w i l t i n g  and 

THE PATTERN OF LATEX FLOW FROM RUBBER TREE 
RELATION TO WATER STRESS, M.R. Sethuraj and A.S. Raghavendra, 
Rubber Research Institute of India, Kottayam 686 009, India. 

(- BRASILIENSIS) IN 1451 

The pattern of latex flow from rubber tree (Hevea brasiliensis) was examined, 
during depletion of soil moisture in drought=rant (RRII 105, G1 1) and 
drought susceptible (Tjir 1) clones: Latex flow has two distinct phases, 
an initial.expu1sion of latex as a direct result of release in turgor 
pressure of latex cessels, followed by a slow capillary flow during which the 
latex cessels are plugged. During Urought, the latter 'slow' p'ase was 
shortened and the point of deflection,between the two phases wazf delayed. 
Plant water stress accelerated latex vessel plugging, effect being more in 
suspectible than in tolerant ones. Rubber particles an4 lutoids (vacuoles), 
sheathed by neutral and phospholipid layers respectively, are suspended in 
latex (cytoplasm of the vessels). Under water stresa, the phospholipid and 
neutral lipid contents of latax decreased, particularly in drought sensitive 
clone Tjir 1, which resulted in instability of rubber particles and lutoids 
respectively. Such disruption in the membrane integrity of organelles 
appeared to be due to enhanced lipase and phospholipase activity during 
drought. 
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DROUGHT STRESS EFFECTS ON APICES OF WINTER WHEAT EVALUATED BY 2-D GEL ELECTROPHORESIS 14' W I T H  SILVER STAINING. B.D. Dunbar, D.C. Nielssn and B.S. Dunbar. USDA-ARS, Akron, 
Colorado, Baylor Med. College of Medicine, Houston, Texas. 

It would be des i rab le  t o  de tec t  polypeptide s h i f t s  t h a t  occur i n  apices  of wheat p lan ts  under 
var ious l e v e l s  of s t r e s s .  High resolut ion two dimensional gradient  SDS polyacrylamide g e l  
e lectrophoresis  with a s e n s i t i v e  s i l v e r  s t a i n  w a s  used t o  separa te  the  pro te ins  found i n  
shoot t i p s  of growing winter wheat a t  var ious s tages  of development and water stress. 
Several hundred ' spots '  were separated f o r  each sample and each sample w a s  rep l ica ted  i n  the  
f i e l d  and i n  t h e  laboratory.  No polypeptide change w a s  detected between s t ressed  and 
unstressed p lan ts  a t  any growth s tage.  

1453 
Field observations have indicated that  the  wheat (Triticum aestivum L.) c u l t i v a r  'TAM-W101' is 
r e l a t i v e l y  drought r e s i s t a n t  compared t o  the  c u l t i v a r  'Sturdy'. 
was conducted t o  determine i f  d i f fe rences  i n  leaf  osmotic adjustment, water use eff ic iency 
(WUE), and t i s s u e  e l a s t i c i t y  between TAM-WlOl and Sturdy could be demonstrated. Pressure- 
volume curves showed prestressed leaves of both c u l t i v a r s  had s i g n i f i c a n t l y  lower solutepoten-  
rial a t  f u l l  turgor (&$) and zero turgor than unstressed leaves,  ind ica t ing  osmotic 
adjustement. But prestressed TAM-W101 apparently adjusted more, with s ign i f icant ly  lower val-  
ues f o r  llsf (-1.61 MPa) and 
MPa, respec t ive ly) .  
relative water content a t  zero turgor and lower WUE (mg t o t a l  dry matter /g  H20 l o s t  per pot)  
i n  TAM-W101 than i n  Sturdy, suggesting that TAM-W101 had grea te r  water ex t rac t ing  capabi l i ty  
than Sturdy. Nonreducing sugars w e r e  g rea te r  i n  prestressed (3.9%) than i n  unstressed (1.4%) 
leaves, but there  was no evidence t h a t  a breakdown of nonstructural  polysaccharides t o  f r e e  
sugars  contr ibuted t o  osmotic adjustment because nbnstructural  polysaccharides did not d i f f e r  
between prestressed and unstressed treatments. 
than i n  Sturdy, but did not increase i n  prestressed leaves and thus did not c o n t r i b u t e d i r e c t l y  
t o  osmotic adjustment. 
leaves. but there  d id  not  appear t o  be s u f f i c i e n t  d i f fe rence  i n  the  amino ac ids  t o  explain the 
d i f fe rence  i n  The data  ind ica te  t h a t  TAM-W101 may oweparg 
of its drought res i s tance  t o  both water ex t rac t ion  and osmotic adiustment capabi l i ty .  

WATER RELATIONS AND SOLUTE ACCUMULATION OF TWO WHEAT GENOTYF'ES W I T H  DIFFERENT DROUGHT 
RESISTANCE. Richard C. Johnson, Oklahoma S t a t e  University, S t i l lwater ,  OK 74078. 

A growth chamber experiment 

(-2.44 MPa) compared t o  prestressed Sturdy (-1.40 and -1.98 
Lower leaf  t i s s u e  e l a s t i c i t y  was associated with s ign i f icant ly  higher 

Leaf K content was 0.8% higher i n  TAM-W101 

Free amino ac ids  were grea te r  i n  prestressed TAM-W101 than Sturdy 

between prestressed treatments. 

1454 EFFECTS OF WATER STRESS ON STARCH METABOLIZING ENZYME ACTIVITIES AND STARCH CONTENT 
I N  COTTON LEAVES. Chong W. Chang and John A. Wetmore. Western Cotton Research Lab, 

ARS. USDA 4135 E. Broadway Road, Phoenix, AZ 85040. 
Cotton leaf  s ta rch  was reported t o  accumulate during water s t r e s s  (Ackerson and Hebert, 1981) 
but ,  no enzymic information was included. We invest igated soluble ,  bound a-amylase, bound 
glucan synthetase and s ta rch  content i n  cot ton plants  during water s t r e s s .  Four glandless  
cot ton plants  were grown i n  each pot for  32 days i n  a control led growth chamber. 
time, one set of plants  (CONTROL) was kept well watered by a dai ly  supply of 250 m l  E 0. 
Another s e t  (STRESS) was subjected t o  a gradual dehydration u n t i l  leaf  water potent ia t  reached 
-2.8 MPa at the end of 7 days. A l l  da i ly  leaf  samplings for  water po ten t ia l  and enzyme assays 
were made a f t e r  4-hr l igh t  exposure when maximun enzyme a c t i v i t i e s  occurred. During t h e  
i n i t i a l  decrease i n  leaf  w a t e r  po ten t ia l  from -1.1 t o  -1.3 MPa, soluble  a-amylase a c t i v i t y  
increased t o  approximately 250% of control ,  whereas both bound cramylaee and glucan synthetase 
a c t i v i t i e s  decreased t o  approximately 50% of control .  
increaaed gradually, with the fur ther  decrease i n  leaf  water poten t ia l ,  t o  450% ((-amylase) 
and 200% (glucan synthetase) of control  a t  the end of t h i s  period of water s t r e e l  (-1.8 W a ) .  
Starch content of 32 day old leaves declined s teadi ly  t o  about 50% of cont ro l ,  probably 
because a-amylase a c t i v i t i e s  ( f r e e  and bound) grea t ly  exceeded glucan synthetase a c t i v i t y .  
Starch content then increased sharply t o  250% of cont ro l ,  p r e s m b l y  because of a correipond- 
ing increase i n  glucan aynthetaee a c t i v i t y  t o  200% of control .  With a fur ther  decrease i n  
leaf  water po ten t ia l  t o  -2.8 MPa, however, both glucan synthetase a c t i v i t y  and s ta rch  content 
decreased rapidly.  uh i le  soluble and bound a-amylase a c t i v i t i e s  continued t o  increase.  

At t h i s  

Thereafter the  two bound enzymes 
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1455 
Bcwley, Chemistry and Biology Research Institute, Agriculture Canada, Ottawa, Ontario K1A OC6 
and Dept. of Biology, University of Calgary, Calgary, Alberta T2N 1N4, Canada. 

MEMBRANE ORGANIZATION OF THE DESICCATION TOLERANT MOSS TORTULA RURALIS IN SEVERAL 
DEHYDRATED STATES, Jas Singh, Barbara A. Blackwell, Richard W. Miller and J. Derek 

The moss Tortula ruralis i s  able to withstand repeated cycles of extreme desiccation, 
.freesiag to -197°C and plamolysis. 
eeconds, compartmentation of the cell has to be either maintained in the dry state or restored 
In a short period of time during cell expansion. Thus, an understanding of membrane organi- 
saticm in the desiccated moss cell is of importance to the study of dehydration tolerance. 
Membrane organization of the nbss was studiad iglseveral dehydrated states (dry, 75% RH, 
frozen to -2OOC and plasmolysed i n - 4  .%la) by P NMR and ultrastructural analyses. Both 
Wthods revealed that even at 752 BH (-400 barn), cellular membranes of the moss retained 
extended phospholipid bilayers. Fully hydrated moss showed an extensive proliferation 
of. cytoplasmic vesicles. During dehydration, these vesicles form layers of membranes under 
the plasmalema and even appear to fuse with the surface membrane. This suggests that 
tbese vesicles may aerve as a reservoir of membranes to accomdate for membrane surface 
area changes duriug desiccation and subsequent rehydrotion. 

Since rehydration of the dried moss is complete within 

1456 Cellular and Subcellular Structural Changes in Wheat Crop of Oklahoma Under Water 
Stress. Rajen S. Mehta, Agri Res. Center, Langston University, Langston, OK 73050 

Statement of Research Interest 
The Stress Physiology Study was undertaken in April '83  for a 5 year tern-under the guidelines 
of Cooperative State Research Services for the 1 90 Land-grant Univsrsities and TuskegeeInsti- 

Stress Physiology Study following areas will be studied: (1) Cellular and Subcellular Structu- 
ral Changes in Wheat Triticum aestivum L, of different Geno-types vary in drought resistance, 
with the help of E 1 e c m r o s c o p e E . M . ) ;  (2) Cell-size variation among different Gma-types 
with the aid of E.M. Stereology; (3) Comparative study on stressed caused changes in relation 
to senescence; and (4) Evaluation of effects of environmental stimuli on stress, photosynthe- 
sis, md photosynthesis partitioning between total biological study (of plant) and yield of 
wheat crop. 
Stereology is based on integral geo*etry and Geometric probability theory. Since the sections 
of plant tissues are randomly selected, every profile of the structure will be different, but 
the collection of all possible profiles will have the precisely known properties of the organ- 
elles Being studied. Thus, the stereological study, may help to understand a contributing 
factor in cell size variation between Geno-types vary in drought resistance. 
The author wishes to participate in Poster Session and would like to present data on Geno- 
typic varintion in growth and ultrastructural changes. 

tute. The fund for the research is provided by $l t e U.S. Departmencof Agriculture. For the 

1457 DETERMINATION OF BETAINES BY FAST ATOM BOMBARDMENT MASS SPECTROMETRY, 
Gene C. Jamieson, Ann C. Myers, William L. Fitch and David Rhodes, 
Zoecon Corporation, 975 California Avenue, Palo Alto, CA 94304, U.S.A. 

A rapid, sensitive and selective method for the determination of glycine 
betaine (N,N,N-trimethylglycine) and related quaternary ammonium compounds 
I s  described. The method entails derivatization of glycine betaine to the 
b-propyl ester; this imparts a permanent positive charge to the molecule. 
Upon fast atom bombardment mass spectrometry (FABMS), intense signals from 
the glycine betaine propyl ester (m/z=160) are observed (limit of detection 
= 0.05 nmol/)ll glycerol). Deuterium labeled N,N,N-tri(CD3-methyl)glycine 
propyl ester is used as interhal standard (m/z=169). We illustrate the 
application of this technique in the determination of glycine betaine levels 
in a,range of halophytic plant hpecSeb.bIn some tissues with abundant levels 
of glycine betaine (e.g. Cuscuta salina, parasitic on Salicornia de ressa), 
qlycine bttaine propyl ester is t h e y  detectable component in &k-- 
methanolic extracts subjected to esterification and FABMS. Further applicat- 
ions of this technique in heavy isotope tracer studies on the pathway of 
glycine betaine synthesis in spinach leaf discs will be reported. This 
approach may be useful in rapid screening for genotypic variability in 
rates of glycine betaine synthesis as a function of aalinity or water stress. 
Proline betaine (stachydrine) is shown to be amenable to similar techniques. 
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nmm.m01 op AIIOINIRB DECABBO~WB ACTIVITY II mums OAT L W ~ ,  m i n  D 1458 Young and Arthur U. Oalston, Yale Upiv0rdty,  R.w Havan, CT 06511 

Kxpo8u-e of oot  loaf  s o g e n t s  ts aaid s t r e s o  by inoubation on a mdlu of pE 5.0 or l o s s  
leads t o  a rapid, uasivo, and rOTerSdbl0 inoream in the  titer of putromaine 
(1.4-diamlnobutw; Put). A U a r  mwnm o6eurs in leaf m g e n t a  upoud to o a o t i o  
etress, e.g., 0.4 lI sorb i to l ,  or in plants  on lard( nutrftion. Put a o o d t i w  is 
aooampanied by an inarerse in t h e  a o t i v i t  of the Put bioaynthotio emme, arginine 
~ o ~ b 0 4 1 a m  (ADC), and is inhibi ted by th. addi t ion of oyolohexhide. mem rosults 
8-t that oat leaves mshnd t o  s t r e s s  be aynthosizing ADC 

ADC won p9rlfi.d fm 18 d a j  old Ksdefioient oa t  loavos. In tb oldes t  lu-• of -oh 
plants, ADC a c t i v i t y  y.. - +ban 36 tins t h a t  in normal plants. Starting with this 
tissue, ADC w u  purif ied 67O-fo14, y ie ld ins  an apparently hcmogonooua pmparotion Vhloh 
mi(g.ated M a single band on SDS-PIIOE w i t h  fir 39,000. 

along with analyaed by 8DSPAOE and fluorogophy. 
Slx bands f n  o n e t i o  atream6 and two ban& in aoM mid lwu wore enhumad. On0 of 
tho- b e ,  onhanod by both troataents. oori(p..t.l with purified ADC. Tho inorom in 
loboling of th in  band duo to o a o t i o  stress was 281. 

pp~p. 

Loaf aeegps wore then 0rpoMd to 0.4 H mrbitol, to plI 4.0. or t o  no external stnu 
9-mthionine and labolod prote1.s 

3459 Mechanism of S a l t  Tolerance in the Halophyte Sal icornia  pac i f ica  var. (Itahensis 

Sal icornia  pac i f ica  v u .  Utahensis is an inland halophyte t h a t  can grow in wilB 
containing 12,000 ppm of NaC1. The halophytes i n  the  genus, Sal icornia  axe apDng tho 
most 6a l t - res i s tan t  higher plants .  Osmotic measurements, wavelength dispers ive x-ray 
microanalysfs Y d  e n e r q  dispers ive x-ray microanalyses indicated t h a t  high concontra- 
tions of Na , K 
The outer  region of the  stem was much lower i n  Na , K 
readi ly  occurred. 
histochemical method. 
i so la ted  and found t o  be s a l t  to le ran t .  
it was observed t h a t  the ATPaoe was c-nly located on t h e  plasma membranes of the 
cells in the cortex region. 
ck1icorni.a' 
l i z a t i q n  of-1 i n  the  cortex region. nlso the  Ra concentration was kept l o w  by 
Me Na During the  growth season of Sal icornia  paCifiCa 
the  NaCl concentration sometimes becomes too high and the lower nodes shr ive l  and d ie  
but  the xylem system continuem t o  conduct watnr to  the green nodes above the shriveled 
node. 

Darrel l  W a b s r ,  Dept. of Botany, Brigham Young University, Provo, Utah 84602 

and C 1  were compartmentalized 18 thf center  cortex region of the stem. 
and C1- and photosynthesis 

The locat ion of C1- was d e t e d n e d  using an electron rpicroBcopy 
The C1- concentration was l o w  i n  the  chloroplasts. ATPaoe was 

Using electron microscopy histochomical ~cthods  

Other enzymes such as RuBPCaoe were s a l t  sensi t ive.  
c i f i c a  var. Utahensis can survive high s a l t  concentrations by compartplsnta- 

pump associated w i t h  ATPa6e. 

1460 
Studies have been made of proteins  synthesized by tomato roots  in response t o  s a l i n i t y  shock. 
For t h i s  purpose we have exposed 14-day-old t y t o  p l a t s  (Lycopersicon esculentum L. cv New 
Yorker) t o  ZOO mM NaC1. A t  6 ,  24, and 48 h, [ Hlleucine van added t o  the nutr ient  solut ion 
f o r  one hour. Separation of the proteins  
by ZD-PAGE revealed tha t  several  new proteins  were Synthesized 6 h a f t e r  exposure t o  salt, 
and a smaller number of addi t ional  nev proteins  appeared a t  24 b d . 4 8  h a f t e r  s a l t  treatment. 
Some normally present proteins  Yere absent, a f t e r  s k t  treatment. 
breeding l i n e  derived from&. esculentum x 5 pennel l i i  a l so  exhib*e(l -It induced proteins, 
but the pat tern differed from th& of s imilar ly  t reated ' N e v  Yorker' p lants .  
data  on 18 accessions of L. pennel l i i  show the  pot,ential of sevbral a s  smrces ef 6 a l t  toler-  
ance germplasm. 

SALINITY-SHOCK PROTEINS I N  TOMATO ROOTS, Robert F. Sacher and Richard C. Staples ,  
Boyce Thcrmpson Ins t i tu te .  Cornell University, Ithaca, NY 14853 

Plants  were then frozen and proteins  extracted. 

A salt tolerant  tomato 

Sa l t  tolaranee 
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161 EFFECT OF SALINITY ON GROWTH AND MAINTENANCE COSTS OF PLANT CELLS, 
Suzan J. Stavarek and D. William Rains, Department o f  Agronomy and Range 
Science, Univers i ty  o f  California, Davls, CA 95616 
Plants exposed t o  environmental stress show alterat ions in physiological processes. 

Th ls  involves diversion o f  metabolic energy t o  maintain cel lular processes and prov ide 
tolerance t o  the  stress. A n  understanding o f  t he  changes In energy costs associated w i th  
salinity can p rov ide  ins ight  i n to  the potential p roduc t i v i t y  o f  growing crops in a saline 
environment. 

Alfalfa cel ls were selected which g row on  normally lethal levels o f  NaCI. Studies 
between the  unselected and NaCl selected cel ls under  va ry ing  NaCl stress were used t o  
determine dif ferences in g rowth  efficiency and maintenance cost of t he  cells. 

Increase in biomass, glucose consumption, and  changes In stored sugars and 
s tarch were measured. Growth yields and maintenance coeff icients were calculated under  
several levels o f  NaCl stress. Oxygen consumption and  CO evolut ion were also deter- 
mined to  evaluate the  respi ra tory  eff iciency o f  t he  alfalfa cell!?. 

The nonselected cel ls were found t o  have decreases in growth,  glucose uptake, 
stored carbohydrate ut i l izat ion and  oxygen consumption rates w i th  increases in NaCl 
levels. The salt  selected cells, on  the  other  hand, showed l i t t l e  e f fect  o f  NaCl on  these 
processes except a t  v e r y  high levels o f  NaCI. 

Growth y ie lds and  maintenance coeff lcient values wil l  be  discussed in relat ion to 
the  eff iciency o f  t he  two cel l  l ines and the l r  ab i l i t y  t o  grow under  stress conditions. 

1462 ALUMINUM TOXICITY AND THE SELECTIOK OF RESISTANT VARIANTS I N  CELL CULTURES OF 
NICOTIANA PLUMBAGINIFOLIA, Carole P. Meredith and Anthony J. Conner, Un ive rs i t y  
o f  Ca l i f o rn ia ,  Davis, CA 95616 

A c u l t u r e  system has been developed t h a t  permits the expression o f  aluminum t o x i c i t y  i n  
p lan t  c e l l  cu l tu res  and c lose ly  simulates the chemical environment found i n  aluminum-toxic 
s o i l s .  
was lowered t o  10 pM (from 1250 MM) and the pH lowered t o  4.0. 
t o  the medium were the use o f  unchelated i r o n  and a reduct ion i n  the calcium concentrat ion 
t o  0.5 mM (from 3.0 mM). 
c e l l s  were cu l tu red  on f i l t e r  paper supported by polyurethane foam saturated w i t h  l i q u i d  
medium. The f i l t e r  paper w i t h  adhering c e l l s  was t ransferred t o  f resh  medium every 2 days 
t o  rep len ish the phosphate and maintain the medium pH a t  4.0. Although c e l l  growth of 
Nicotiana 
sufficient'growt9h occurred t o  c l e a r l y  demonstrate t o x i c i t y  i n  the presence of aluminum. 
Experiments character iz ing alumltium t o x i c i t y  i n  c e l l  cu l tu res  o f  N. 
described along w i t h  pre l iminary r e s u l t s  on the select ion o f  a l u m h k r e s i % a n t  var iants .  

I n  order t o  keep the aluminum solub le i n  the medium, the phosphate concentrat ion 
Two addi t ional  modi f icat ions 

Since the g e l l i n g  proper t ies o f  agar are i n h i b i t e d  a t  pH 4.0, 

lumba i n i f o l i a  was reduced i n  the modif ied medium (due t o  phosphate deficiency), 

lumba i n i f o l i a  w i l l  be 

m I t G  AND 'iliE aDLsFT OF SAGT-m IN David K. 
S t m  and J-6 W. O'Isary, E.R.L., U of AZ., 'I\lcaon, A2.r 85706 1463 

Seed germinatdm and seedling grarth under saline conditicns is a preraquisite for 
mccessful plant eetablislmwt. We have nmitored dry weight acamulatim, succulmce, 
salt accmrmlatim and levels of glycinebetaine (the prm caupat ib le  oeaoticun in 
seedlinge of the balm ft&QX& m. salt .camrlation ins. 
begin6 12 deys aftac q e b t i m  and occurs in a relatively narrow time frame, the 0 aeh 
of t h e  tissue rising frm 6% to 25% in 48 hours. 

Acamrlatim of ealt occurs in both the hypcotyl and cotyledon. A t  day 16 the 
accumlated ealt i s  evenly diotribu- between the two tissues but by day 35, the 
cotyledon has accudated 66% of t h e  total salt in the sealing. Glycinebetaine (gb) 
profiles for the hypcotyl and the 00tyleaOn are dramtically different w i t h  a loes of 
greater tnan 60% of t h e  gb in the hypocotyl w h i l e  the re  is a peak of gb amtent in the 
cotyledon folloved by a decline and a m e n t  transport of @ to the newly developing ahcat 
tisaw. 

we w i l l  discuss this data further and also propose the ancept of the 'onset of 
halo#yt,ia~~* in relation to ececUim~ grarth in hal-c plants frau different ecotypes. 

240 



Cellular and Molecular Biology of Piant Stress 

1464 NaCl TOLERANCE IN ADAPTED TOBACCO SUSPENSION CELLS, Gretchen J .  Kin Victoria A. 
Turner, and Timothy G .  Helentjaris. NPI,  Salt Lake City, Utah 84186. 

Nicotiana tabacum L. var Wisconsin 38 which had'heen adapted to 25 g/l of NaCl (received from 
?.M. Hasegawa and R .  Bressan. Purdue University) were examined t o  determine what molecular 
events are triggering the adaptlve cellular responses. 
proteins fdentifi,ed by SDS - PAGE which are present i n  the adapted cells and absent in the 
unadapted cel ls .  Antibodies were prepared to the major stress protefn (26kd. approximately 
10% of total cell  protein) to determine any cross reactivity between i t  and other stress 
proteins as well as any normal proteins. 
three cell fractions: cell walls, membranes, and soluhlh. enzymes. The major stress protein 
and tw of the minor stress proteins have been localized to these three fractions.Differences 
i n  the MNAs present in the unadapted cells and the adapted cells have been demonstrated by i 
vitro translation. These data i p  conjunctkn with physiological data should provide a bette -4 
understandfng o f  tolerance to water stress. 

Stress proteins are defined as those 

Differential centrifugatfon was used to prepare 

PLANT RESPONSES TO O Z M  STBESS--ANbLYSIS OF ASCORBIC ACID IN 03-SUSCEPTIBLE AND 1465 03-PBSISTANT CULTIVAUS BY WLC. B.H. Lee 6 J. A. Jersey. USM. BAUC, Beltsville, W 
me mechanism of the processes that lead to plant injury from ozone (03) absorption is not 
-11 known. 
raversiag the effects of 03 damage to leaf tissues. 
conducted towards establishing, with greater precision. levels of AA in 03-susceptible 
(03-8) and 03-resistant (034) tissues. 
remains unclear. & a consequence. the accrrmlation and degradation of AA in 03-S and 
03-P cultivars of soybean (Clycine max L.) CV. 'Hark' (03-8) and 'Hood' (0  -R), as well 
as snapbean (Phaseolus vuliaris L.);. 'BBL-290' (03-S) and 'Astro' (03-R? were compared 
red atudied using high-perfoxunce liquid chromatography (WLC). 
for 03-stressed and non-stressed leaf tissues was accomplished in 5 min on a uBondapak C-8 
Nverse col- using 2% %PO4 (pH 2.8) as the solvent. Tisauas were extracted with 6% 
rotaphosphoric acid containing 1 I. 106M BDTA. 
snapbean varieties to have higher conccentntions of M than do sensitive varieties. In 
roepoiue to 03 stress (0.3 to 0.45 ul/l), an optimal concentration ( 1.000 ug/g fresh wt. 
u) is required for protective function in leaf tissues. M is a free radical scavenger and 
a t  ph~siological levels it reduces the extent of lipid peroxidation and leaf damage. 03 
stress has been shorn to induce production and accumulation of M. There are noticeable 
iocreases in M levels after the beginning of the stress period, followed by rapid increares 
just prior to leaf lesion appearance. 

Ascorbic acid (AA) has been reported to be an effective compound in preventing ot 
However, very little research has been 

Ihe influence that AA may have on 03 phytotoxicity 

Isocratic separation of M 

Our results show 03 tolerant soybean and 

I h e  concentration of AA in 03-S leaf tissues 
to a le- than &.+ ri..ucs. 

2 

Environmental Stresses I I  

IDENTIFICATION OF W O R  ANAERO3IC STRESS PROTEINS AS GLYCOLYTIC ENZYMES, 
1466 Philip M. Kelley and Michael Freeling, University of California, Berkeley, 

Anaembic treatwnt of maize seedlings results in the selective expression 
California 94720 

of 10 major and 10 minor polypeptides designated as anaerobic polypeptides (ANPs) 
(Sacha *t.(1980) Cell 20: 761-768). We found an increase in specific activity 
of several glywlytic enzymes following maerobiosis. We have identified two 
cytoplasmic enzyme. corresponding to major anaerobic polypeptides: glucose 
phosphate iscuneraae I (ANP55) and fructose 1,6-diphosphate aldolase (-35.5, ANP33A) 

1467 ALCOHOL DEHYDROGENASE ACTIVITY IS REGULATED BY OXYGEN TENSION IN CELL SUSPENSION 
CULTURES OF TOMATO, Joan M. Rejda, Bruce R. Thomas* and B i l l  G. Williams, ARC0 Plant 
Cell Research Institute. Dublin, CA 94568 and *Calgene. Davis, CA 95616 

Alcohol dehydrogenase (ADH) is one of the proteins induced by anaerobiosis in maize (Cell 
Preliminary to a molecular biological test of the adaptive potential of ADH (1980) g:761). 

to anaerobic stress, we have analyzed ADH activity in tomato cell suspension cultures. 
is the inducible ADH activity in the tomato plant (Lycopersicon esculentum). and it is this 
ioozyme which we find expressed in cell cultures; the levels of which vary with the phase of 
growth of the cultures, the surface to volume ratio.of the cultures, and the oxygen partial 
pressure of the atmosphere above the culture. 

levels of ADH in dense cell cultures facilitated the purification of the enzyme, which is a 
dioer of H 

cello growing in typical cell suspension culture set-ups require several cell doublings at low 
cell density to reach that minimum plateau. 
line for lethal dose experiments designed to test whether cells induced by hypoxia are 
increasingly tolerant of a lethal challenge. 

ADR protein which cross reacts with the polyclonal antibody to purified ADH-2 (from the culti- 
var VFNT Cherry), and comigrates on both native and SDS-PAGE gels. 
for thel. cerasifome cells will be presented. 

ADH-2 

The ADE activity was determined to be ADH-2 by activity staining of starch gels. 

Using animal ADH activity as an empirical indicator of unstressed cells, we have found that 

The high 

85,000 daltons and constitutes 5-7% of the total soluble protein. 

These "unstressed" cells have provided the base- 

A wild tomato accession (L. cerasiforme) collected from a marshy environment produces an 

Comparative survival data 
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A C Q U I S I T I O N  OF THERMOTOLERANCE I N  SOYBEAH SEEDLINGS: SYNTHESIS kND 
ACCUMULATION OF HEAT SHOCK PROTEINS AND THELR CELLULAR LOCALIZATION, 1468 

Chu-Yung L i n ,  D e p a r t m e n t  o f  B o t a n y ,  N a t i o n a l  Ta iwan  U n i v e r s i t y ,  T a i p e i ,  Taiwany 
and J. K. R o b e r t s  & Joe  L .  Key, B o t a n y  D e p a r t m e n t ,  The U n i v e r s i t y  o f  G e o r g i a ,  
A thens ,  G e o r g i a  30602 

H e a t  shock (HS)  a t  40°C or a b r i e f  HS a t  45'C f o l l o w e &  By a 28OC incubation 
i n d u c e s  t h e  s y n t h e s i s  o f  h e a t  shock  p r o t e i n s  (HSPs) i n  soybean  s e e d l i n g s  agd 
p r o v i d e s  t h e r m o p r o t e c t i o n  t o  a s u b s e q u e n t  p r o l o n g e d  i n c u b a t i o n  ( 2  h) e t  45 C .  
D u r i n g  HS some HSPs become l o c a l i z e d  and s t a b l y  a s s o c i a t e d  w i t h  p u r i f i e d  
o r g a n e l l e  f r a c t i o n s  (e .g .  n u c l e i ,  m i t o c h o n d r i a ,  and r i b o s o m e s )  w h i l e  p t h e r s  
do n o t .  The r e l a t i v e  amount o f  t h e  HSPs w h i c h  r e l o g a l i z e  d u r i n g  a second  HS 
i n c r e a s e s  w i t h  h i g h e r  t e m p e r a t u r e s  f r o m  40 C t o  45  C and  t h i s  p r o c e s s  comple-  
t e s  w i t h i n  1 5  m i n .  A r s e n i t e  t r e a t m e n t  ( 5 0 p M  f o r  3 h )  a l s o  i n d y c e s  t h e  s y n t h e -  
s i s  o f  H S P - l i k e  p r o t e i n s  and p r o v i d e s  t h e r m o p r o t e c t i o n  t o  a 45 C HS. P r o t e i n s  
i n d u c e d  bv a r s e n i t e  t r e a t m e n t  a l s o  become s e l e c t i v e l y  l o c a l i z e d  with o r g a n e l l e  
f r a c t i o n a ' d u r i n g  a s u b s e q u e n t  HS ( k O Q C  t o  45*C).  There  i s  a s t r o n g  p o s i t i v e  
c o r e l a t i o n  be tween  t h e  a c q u i s i t i o n  o f  t h e r a o t o l e r a n c e  and  t h e  a c c u m u l a t i o n  s f  
HSPs w h i c h  become l o c a l i z e d  w i t h  o r g a n e l l e  f r a c t i o n s  o n l y  d u r i n g  HS. 

1469 HEAT SHOCK PROTEINS I N  MAIZE: THEIR INDUCTION AND POSSIBLE PHYSIOLOGICAL ROLE, 
P. Cooper, A. Abu-Tabikh. A. Wang, T.D. Ho, Un ive rs i t y  o f  I l l i n o i s ,  Urbana I L  61801 

The pa t te rn  o f  p ro te in  synthesis i s  r a p i d l y  and s i g n i f i c a n t l y  a l t e red  i n  most maize t issues 
when the temperature i s  increased from 28 t o  40 C. In  roots, 40 C induces a s e t  o f  heat shccq 
prote ins (hsp) w i t h i n  20 min o f  the t r a n s i t i o n .  The synthesis i s  transient, no t  continuing 
beyond 4 h o f  continuous 40 C treatment. The hsp are synthesized i n  add i t i on  t o  normal 
c e l l u l a r  prote ins,  whose production i s  unaffected a t  40 C. Returning the roots  t o  28 C 
r e s u l t s  i n  a dec l ine o f  hsp synthests. Leaves, co leopt i les,  and scu te l l a  are s i m i l a r  t o  
roots  i n  t h e i r  heat shock response. I n  suspension-cultured c e l l s ,  hsp synthesis i s  not  tran- 
s ien t .  Germtnating po l l en  grains are the on ly  t i ssue  t h a t  does not  show induc ib le  hsp synthe 
s i s .  Hsp can also be induced by gradual temperature fncrease, a condi t ion which occurs i n  
nature. I n  order t o  invest igate the phys io log ica l  r o l e  o f  hsp. we have s tud ied the r e l a t i o n -  
sh ip between hsp synthesis and the p l a n t ' s  resistance t o  h igh temperature. Root elongation 
i s  severely i n h i b i t e d  t n  p lants  subjected t o  48 C, bu t  growth can be protected by pret reat -  
ments a t  lower temperatures. Maximal thermoprotection i s  obtained by a pretreatment a t  40 C. 
This thermoprotection increases f o r  up t o  4 h o f  pretreatment a t  40 C. then decl ines. These 
r e s u l t s  co r re la te  wel l  w i t h  the temperature optimum and tlme course o f  hsp synthesis. A t  the 
c e l l u l a r  leve l ,  Ht e f f lux/K+ i n f l u x ,  a membrane-related. process, i s  s t rong ly  perturbed by 40 0 
heat shock. However, the r a t e  o f  normal i o n  m e m e n t  recovers i n  20 rnin even i f  40 C t r e a t -  
ment i s  prolonged. Because the 72 kD hsp loca l i zes  i n  a microsom1 membrane f rac t i on ,  we 
suggest t h i s  hsp may have a membrane-related, thermoprotcct ive function. 

1470 Adaptation to Thermal Tolerance Correlates with tk lnduaion of Hat 5hodc Roteins in Tomato 
Cell Cultue. Lisa Staraci, Danny Alexander, Bruce Thomas*, Connie Wainwright, and Bill 
Williams, ARC0 P h t  Cell  Research Institute, 6560 Trinity Court, Dublin, CA 94568. 
Tomato cells in suspension culture adapt t o  increased thermal tolerance after 1 hour a t  3FCI 

rendering the cells immune t o  a 2 hour challenge of O w 3  - the lethal dose for naive cells. 

894-900, 1981, and PNAS 79: 860-864, 1982) through m a m m a l i w ~ l l s  (Cancer Res. 02: 2457-261, I 9 m  
A comparison of thyin vivo protein labelling patterns of cells and seedling%kr the temperaturd 

range from the adaptive t o  t F e w h a l  treatments revealed that the proteins induced in both systems were 
indistinguishable by one dimensional SDS gels, and were invariant up to the lethal dose, where labelling 
became ineffective. A series of pulse-chase in vivo protein labellings done over the t ime the adaptati 
was seen t o  decay identified a sub-set o f -p r - i ns  that either diminish or disappear when them1 
protection is  lost. 

cel l  t o  media ratio, X M )  t o  their minimum lethal dose. which was invariant over the range o f  early 109 
(SCM = 0.1) t o  stationary (SCM = 1.0) 

culture and compared for both their levels o f  naive minimum lethal dose and their levels of adaptel 
tolerance t o  thermal challenge. 

T 
adaptation is similar t o  that we observe for young tomato plants (4PC adaptive, 5PC 
adaptations reported across the biological spectrum - from E. cal i  (Biocem. Biophys. R e s  

A comparison was made between cel l  cultures at different phases of growth (measured by settle 

Wild species accessions collected from stressful habitats .have k e n  put in to  cell suspensio 
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In both corn roots  and barley aleurone layers  the p r o f i l e  of newly synthesized proteins  i s  
d r a s t i c a l l y  a l te red  when the t i s sues  a r e  subjected to  high temperature s t r e s s  a t  40 C. While 
heat  shock proteins  (hsp) a r e  rapidly induced i n  corn a t  40 C ,  the synthesis  of most of the 
o ther  proteins  continues. To inves t iga te  the regulat ion o f  hsp synthesis  we have used the 
rabbi t  re t icu locyte  c e l l - f r e e  t rans la t ion  system to  measure the level  of  mRNA coding f o r  hsp. 
All the  ten major hsp were synthesized In v i t r o  when the re t icu locyte  lysa te  was primed w i t h  
RNA from 40 C t rea ted  corn roots ,  but n X w i t h R N A  from 28 C t i s sue .  Since a l l  the  i n  v i t r o  
synthesized hsp a r e  ident ica l  to  the i n  vivo proteins  in  terms of  Mw and P I ,  there  a r e  no 
apparent post- t ranslat ional  modtfications of these proteins .  A time course study shows t h a t  
the heat  shock response a t  the mRNA level is  a l s o  t rans ien t ,  i . e . ,  the hsp mRNAs a r e  abundant 
a t  2-4 h ,  but t o t a l l y  absent  by 10 h .  
to  28 C, the  level  of hsp mRNA is  a l so  gradually reduced. In barley aleurone layers  the 40 C 
treatment not only induces the hsp but a l s o  suppresses the synthesis  of GA-induced a-amylase. 
However, the synthesis  o f  a-amylase is  resumed when h s p  synthesis  is  reduced upon prolonged 
treatment a t  40 C. Thls apparent competition between the  synthesis  of hsp and a-amylase is  
only p a r t i a l l y  regulated a t  the t rans la t iona l  leve l .  
probably reduced a t  40 C. 
s c r i p t i o n  o f  a-amylase genes. The molecular mechanism underlying the regulat ion of protein 
synthesis  i n  heat-s t ressed plant  c e l l s  wi l l  be dlscussed. 

REGULATION OF PROTEIN SYNTHESIS IN HEAT-STRESSED PLANT TISSUES, T.H.D. Ho. F. Belanger, 
0. Feickert  and P. Cooper, University of  I l l i n o i s ,  Urbana, IL 61801 

When the t i s s u e  recovers from heat  shock upon returning 

The s t a b i l i t y  of  a-amylase mRNA i s  
The resumption of a-amylase synthests  is  dependent on new t ran-  

TRANSCRIPTS OF CHLOROPLAST DNA I N  THE C4 PLANT PEARL MILLET DURING HEAT SHOCK. 14' 
The e f f e c t  of heat  on t r a n s c r i p t s  in t h e  chloroplast  of t h e C 4  p lan t  p e a r l  m i l l e t  (Pennisetum 
americanum) has been invest igated.  
and subjected t o  heat  i n  two d i f f e r e n t  ways. 
the  dark f o r  4 days a t  25OC and then illuminated f o r  10 h r  a t  30, 40 or  5OoC. 
of plants'were grown f o r  4 weeks in a na tura l  day-night cycle  a t  25'C and then placed i n  t h e  
l i g h t  f o r  10 h r  a t  30, 40 o r  5OoC. Individual  plasmids containing s p e c i f i c  chloroplast  DNA 
fragments from p e a r l  m i l l e t  w e r e  used as hybridizat ion probes t o  Northern b l o t s  of RNAs from 
the  d i f f e r e n t  plants .  The s t a b l e  RNAs in t h e  chloroplast  a f t e r  d i f f e r e n t  heat treatreants 
were i d e n t i f i e d  on t h e  bas i s  of t h e i r  s i z e  and t h e i r  o r ig in  on t h e  chloroplast  genome. 
Transcr ipts  i n  t h e  chloroplast  seem t o  be affected in a t  least three  ways when pear l  m i l l e t  
is placed a t  high temperatures. 
Two. a few RNAs decrease subs tan t ia l ly  in concentration. Three, one RNA ac tua l ly  increase 
i n  concentration. 
o r ig ina t ing  from t h e  gene f o r  la rge  subunit of r ibu lose  1,5-bisphosphate preferen t ia l ly  
decreases i n  concentration when t h e  p lan ts  are subjected t o  heat .  
from the  USDA Competitive Grants Program (80-CRCR-1-0489) and the  NSF (PCM-6200949). 

Bernard R u t t i  and James R. Y .  Rawson, Botany Department, University of Georgia, 
Athens, GA 30602 USA. 

RNA w a s  i so la ted  from leaves of p l a n t s  t h a t  w e r e  grown 
One group of p lan ts  w a s  germinated, grown in 

A second group 

One, the  majority of t h e  RNAs are not  grea t ly  a f fec ted .  

Par t icu lar ly  i n t e r e s t i n g  is the  f a c t  t h a t  t h e  l a r g e r  of t h e  two t ranscr ip ts  

Supported i n  par t  by grants  

1473 Elizabeth Vier l ing and Joe L. Key, 

It  is w e l l  es tabl ished t h a t  p lan ts  respond t o  rapid e leva t ion  i n  temperature (heat  shock) by 
inducing a s p e c i f i c  s e t  of pro te ins ,  the  "heat shock" proteins  (hsp 's) .  Work t o  da te  has 
focused on non-photosynthetic t i s s u e s  and therefore  has not considered the  e f f e c t  of heat  
ahock on chloroplast  t ranscr ip t ion  and t rans la t ion .  
soybean c e l l  suspension cu l tures  growing under photomixotrophic condi t ions t o  assess  how 
heat  shock e f f e c t s  the  synthesis  of RuBP carboxylase la rge  (LS) and s m a l l  (SS) subunits. 
Synthesis of LS and SS w e r e  examined by in vivo pulse  l a b e l l i n g  (35S-methionine) and 
corresponding mRNA leve ls  w e r e  examined by Northern b l o t t i n g  analyses. 
t h a t  LS and SS synthesis  a r e  unchanged up t o  37'C although hsp's are s t rongly induced a t  
t h i s  temperature. 
60-754;. 
t o  cont ro l  leve ls  a f t e r  6 h r  a t  whlch time hsp synthesis  has declined t o  <5% maximum leve ls .  
Preliminary data  suggest t h a t  regulat ion of LS and SS production is exerted t rans la t iona l ly  
or  post- t ranslat ional ly  ra ther  than by changes in mRuA l eve ls .  

RuBP CARBOXYLASE SYNTHESIS DURING HEAT SHOCK. 
Department of Botany, University of Georgia, Athens, GA 30602. 

W e  have employed highly chlorophyllous, 

Resul ts  demonstrate 

A t  38OC LS synthesis  i s  depressed approximately 50% and SS approximately 
When c e l l s  a r e  re turned t o  28OC following 2 hr  a t  3VC, LS and SS synthesis  recover 

243 



Cellular and Molecular Blology of Plant Stress 

1474 

Our laboratory has extensively defined many parameters of t h e  heat  shock respotme in 
e t i o l a t e d ,  detached soybean hypocotyb,  including t h e  i d e n t i f i c a t i o n  of cDNA clones f o r  mRNAe 
encoding severa l  lov oolecular  weight heat  shock proteins .  
response of green soybean p l s n t s  t o  a heat  shock (hs) i n  grovth chamber experiments and t o  
high temperature stress under f i e l d  conditions. 
control led environment (26"/22' D/N, 14 h r  photoperiod. well-vatered) shov induction of the  
hs apwA. when the temperature of t h e  chamber is rapidly s h i f t e d  t o  43-45.C. 
of induction is s igni f icant ly  higher than the  temperature needed t o  induce these messages in 
e t i o l a t e d  hypocotyls (38-40'C). This may r e f l e c t  t h e  a b i l i t y  of these p lan ts  t o  lover  leaf  
temperatures below the ambient air temperature through t ranspi ra t iona l  cooling. Taking 
advantage of par t icu lar ly  warm weather in Georgia i n  August, we sampled soybean leaves from 
an i r r i g a t e d  and a non-irrigated f i e l d  during a 24 hour period when midday temperatures 
reached bO'C. 
from both f i e l d s  although the  leve ls  of these messages were much higher in t h e  non-irrigated 
leaves. The presence of these hs  W A S  i n  f i e l d  g r m  plan ts  suggests t h a t  h s  proteins  are 
produced as p a r t  of t h e  normal plant  response to high temperatures. 

1475 

I n  soybean seedl ings,  heat  shock proteins  (hsp) a r e  revers ibly associated with var ious 
organel les  a f t e r  2 hours a t  4OoC. 
45'C, the amount of hsp associated with ribosomes is apparently enhanced over treatment 
a t  40'C alone. 
pur i f ica t ion  procedure, we have i so la ted  a pro te in  f r a c t i o n  containing ribosomsl proteins  
and hsp. 
chromatography. 
enri'chment f o r  a group of higb molecular weight hsp (68-70 kD), severa l  hsp in the  range 
of 25-27 kD, and the  e n t i r e  spectrum of hsp a t  15-18 kD. This f r a c t i o n  is being used t o  
generate monoclonal ant ibodies  f o r  hsp. These antitiodies w i l l  be used t o  q u a n t i t n t i u e b  
&9ze t h e  haat  shock response i n  soybeans. 

1476 

THE PILESENCE OF HEAT SHOCK mRNAs I N  GREEN SOYBEAN PLANTS DURING HIGH TEPIPERATURE 
STRESS. 
A t h e n s ,  GA 30602 USA. 

Janice A. Kimpel and Joe L. Key, Botany Department, University of Georgia. 

We have now invest igated the  

One month o ld  soybean p lan ts ,  grown in a 

This temperature 

Several  &As f o r  t h e  lw molecular weight hs  pro te ins  were present  in sanples 

PIRIFICATION OF HEAT SqOCK PRTEfNS FBOM SOYBEAN SEEDLINGS. H. A. Mansfield, J .  A. 
Kimpel, C.  Y. Lin. J.  t. Key, Department of Botany, Univ, of Georgia, Athens GA 30606 

After  th ree  hours of recovery a t  280Cm1id one-hourts t  

Ut i l iz ing  t h i s  incubation protocol  i n  conjunction with a ribosome 

The hsp have been aeparatad from t h e  ribosomal pro te ins  using CM-Sephadex 
'No-dimensimal e lectrophoresis  of the  hsp f r a c t i o n  demonstrates 

ANALYSIS OF BEAT SHOCK GENES FROM SOYBEAN. Ronald T. Nagao, h a  Czarnecka, F r i t z  
Schdffl**, W i l l i a m  Gurley* and Joe L. Key. 
Athens, GA 30602, *Microbiology and C e l l  Science Department, Universi ty  of Flor ida,  
Gaineaville, FL 32611 and **Fahl t l l t  fffr Genetik, U n i v e r s i t l t  Bielefeld,  Bielefeld,  
FRG . 

Botany Department, Universi ty  of Georgia, 

Earlier work from t h i s  laboratory i d e n t i f i e d  f i v e  sets of cDNA clones which re f lec ted  
members of "different"  multigene fami l ies  f o r  heat shock (hs) prote ins  ranging from 1 5  t o  
27 kD. 
Slightom and Y. Ma, Agrigenetics ddvmced Resaarch, Madison, WI) f o r  each of these  famil ies .  
Res t r ic t ion  digest ion mapping and cross-hybridization experiments indicated extensive 
homology between severa l  groups of genemic clones and the  p o s s i b i l i t y  of hs  gene c lus te r ing .  
DNA sequencing w a s  undertaken t o  c l a r i f y  t h e  o r s a n i w t i o n a l  re la t ionship  of these  genes. 
cDNAs from the  var ious hs fami l ies  have been sequence3 along with severa l  genomic mbclones 
from t h e  15-18 kD hs pro te in  family. 
each of t h e  genomic subclone sequences. 
homology between t h e  premanptive c l a s s i c a l  regulatory sequences. 

We have i so la ted  g a m i c  clones f r m  a soybean 11059 l i b r a r y  (constructed by J. 

The 

Sequence ana lys i s  has  l o c a t d  t h e  cDNA homology within 
Analysea of t h e  5' regions ind ica te  extensive sequence 

This work is supported by Agrigenetics Research Corporation. 

1477 ISOLATION AND CHARACTERIZATION OF A MAIZE GENE ENCODING MAJOR HEAT-SHOCK PROTEIN. 
Hsp70. D i l i p  M. Shah, Dean E. Rochester, Gwen G. K r i v i .  Cathy M. Hironaka. Thomas 

J Wozer. Robert T. Fraley and David C. Tiemeier. 
S t .  Louis, MO 63167 

Monsanto Cmpany, 800 N. Lindbergh Blvd.. 

Four-day o l d  maize co leop t i l es  r a p i d l y  synthesize a se t  o f  heat-shock prote ins (hsp's) 
One o f  the major heat-shock when the incubat ion temperature i s  ra i sed  from 3D°C t o  42.5'C. 

p ro te ins  has a q l e c u l a r  weight o f  approxinmtely 70,000 daltons (hsp70). 
l a t i o n  o f  po ly  A RNA's i so la ted  frm t i ssue  grown a t  3D°C and 42.5"C. we h a v r s F t h a t  
heat-shock elevates the  l eve l s  o f  t rans la tab le  hsp70 messenger RNA (mRNA)in t h i s  t issue. 
Using the cloned hsp70 gene from Droso h i l a  melano as te r  we have been able to hybr id-se lect  
t rans la tab le  hsp70 mRNa from b o t h - O h - s h o c k e d  ( 4 2 . 5 O C )  t issue. 

Genanic b l o t t i n g  o f  maize DNA has ind icated t h a t  hsp7O i s  encoded by a small mult igene 
family. One member o f  t h i s  fam i l y  has been cloned and p a r t i a l  nuc leot ide sequence determined. 
The deduced amino ac id  sequence i s  80% homologous t o  the amino a c i d  sequences o f  Drosophila 
and yeast hsp70 polypeptides. 
sequence o f  approximately 700 bp i n  the codon speci fy ing amino ac id  71. Although the 
inducib le  hsp7O genes o f  Droso h i l a  lack in tervening se uences, a c losely- re la ted and const i -  
t u t i v e l y  expressed D r o s o p d - s h o c k - c o g n a t e  gene qhscl ) contains an in tervening sequence 
in  exact ly  the same posi t ion.  
cloned maize gene does appear by Northern analy&enhanced by heat-shock. 

6y i n  v i t r o  trans- 

In te res t i ng l y ,  the maize gene contains an in tervening 

However, un l i ke  Droso h i l a  cognate gene, t r a n s c r i p t i o n  of our 
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1478 ZEA MAYS DNA SEQUENCE HQ4OLOGY WITE DROSOPHIU 83 AND 70 KILODALTCN BEAT SHaCK GENES. 
B.M. S in iba ld i  and P.S. Dietr ich,  Department of Molecular Biology, Zoecon Corporation, 
Palo Alto, CA. 

When the incubation temperature of 3 day old maize seedlings is raised from 27’ t o  61.C the  
synthesis  of a set of s p e c i f i c  peptides is induced. Theae proteins  have approldmate 
molecular weights of 108, 89, 85, 81, 78, 74, 72, 62, and 18 kilodal tons,  as deternioed by 
one dimensional polyacrylamide SDS gel  e lectrophoresis .  
i s  performed on Droso h i l a  c e l l s  a sipilar set of proteins  having molecular weights of 83, 
70, 68, 28, 27. e o d a l t o n s  is  induced. The 72 kd maize heat  shock protein appmrs  
t o  be one of the most abundantly induced i n  both i n  vivo pro te in  synthesis  experiments and 
i n  i n  v i t r o  t rans la t ions  of 41OC mRNA. 
abundant 70 kd heat  shock pro te in  of Drosophtla. 
t h a t  the  Drosophila 70 kd heat shock gene cross  hybridizes t o  sequencen contained within the 
maize genome. 
Both Droaophila probes detect  a set of hybridizing h n d a  i n  b lo t ted  r e s t r i c t i o n  enzyme cut 
genomic corn DNA. 
from a A l i b r a r y  of maize DNA. 
phage L47.1 and have begun t o  screen i t  with both Drosophila probes. 
analyzing some pos i t ive  plaques f o r  the presence of corn heat  shock genes. This report  i s  
par t  of a project  t o  understand and character ize  the  heat  s t r e s s  response i n  maize. 

When a comparable temperatur. s h i f t  

This protein is assumed t o  be homologous t o  the  
W e  and others  have previously reported 

We have extended t h i s  observation to  t h e  Droaophila 83 kd heat  shock gene. 

The sequence homology is s u f f i c i e n t  t o  a l l w  se lec t ion  of genomic clones 
We have constructed a DNA l i b r a r y  of corn DNA with t h e  A 

We a r e  cur ren t ly  

1479 TEMPERATURE-DEPENDENT ALTERATIONS IN THE DYNAMICS OF BARLEY ROOT PLAN =ME-BOUND 
PROTEINS, C h a r l e s R .  C a l d w l l ,  P lan t  S t r e s s  Laboratory, U.S. Department of Agriculture. 
Beltsville. MD 20705 

Fluorescence quenching and meaourement of pro te in  sulfhydryl  group r e a c t i v i t y  w e r e  used t o  
inves t iga te  temperature-induced changes i n t h e  pro te in  dynamics of bar ley root  plasma medrane- 
enriched microaomos. The i n t r i n s i c  tryptophan fluorescence of the  membrane-bound pro te ins  was  
modified by changes in temperature, detergents .  and cross-linking reagents  in a manner which 
suggests considerable aggregation o f t h e p r o t e i n s  in the  na t ive  membrane. Tenperature-dependent 
a l t e r a t i o n s  in t h e  quenching of membrane pro te in  fluorescence by e x t r i n s i c  agents  and the  
r e a c t i v i t y  of membrane proteZnnulfhydrylgroups t o  a f luorescent  malelmide probe ind ica te  
major changes in membrane prot.ein.dpamibs,as the  temperature is ra i sed  from 25 t o  35 O C .  

The  enzyme-substrate a f f i n i t y  of t h e  Mgz+-dependent ATPase of bar ley root  plasma membranes 
decreased 8 fo ld  over t h e  same temperature range, ind ica t ing  a l t e r e d  enzyme conformation o r  
polymeric s t ruc ture .  These results suggest cooperative changes inmembrane pro te in  conformation, 
rates of l a t e r a l  d i f fus ion ,  v e r t i c a l  displacement. and/or aggregation occur over t h i s  
temperature range. Since t h e  temperatures which induce t h e  measur8d changes i n  pro te in  
dynamics a r e  dependent upon t h e  growth temperature of the bar ley seedl ings,  temperature- 
induced changes i n  membrane pro te in  dynamics could provide a primary sensor f o r  p lan t  
responses t o  temperature var ia t ions  and might determine the upper limits f o r  bar ley seedl ing 
growth. 

Damage to  membrane t ransport  during ice  encasement injury of isolated winter wheat 
c e l l s .  C.J. Andrews and M.K. Pomeroy. Chemistry and Biology Research I n s t i t u t e ,  
Agriculture Canada, Ottawa, K1A OC6 

1480 

Uptake of 06Rb by‘isolated c e l l s  of winter wheat is rapidly inhibi ted by the low 
temperature anaerobic s t r e s s  of  ice  encasement, but e f f l u x  of “Rb and amino acids  is 
increased a t  a much lesser  r a t e  by the s t r e s s .  Calcium (ug t o  10 mM),has a promotive 
e f f e c t  on survival  of c e l l s  -in ice. has  an i n i t i a l  inhibi tory 
e f f e c t  on the uptake of  l abe l ,  b u t ’ a f t e r  more than 1 hr exposure t o  the labe l ,  there  i s  
a promotive e f f e c t  of Ca++ on tiptake. 
decrease ‘‘Rb uptake, which Is p a r t i a l l y  reversed by Ca++, but the inh ib i tors  have l e s s  
e f f e c t  on “Rb eff lux.  
both uptake and ef f lux  levels .  
t ransport  enzymes has a cent ra l  ro le  i n  ice  encasement injury t o  c e l l s .  AS c e l l s  have 
s imilar  response t o  ice  encasement as  i n t a c t  leaves end p lan ts ,  the information i s  relevant 
t o  ice  injury i n  the f i e l d ,  which i s  a major fac tor  i n  winterki l l ing of cerea ls  i n  eastern 
Canada. 

After ice  s t r e s s ,  Ca+ 

A number of inh ib i tors  of plasma membrane a c t i v i t y  

Respiratory inh ib i tors  decrease overal l  c e l l  survival ,  and reduce 
These r e s u l t s  indicate  tha t  damage to  plasma membrane 
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1481 A NEW SIMPLE AND EFFICIENT cDNA CLONING SYSTHd, Danny C. Alexander, Thomas D. 
McKnight, and Bill C. Williams, ARC0 Plant Cell Research Institute, Dublin, CA 94568-2685 

A highly efficient, versatile, and simple-to-use system for cDNA cloning of polyadenylated 
mRNAs is presented. The system is a modification of the method of Okayama and Berg (Molecular and 
cclL;llu Bid, 1982, Z161). In our system the final cDNA inserts are bordered on both sides by 
polylinkers, permitting easy subcloning and determination of insert sircs. The preparation of the 
vector-primer is simplified by elimination of the gel electrophoresis purification step and one of the 
restriction enzyme digestions. The linker piece, used to complete the cyclization of the cDNA-vector 
pieces, is easily prepared at a yield of two moles per mole of plasmid and isolated by acrylamide gel 
electrophoresis. Using a variety of templates, including rabbit globin mRNA, tomato leaf mRNA, and 
watermelon embryo mRNA, we have obtained efficiencies of cloning into HBlOl of approximately I@- 
lo5 cDNA inserts per microgram of starting mRNA. Preliminary analysis revealed that a high 
percentage of the globin clones are full length or nearly full length. W e  have isolated several cDNA 
clones for the small subunit of RuBP carboxylase from tomato leaf mRNA. These plasmids were 
identified by virtue of their hybridization to a s0ybe.m small subunit probe. Partial DNA sequence 
analysis confirmed their identity as small subunit cDNA clones. A cDNA library made with rnRNA from 
leaves of heat-adapted tomato plants is presently being screened using a new low-background colony 
screening method (Taub & DNA, 1913, in press) that allows differential hybridization analysis on a 
single filter. 

THE FLAX GENOKE - ITS PLACTICITY AND RESPONSE TO STRESS, C. A. Cullis, John Innes lW 
A number of DNA sequences which vary between the environmentally induced genotrophs of the 
flax variety “Stormont Cirrus’’ have been isolated. These include the ribosomal DNA, 55 DIVA, 
a part of a sequence which acts like a transposable element and a numbar.of uncharacterised 
repetitive sequences. In addition to these, a number of cloned sequences which did not vary 
between genotrophs have also been isolated. 
sequences are included in both variable and constant classes. Even within a sequence set, nam- 
ely the 5s DNA, particular recognisable subsets appear to be differentially affected. 

The DNAs from normal seed derived plants, callus tissue and the progeny of regenerated plants 
have been compared using a number of probes characterised in the genotroph study. The same 
two classes appeared, that is, sequences which varied between genotrophs also varied between 
plant, callus and regenerants, while those which we? constant in the genotrophs were also 
invariant between plant, callus and regenerants. The two classes are also apparent when a 
comparison was made between the DNAs from various flax and linseed varieties and the supposed 
progenitor of flax Linum bieMe. 

From these results it is proposed that the flax genome is compartmentalised into 2 parts, one 
of which is variable and the other which is constant. The effect of “stress” is to cause 
change in the variable component which is responsible for the phenotypic variation subsequent- 
ly observed. 

Institute, Colney Lane, Norwich NR4 7uH 

Examples of highly repetitive, tandemly arranged 

1483 cDNA Sequence Comparisons of Developmentally Regulated Cottonseed 
Storage Pro te in ,  Caryl A.  Chlan, Jana B. Pyle,  Glenn A. Galau, Leon S .  
Dure, Universi ty  of  Georgia, Athens, Georgia, 30602 

Throughout embryogenesis and germination of  cot tonseed,  seven developmen- 
t a l l y  regula ted  gene fami l ies  can be i d e n t i f i e d .  These f a m i l i e s  d i f f e r  i n  
t h e i r  r e l a t i v e  abundance of mRNA and p r o t e i n  populat ions i n  response t o  
development. 

t o  t h e i r  i n  v i t r o  p r o t e i n  products (60, 69 kD), t h e  mature p r o t e i n  products 
( the  52 kb-g-ylated and t h e  48 kD p r o t e i n  spec ies )  and r e l a t i o n s h i p s  
between t h e  two forms. 

Based on hybr id iza t ion  s t u d i e s  of cDNA clones,  t h r e e  subgroups of s torage  
pro te ins  have been i d e n t i f i e d .  The 69 kD v i t r o  t r a n s l a t i o n  product 
corresponds t o  a s i n g l e  group of cDNA c l o n e s a n d t h e  69 kD p r o t e i n  form is 
represented by two hybr id iza t ion  c l a s s e s  of cDNA clones.  DNA sequence compari- 
sons between cDNA clones represent ing  t h e  69 kD and 60 kD precursors  are 
presented.  

One subse t ,  t h e  cot tonseed s torage  p r o t e i n s , h a s  been w e l l  charac te r ized  as 
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1484 Levels of Expression of Different mRNA Families During Cottonseed Embry- 
ogenesis, Jean C. Baker, Glenn Galau and Leon S. Dure, University of 
Georgia, Athens, Georgia, 30602 

Seven differently regulated mRNA families become abundant at periods during 
cottonseed embryogenesis. Each of these mRNA families has subfamily members 
whose regulation is basically that of the family but is not strictly coordinate 
huring the time of expression. 

We have analyzed several of these families by solution and filter hybridiza- 
ion. Cloned probes representing specific members of mRNA subfamilies were 
ybridized to mRNA extracted from cottonseed embryos at different developmental 
tages and the relative levels of these mRNA sequences deduced. 
One of the families studied contains mRNA for the two major cotton storage 

roteins. This family is coordinately regulated but differs as to the amount of 
ximum expression. Another family contains &NA sequenees that become abundant 
ate in embryogenesis. C tf analysis shows that this family may be divided into 
ubfamilies based on difFerences in coordination of their expression. 

F 

1485 TRANSCRIPTION OF THE LEGUMIN GENES IN PEAS (PISUM SATIVLM L.) : EFFECTS OF SULFUR 
DEFICIENCY. Larry R. Beach, D. Spencer, P.J. Randall and T.J.V. Higgins, CSIRO, 
Division of Plant Industry, GPO Box 1600, Canberra, ACT 2601, Australia. 

1 
e consequence of sulfur nutrient deficiency in developing pea seeds is a selective 
uction in the proportion of legumin, one of the two major storage proteins. 
A levels in developing S-deficient pea seeds are less than 10% of the levels in normal 
ds. In addition, levels of both legumin and legumin mRNA rapidly return to normal when 
eficient plants are supplied with sulfate (recovered plants). The aim of this work was 
determine if the decreased level of legumin mRNA in S-deficient peas is due to decreased 

The legumin 

anscription of the genes or decreased stability of the mRNA or a combination of these 
ctors. 
anscription assay. 
covered plants and 2ncubated in the presence of [U~~-P]GTP. 
rified and hybridized to cloned legumin cDNA immobilized on nitrocellulose filter discs. 
corporation into legumin mRNA was two-fold higher in recovered nuclei than in nuclei from 
deficient plants. 

covery. 
able than in cotyledons from plants with ample S .  
e major seed storage protein, legumin, is a reduced level of transcription of the legumin 
nes and more importantly, reduced stability of the legumin mRNA after transcription. 

The relative transcription rate of the legumin genes was determined using a nuclear 
Pea seed cotyledon nuclei were isolated from S-deficient and 24 hr 

The nuclear RNA was then 

This two-fold increase in the relative transcription rate is insufficient 
account for the ten-fold increase in legumin mRNA levels in cotyledons after 24 hrs 

We conclude that legumin mRNA transcripts in S-deficient cotyledons are much less 
The effect of suboptimal S supply on 

1486 
ming the process of abscission or fruit ripening, ethylene causes the rapid synthesis of 
the enzyme cellulase. 
into the cell wall area where it hydrolyms the cell wall mterial to allow abscission or, 
in the case of fruit ripening, to soften the walls of the fruit. 
eysten, the isoenzyme of cellulas associated with the abscission process is nonexistent 
prior to the ethylene stimlation. 
abscission cellulase that a form of this enzyme is enbedded in the pl- &rane. 
form can be detected only after solubilization of the E&I- with Tritons X-100. 
W a n e  bound cellulase has a larger mlecular weight than the abscission cellulase 
wMch m y  suggest that an insertion protein is functioning in the transport of this 
enzym across the pl- membrane. We are presently making mnoclonal antibodies to the 
bission cellulase to assist in following its transport fmn the cytoplasn through the 
plaam &me into the cell wall area, and to better understand the relationship 
betaRen the d r a n e  bound cellulase and the form ultimately found in the cell wall area. 
Although the differentiation process being studied in my laboratory is found only in the 
differentiation of plants, the mechaniSa by which a specific enqm is transported across 
the pl- rm&rane is of interest to all cell biologists. 

1487 DEVELOPMENT OF INTRANUCLEAR MICROINJECTION INTO PLANT PROTOPLASTS, Terry J. Rei ch, 
Larry A. Holbrook*, Brian L. A. Miki , and V .  N. Iyer. 
*Agriculture Canada, Ottawa, Ontario, Canada. 

THE RQLE OF THE PLASMA MEMBRANE IN CELUlLAsE ACFA"TICN IN HI- PLAN'S, h l l  N. 
Lewis, University of California, Berkeley, CA 94720 

The enzym is transported across the pl- d r a n e  and released 

In the abscission 

It has been shown by the use of antibodies to the 
This 
The 

Carleton University and 

The technique of intranuclear microinjection of plant protoplasts for the purposes of 
genetic transformation is currently being developed. 
attached to grid patterns photoengraved on cover slips after nuclei have been stained with 
fluorescent dyes. 
after micropipettes are inserted into the nucleus. 
swell of the nucleus. As compared to controls, 90% of the injected protoplasts go into first 
cell division. Single cell analytical techniques for following the short-term fate of 
injected Ti-plasmid of 4. tmfaciens are under development. 
controls humidity, temperatuh and sterility enclose the microinjection apparatus and 
ensures long-term survival of;protoplasts after injection. 

Protoplasts of Meedicaao *a, are 

The entry of DNA is visualized by the 
A specifically-designed syringe system can start and stop the flow of DNA 

An environmental chamber that 
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1488 
The herbicidal diphenylethers (DPES) have an absolute light requf-t for activity 
Evidence accumulated to date suggesta two sites of DPE action within the cell. 
sites is located in the chloroplast. 
photoaffiaity analog and tests of physiological functions point to a stroaal or envelop 
binding site for the DPls. Experiments are u a d e m y  to identify the protein or proteid 
involved in DPE binding. 

DIPHENYLETRER-CHLOROPLAST INTERACTIONS, Ruth G. Alscher and Scott H. Wettlaufcr, Boyce 
Thompson Institute, Tower Road, Ithaca, NY 14853 

b e  of these 
The results of both competition studies using a 

1489 MANIPULATING FATM A C I D  COMPOSITION OF CULTURED SOYBEAN CELLS, Ui l l4am B .  Terraghi. 
Pete D. Gardner, and Kar l  G. Lark, Univers i ty  o f  Utah. Dept. o f  Biology. S a l t  Lake 
City, UT 84112 

Adaptive changes i n  membrane l i p i d s  are a major response t o  p lan t  stress. We a re  studying 
the in f luence o f  f a t t y  ac id  composition on s t ress responses o f  cu l tu red  soybeanml l s .  We 
have i n h i b i t e d  f a t t y  a c i d  biosynthesis w i t h  ceru len in and supplied f a t t y  acids h the medium. 
Cerulenin k i l l s ,  bu t  t rea ted  c e l l s  grow i f  f a t t y  acids are added. A a i x t w e  o f  Utvrrted and 
unsaturated f a t t y  acids must be supplied. but  c e l l s  w i l l  grow i n  t h e  presence o f  t e r u l e n l n  
and a va r ie t y  o f  f a t t y  ac id  combinations. Cel ls  grown i n  c e F l e n i n  and heptadecanoic ac id  
(and an unsaturated f a t t y  acid) tncorporate t h i s  ac id  as a major cwponent o f  t h e i r  l i p i d s ,  
whereas i t  i s  no t  detected i n  c d l s  grown wi thout  ceru len in o r  i n  ceru len in and o the r  f a t t y  
acids. These r e s u l t s  show t h a t  k a t t y  ac id  composition may be a l te red  i n  a d i rec ted  manner. 
Character is t ics  o f  c e l l s  w i t h  dlt'erZed f a t t y  ac id  compositions w i l l  be described. Ye are a lso 
using these cha rac te r i s t i cs  t o  deJise se lect ions f o r  f a t t y  a c i d  auxotmphs. 

This work was supported by NSF Grant PCW&077\; WT ws supported by NSF Preaoctoral Fellow- 
sh ip SPE835-0132. 

1490 ETHYLENE STIMULATION OF ETHYLENE INDUCTION BY CELL WALL DIGESTING ENZYMES, James D. 
Anderson, Edo Chalutz and Autar 1. Mattoo, P l a n t  Horntone Laboratory, PPHI, BARC. 
B e l t s v i l l e ,  MD 20705. 

Ethylene synthesis i s  induced i n  tobacco l e a f  d iscs by a v a r i e t y  o f  c e l l  wal l  d iges t i ng  
enzyme mixtures (e.g. Ce l l u l ys in )  r o u t i n e l y  used i n  protop last  production. Preincubation 
o f  leaves f o r  6h t o  18h i n  60 ppn ethylene increases t h e i r  responsiveness t o  a c t i v e  c e l l  
wal l  d iges t i ng  enzyme mixtures by increasing ethylene production up t o  10 f o l d  over 
non-pretreated leaves. This i nduc t i on  appears t o  be a t  t h e  l e v e l  o f  t he  r a t e  l i m i t i n g  
enzyme, 1-aminocyclopropane-1-carboxyl i c  ac id  (ACC) synthase, which converts 
S-adenosylmethionine t o  ACC. The sens i t i za t i on  o f  t h e  l e a f  t i  sue by ethylene i s  

t h a t  several new prote ins are induced by ethylene; however it i s  not known whether t k s e  
prote ins have anything t o  do w i t h  t h e  p o t e n t i a t i o n  o f  ethylene biosynthesis i nduc t i on  by 
t h e  ac t i ve  f rac t i on .  A h igh l y  p u r i f i e d  ac t i ve  f r a c t i o n  from Ce l l u l ys in  t h a t  induces 
ethylene production has been i so la ted  by a canbination o f  membrane u l t r a - f i l t r a t i o n ,  
Sephacryl gel f i l t r a t i o n  and preparat ive i s o e l e c t r i c  focusing. The p u r i f i e d  f r a c t i o n  i s  
not  i nac t i va ted  by proteinase K. t r y p s i n  o r  chymotrypsin but  i s  t o t a l l y  abolished by 
treatment w i th  3% SDS o r  by incubat ion a t  7DC and 50% a t  6OC. 

i n h i b i t e d  by cycloheximide. Pulse l a b e l i n g  o f  t i ssues  with [3 5 SY-rwth ion ine revealed 

Plant Responses To Biological Stimuli 

1491 
An efficient process exists to ensure that viral RNA is incorporated into tobacco mosaic virua 
particles; assembly is initiated by reaction of 8 capsid protein oligomer with a specific 
viral RNA encapsidation initiation site. Nevertheless. preparations of tobacco mosaic virus 
are found to contain pseudovirions. particles resembling virions but containing host rather 
than viral RNA. Several virus strains were tested and all were found to contain pseudovirions 
with the U2 strain containing more than the others. The encapsidatad host RNA is protected 
from degradation by pancreatic ribonuclease and is composed of discrete sized species which 
anneal to chloroplast DNA. 
hybridizes both to one or more pseudovirion RNA species and to the same sized species present 
in an uninfected-leaf extract. All chlorplast ENA transcripts, except for ribosomal RNA. 
appear to be encapsidatad. Thus, the indication. are that chloroplast rescertger transcripts 
have a site in collson which raserbles the virion RtU encapsidation inithtion site. Pseudo- 
virion formation may be 00e 08 the factors governing plant response to infection. 

TOBACCO MOSAIC VIRUS COAT PROTEIN ENCASIDATES CHLOROPLAST DNA TRANSCRIPTS, Albert 
Siege1 and D'Ann Rochon, Wayne State University, Detroit, MI 48202 

Almost every component of a petunia chloroplast DNA clone bank 

240 



Cellular end Molecular Biology of Plant Stress 

DISEASE INDUCING DETERMINANTS OF CAULIFLOWER MOSAIC VIRUS,  Stephen D. Daubert, 
14' James Schoelz, and Robert J.  Shepherd, Department of Plant  Pathology, University of 
Cal i fornia ,  Davis, CA 95616 
In an e f f o r t  t o  determine i f  p a r t i c u l a r  regions of the  caul i f lower mosaic v i rus  (CaMV) 
genome could be associated with p a r t i c u l a r  phenotypic charac te rs ,  s t r a i n s  of CaMV 
d i f f e r i n g  i n  b io logica l  propert ies  were recombined i n  v i t r o  t o  produce hybrids. Seg- 
ments of DNA from cloned infec t ious  genomes were excised and recombined by l iga t ion  
i n  v i t r o ,  o r  by simultaneous inoculat ion t o  turn ip  plants  f o r  l i g a t i o n  i n  vivo. Re- 
combinants i n  infected p lan ts  were character ized by r e s t r i c t i o n  mapping of t h e i r  DNA t o  
confirm the hybrid being sought. New hybrid s t r a i n s  t h a t  induced less severe disease,  
o r  more severe disease,  than e i t h e r  parent could be produced. These experiments 
indicated t h a t  typ ica l  disease induction ( leaf  chlorosis  and mottling) maDped t o  open 
reading frame V I  (ORF VI). Insec t  t ransmiss ib i l i ty  mapped t o  ORF 11. The a b i l i t y  t o  
i n f e c t  solanceous plants .  t es ted  by recombination of an ordinary s t r a i n  with one t h a t  
in fec ted  Datura stramonium systemical ly ,  w a s  control led by ORF V I .  In  t h i s  case the  
systemic mobilization of v i rus ,  t h a t  otherwise repl icated only loca l ly ,  suggested ORF V I  
probably functions i n  cel l - to-cel l  movement of the v i rus .  

1493 

In contrast to most normal cells, plant cells transformed with Ti-plasnids 
of Agrobacterium tumefaciens grow in tissue culture without addition of horm- 
ones like auxins and cytokinins. Genetic experiments show that auxin-indepen- 
dence is controlled by two different, cooperating genes. Our recent experi- 
ments show that these genes can be expressed into defined proteins in bacte- 
ria, e.g. E. coli and Agrobacteria. Since Agrobacteria as well as crown gall 
cells actively synthesize i1$dole-3-acetic acid, we tested whether the genes 
code for enzymes of auxin biosynthesis. 
E. coli and Agrobacteria expressing gene 2 from the T-region, an "auxin-gene'' 
hydrolyze indole-3-acetamide into indole-3-acetic acid, and the plant hormone 
was unarhiguously identified by mass spectrometry. Crown gall cells, but not 
normal cells, also possessed the enzyme activity, and the properties of the 
enzymes in bacteria and in plant cells are very similar. In both systems the 
K for indole-3-acetar~ide is about 1 pM. 
fle results suggest that at least one of the tumor genes of the T-DNA of 
Ti-plasmids codes for an amidohydrolase which is directly involved in auxin 
biosynthesis in transformed plant cells. We are currently testing whether 
other genes of the T-DNA also code for enzymes of hormone Siosynthesis. 

THE T-REGION OF TI-PLASMIDS CODES FOR AN ENZYME OF AUXIN BIOSYNTHESIS. 
Joachim SchrBder, Hax-Planck-Institut fur Zilchtungsforschung, 
D-5000 xoln 30, FRG 

1494 
Pseudmnas syringae pv savastanoi i s  a phytopathogenic bacter ia  t h a t  causes hyperplasias 
(ga l l s )  a t  the i n f e c t i o n  s i t e .  The bac te r ia l  synthesis o f  indoleacet ic  ac id  (IAA) has been 
shown by genetic and molecular means t o  be a v i ru lence fac to r  i n  t h i s  host-pathogen in te rac t -  
ion. I n  an e f f o r t  t o  e luc idate the  factors  c o n t r o l l i n g  the synthesis o f  IAA, we have 
characterized the physical and regulatory  proper t ies o f  tryptophan 3-mnooxygenase (TMO) , an 
enzyme cata lyz ing the ox ida t i ve  decarboxylat ion o f  t r p  t o  form 3-indoleacetamide (IM) -- the 
i n i t i a l  s tep o f  IAA synthesis. TMO was p u r i f i e d  from c e l l - f r e e  lysates o f  E. c o l i  SK1592- 
P U C E  (a pBR328-derived chimeric plasmid which contains a c o n s t i t u t i v e l y  expressed TW gene) 
bY a m n i u m  s u l f a t e  f rac t i ona t ion  fol lowed by sequential chromatography on DEAE-cellulose. 
hydroxyapatite, and phenyl-sepharose. The r e s u l t i n g  preparation was homgeneous f o r  a 62 kd 
polypeptide which contained a s ing le  c a t a l y t i c a l l y - a c t i v e  FA0 m i e t y .  Iuuunological evidence 
ind icates t h a t  the E. c o l i  enzyme i s  s i m i l a r  t o  the p'. enzyme. 
propert ies. THO exhib i ted simple Hichaelis-Menton k ine t i cs  w i t h  an apparent Km for t r p  o f  
50 uM. 
an I50  a t  [ t r p l h  o f  230 uM. 
a regulatory  metaboli te. 
proper t ies o f  1MO. 
suggest t h a t  IAA synthesis i s  regulated by substrate a v a i l x i l i t y  and by IAM-IAA l eve l s .  
(Aided by grants from the USDA-CRGO and WF) 

REGULATION OF IAA PRODUCTION I N  PSEUDOMONAS SYRINGAE PV SAVASTANOI. Steven W. 
Hutcheson and Tsune Kosuge. Un ive rs i t y  o f  Ca t i f o rn ia .  Davis. CA 95616 

llhen tested f o r  k i n e t i c  

I A M  was found t o  be a potent competit ive i n h i b i t o r  w i t h  an apparent K i  o f  7 uM and 
A proposed ,storage intermediate, IAA-lys, was i n e f f e c t i v e  as 

Other aromatic amino acids ( t yb  phe) had no e f f e c t  on the k i n e t i c  
As TMO i s  c o n s t i t u t i v e l y  expressed i n  Ps. savastanof, these resu l t s  
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1495 AN AMINO ACID CONJUGATE OF UA AID VIRULENCE IN PSEUDOMONAS SYRINGAE PV. SAVASTANOI 
N. Louise Glans and Taune Kosuge. University of Cal i fornia .  Davis, CA 95616 

G a l l  formation is dependent upon the  
The phytopathogen, Pseuda~nas syrinnae pv. savastanoi  @. savastanoi) i n c i t e s  the  

production of g a l l s  oa olive lad oleander plants .  
aynthuir, of the phytobotlrrmo. indoleacet ic  acid (IAA). 
savastauoi  t o  an mino a 4 d  conjugate of IAA, 3-lndoleacetyl-e-L-lyeine (UA-lysine). 

are not  part of the IAA opetop based on ana lys i s  of inser t ion  Iputanta i n  the  f i r s t  locus of 
the  IAA o p e r a .  
that t h e  IAA-lysine conjugate s’mthetaso d e t e m b e n t s  are located i n  e l o a e ~ r o x i m i t y  t o  the  
UA o p e r a .  

a c c d a t e  as much as th ree  tinos nore  IAA than the vild-types. 
oleander plants .  these mutants produce cons is ten t ly  la rger  g a l l s  than the  parental  type. 
When analyzed for IAA-lyslne product iw.  these mutant8 e i t h e r  f a i l e d  t o  produce any detect-  
abla  I M  conjugate or produced it a t  reduced levels. These r e s u l t s  suggest that conversion 
t o  t h e  l y s i n e  conjugate helps  t o  r@te f t e e  IAA pool size. in t h e  phytopathogen, and 

IM is f u r t h e r  metabolired by &. 

fha genet ic  determinants $or u1(-lysine synthes is  are local ized on the  @A placmld. but 

Evidence o b t h e d  u t i lLz ing  de le t ion  mutants in the WAA blasmid suggest 

P s .  ssvastanoi  mutants isoiartn zolloving aeLcchion f o r  res i s tance  t o  aza-tryptophan 
Upon inocylat ion i n t o  

therefore ,  alm help. to modulate vlrulence 10%. savas tawi . (Aldd  by grants  from the 
USDA-CXGO and NSF) 

REVERSION OF TUMORS INDUCED BY AGROBACTERIUM RHIZOGENES, Brian H. Taylor ,  
Frank F. White, Richard M. Anasino and H i l t o n  P. Gordon, U n i v e r s i t y  o f  
Washington. S e a t t l e ,  WA 98195 

1496 

A robacterium rhizogenes, the causative agent o f  h a i r y  r o o t  disease, i n c i t e s  + tumors on d cotylcdonous p l a n t s  by t r a n s f e r r i n g  b a c t e r i a l  DNA from i t s  R i  ( root -  
inducing) plasmid i n t o  t h e  host p l a n t  genome. Unl ike  crown g a l l  tumors induced 
by the c l o s e l y  r e l a t e d  A .  t u m f a c i e n s ,  h a i r y  r o o t  tumors e x h i b i t  a high frequency 
of revers ion v i t r o .  T i f T e r e n t i a t i n g  f i r s t  i n t o  roots and then i n t o  i n t a c t  p l a n t s .  
Revertants have b e e n o b t a i n e d  i n  two species o f  Nicotiana: N. lauca and N .  tabacum 
cv. Xanthi.  A number o f  these rever tants  contain T-DNA and F x h h e r r a c t  mar- 
-logy. T-NA i ’ s e r t s  I n  these rever ted l i n e s  were examined t o  determine i f  changes 
bd occurqed w h i l h  might be responsible f o r  the  rever ted phenotype. Transcr ipt ion 
o f  the T-DNA I n  these l i n e s  was a lso examined 

1497 

Close in te rac t ions  between a s o i l  bacterium and the  plant  can prove benef ic ia l  f o r  the growth 
and product ivi ty  of c e r t a i n  agr icu l tura l ly  important crops. It would be of value i f  such close 
in te rac t ions  could be maximized. One s t ra tegy  for  insuring such a re la t ionship  involves the  
a b i l i t y  of the  b a c t e r i a l  par tner  t o  s p e c i f i c a l l y  and e f f i c i e n t l y  u t i l i z e  a n u t r i t i o n a l  source 
produced by the  plant  which is  not ava i lab le  t o  competing s o i l  f lo ra .  Agrobacterium tumefaciens 
exhib i t s  such a s e l e c t i v e  advantage by s p e c i f i c a l l y  catabol iz ing novel carbon sources, ca l led  
opines, produced by crovn g a l l  tumors. We a r e  inves t iga t ing  the genet ics  of mannityl opine 
u t i l i z a t i a r  by bac ter ia  a s  a model system for  t h e  construct ion of se lec t ive  plant-bacter ia l  
par tnerships .  The l o c a t i m  of genes required for mannopinic acid catabolism was determined by 
cloning octopine-type T i  plasmid f r a p n t r  i n  an Agrobacterium tumefaciens plasmid vector .  
Only =I fragment 1 car fer red  on s t r a i n  NT1 the  a b i l i t y  t o  u t i l i z e  t h i s  opine as  so le  source 
of carbon. Clming  -111 p a r t i a l s  of t h i s  fragment i n t o  pKT231 yielded a broad host range 
plasaid encoding t h i s  ca tabol ic  t r a i t .  Neither clone allowed s t r a i n  NT1 t o  u t i l i z e  mannopine, 
agropinic  acid,  or agropine, the other  opines of the  mannityl opine family. Hovever, when a 
recombinant plaamid harboring -1 fragment 6 of the  T i  plasmid was introduced i n t o  these 
s t r a i n s ,  they acquired the  a b i l i t y  t o  u t i l i z e  mapnopine and agropinic acid.  The recombinant 
plasmids a r e  being introduced i n t o  Pseud qnd Rhitobium a t s i n s  t o  determine i f  these 
organisms can be engineered t o  u t i l i z e  t b e x  c o m p r  

OPINg CATABOLISM AhlD PLIWI-BACTERIAL INTERACTIONS, Stephen K. Farrand, Yves Dessaux 
and Jacques Tempe, S t r i t c h  School of Medicine and University of Paris-Sud. 
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\GROBACTERIUM CHRMDWW fEMS 'mVOLVED IN ATTACHMENT TO PLANT CELLS,Carl J. 
Douglas, Walter Halperln and Eugene W. Nester, University o f  Yashington, Seattle, 
WA 98195 

1498 

An i n i t i a l  step i n  crown ga l l  tumor formation by Agrobacterium tmefaciens i s  the attach- 
ment o f  Agrobacterium to  plant cal ls.  We have studied th i s  process by measuring the a tbch-  
ment o f  Agrobacterium to suspensions o f  freshly isolated Zinola leaf nesophyll ce l l s .  Analysis 
o f  avirulent mutants w i th  Tn5 insertions i n  chromosomal DNA showed tha t  nine such independent- 
l y  isolated mutants were defective i n  the i r  a b i l i t y  t o  attach t o  plant cells. This pheno- 
type was l inked t o  the Tn5 insertions. Cosmid clones o f  Tn5 containing DNA from several 
nutants were constructed, and these clones were used to dcduca a res t r i c t i on  map spanning 
30 kb o f  the Agrobacterium (s t ra in  C 5 8 )  chromosorm. A l l  nine independently isolated 
attachment defective nutants had Tn5 inswt ions  c lmtared  w i th in  an 11 kb portion o f  th is  
regign. Wild-type chromosomal squences from th i s  vtrulence region were obtained by 
screening a cosmid bank af total A. t u a o f l c i m .  MA, and are currently being subjected to 
transposon mutagenesis. 6bett.c analysts 4f th is  chroarosomal region and biochemical analysis 
o f  attachment defective W n t h  should bo ysofu l l  i n  establishing the molccutav mechmlsla 
by which A. tumefaciens attaches t o  p lan t .u l1 .  

1499 TRANSFER OF A WTMT m~ GENE, THAT CONFERS PWLINE OVERPRODUCTION AND INCREASED 
0SM)TOLERANCE ON E. c k  INTO PLANT CELLS. Stanton 6. Gelvin, Ray A. Bressan and 
Laszlo N. Csonka,-PuFdue University, West Lafayette, I N  47907 

Higb in t race l lu la r  levels o f  prol ine confer increased tolerance o f  osmotic stress on bacte- 
r i a .  Proline overproducing mutants o f  E. c o l i  have been isolated which have, as a c m e -  
quence of the mutation, acquired increase-sistance t o  osmotic stress. The flqt enzyme o f  
prol ine biosynthesls. y-glutaayl kinase. rrhich i n  E .  c o l i  i s  encoded by the proB gene, i s  
normally subject t o  feedback i nh ib i t i on  by proline. I n  the mutant strains, prol ine overpro- 
duction i s  the consequence o f  a l terat ions in  the roB ne rendering y-gluta 1 kinase 
less sensitive t o  feedback i nh ib i t i on  by p ro l i ne .%€%e cloned, on a 1 k b k  f r a p s t ,  
the wild-type r. c o l i  f r o m  a prol ine owcrproducing 
osmtolerant m u t a i d b e  introduced the wi ld- ty e and mu nt ro8 genes i n t o  A ObaclLari - un tumefaciens. As i n  E. co l i ,  the nutant gene congrs r e s i s t a n c e & . 4 - d e h y d r o p ~ ~  - A. tumefaciens, indicat ing that the E. c o l l  gene i s  not only expressed but  causes p tb l fne  
overpro uc on i n  the l a t t e r  organisg. Thcrild-t e and mutant ro8 genes have been Inserted 
l n t o  a :la%d which contains a cloned f r a  t & WB TR r e g i h  the octopine-type Ti- 
plasmid pT iM i n  such a way tha t  they S b u K  wrder d i rec t  T-DNA promoter control. A f t e r  
recontdnation i n t o  the entire Ti-plasmid in  A. t w f a c i m ,  turmK, have been inc i ted  on to- 
bacco and s m f l w e r  hypocotyls. Me are currezt ly e t e m  n ng whether o r  nut the 1-08 genes 
am expressed i n  the tumors. and i f  so, whether t i e  tdd display lacreused l e v k o f  
prol ine and a re  resistant to osmotic c t m s .  

roB+ gene and also the corresponding 

1500 TN5 MUTAGENESIS AND CLONING OF VIRULENCE FACTORS FROH PSEUDOMOW S Y B I W .  

PeeudoPlonas syringae pv. syringae and p. myringae pv. phaaeollcola are the causal agent. 
of bacterial  brovn spat and halo bligttt, respectively. l n  c 0 . 1 0 ~  bean, Phaseolue 
vulgaris. Transposition of 2h5 (kanamycln resimtance. b r )  f r o r  the snicide p l a d d  
pSUP1011, in to  the geuaaes of theoe patbovars v ( ~ 8  achiavd by conjugal transfer from 
Eecherichia ca l l  510-1011. The frequency of u&@ion t o  auxotrophy me approximately 0.5 
percent a m o n x a r l y  4000 Kmr colohies analyzed. 

mutations in virulence factoca. Th&y exhibttbd either attentuat'd o r ' e l e t e  . v i m b n c a  
i n  bioasEayS on a sueceptible mM*r of bean. Southern hybridizatiop revealed tht  Th5 
inserted in to  a unique EcoRI fr-t i n  each avirulent autant. 
containing ~ t i 5  was clonZTfrm avirulent -taut of P. s i ae  pv. s i n a e  and used aa 
a molecular probe to  identify clones with the wild t s  <*n a c l z e  k k .  A 20 kb 
inser t  i n  one cosdd clone restored the virulence phanotypa by aapl-taclan h e n  
mobilized in to  the avirulent mutant, and the avtrulent mutant p h g b t y p  mappeared when 
t h i s  cosdd was eliminated from the cello. Fine structure r e s t r l c t i m  maps bore bean 
developed of the fragment bearing -5. Further characterizatioa of this v l r n l ~ u  t ae tor  
and others identified by zh5 mutagenesis is expected to  provide new iuf-tloa abmt tbs 
mdecular mechanism of plant otress i n  this host-parasite interaction. 

-lice 
Mills, Dlrk Anderson and Frank Iilepold. Oregon State Zhiversity, Corvallis, OR 97331. 

Bcversion fqqrcacie@ were deterdned to  be l a w  (<lo- fi ) i n  16 of 20 mutants. Nine piptotrophic Knr coleoked were shorn t o  have 

A 12 kb BcoRI fregwnt 
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1501 8-GALACTOSIDASE. A SELECTABLE NON-ANTIBIOTIC MARKER FOR FLUORESCENT PSEUDWNADS, 
Bruce C. Hemning and David J. Drahos. Monsanto Company, S t .  Louis, MO 63167 

Species w i t h i n  the subgroup l b  pseudanonads ( f luorescent  species such as Pseudmonas aeru i 
- nosa, p. fluorescens, p. pu t ida  o r  p. syringae) are recognized as saprophytes and pat&- 
o f  plants. 
revealed the constant absence o f  the o-nitrophenylgalactoside hydro lys is  p o s i t i v e  phenotype 
i n  subgroup l b  pseudanonads. 
lactose as a so le  carbon source. Recombinant plasmids bearing &. coli LacZ and Lacy genes 
have been constructed fran der i va t i ves  o f  a broad host range vector plasmid. RSF1010. The 
vector and the  const ruct  plasmids at% n)lint+in@ Jn f luorescent  pseudpnronad s t ra ins .  
vectors conta in ing LacZ express the' encoded 8-galactosidase a c t i v i t y  I n  f l  orescent pseudo- 
monad st ra ins.  I n  the presence o f  4 ch rmgen ic+s t ra te .  X-Gal (S-Chlo~-4-brmo-3-indolyl- 
8-0-galactopyranoside), colonies o f  'thece .s t ra ins e x h i b i t  both thdr natul'al f luorescent  
pigment and the b lue co lo ra t i on  o f  the hydrolyzed substrate, prov id ing a unique, non-anti- 
b i o t i c  marker f o r  t rack ing the organisms o r  the plasmids themselves. 
recombinant plasmids possessing these E. c o l i  genes i s  shown to confer t he  metabolic 
capacity necessary f o r  f luorescent  p s e ' G d G d  growth on lactose minimal mediun which permits 
the se lect ion o f  such marked f luorescent  pseudornonads. 

Examination o f  more than 300 rhizosphere f luorescent  pseudmnad i s o l a t e s  has 

These i so la tes  a l so  have been found incapable o f  growth on 

Plasmid 

The in t roduc t i on  o f  

CAN EXTILACELLULAR POLYSACCHARIDGS OF BHIZOBIA P W Y  A ROLE IN HOST SPECIFICITY? 
Andrew J. Mort and Mawlung Kuo, Dept. of Biochemistry, Oklahoma Agricultural 
Experiment Station, Oklahoma State University, Stillwater, OK 74078 

There is evidence for and against the possibility that extracellular polysaccharides produced 
by rhizobia have acme role in the specificity of the infection process of legumes by 
rhizobia. Until recently it was generally thought that the polyaaccharides were species 
specific. However, it now has been reported that n. trifolii, R. Ie minosarm, and at least 
one strain of R haaeoli make seemingly identical polysaccharizea-I., Carbohydr. 
Res. 117, (15;3?-83). the potential specificity of the*.polysacchsrides is in 
question. We now report that'there' a're subtle differences betvedn'the uolymccharides of g. 
trifolii and E. legminosarm. 
By NMR and methylstion dnalysbumder neultsl conditions of blrgos4ccharidea generated 
from the polysaccharidsr by selective HF solvolysia, we have shewn thst,there is an acetate 
group on the branched glucoae of the polysaccharide only in the 5. legminosarm. There is 
an acetate group on 0-3 of the nonbranched glucose in the polysaccharide backbone in both 
apeciea. R. le 'nosarm polysaccharide has a Phydroxybutyrate esterified to 0-3 of the 
terminal pyr~vylat~alactose ad do polysaccharides frm sosic strains of 5. trifolii. 

Thus 

pyr P Y ~  
g)c-glc+g?c c g~1-3-0-5hydroxybutyrate 

glcUA*glcUA+glc+glc+ 
4 +  

3-0-Ac 2- or 3-0-Ac 

1Fn2 RACE VARIATION I N  PLANT PATHOGENS. Barbara Valent. Deoartment O f  Chemistrv. Un'fVer- . .  - _  
s i t j  o f  Colorado, Boi lder .  CO 80304 

P1 ant  breeders have i ncorporated genes conferr ing res is tance t o  pathogens i n t o  agronmical  l y  
usefu l  cu l t i va rs .  These enes a re  easy t o  incorporate because t h e i r  pa t te rn  o f  inher i tance 
i s  simole and thev i n i t i a q l v  confer  t o t a l  res is tance aaainst t h e  Dathoclen. However. genetic 
v a r i a b i l i t y  i n  a i r i c u l t u r a r l y  important fungal pathogens has prevented breeding enduring 
res is tance t o  fungal disease i n  many c r o  plants. Phys io log i ca l l y  d i s t i n c t  races o f  atho- 
gens have been i d e n t i f i e d  by t h e i r  a b i l i f y  t o  overcome these genes. Va r ia t i on  i n  atRo ens 
can be so great  t h a t  races v i r u l e n t  on a new c u l t i v a r  can appear inmediate1 a f t e r  !ntro!uc- 
t i o n  o f  t h e  c u l t i v a r  t o  t h e  f i e l d .  The genetic bas is  o res is tance i s  c u h v r r s  o f  a host 
and o f  v l ru lence i n  races o f  a pathogen was f i r s t  detemfned by H.K. FFori, who studied f l a x  
rust .  F l o r ' s  model suggested t h a t  res is tance r e s u l t s  frmn an in tekac t fep  between s p e c i f i c  
gene products o f  both t h e  pathogen and i t s  host. The major l i m i t a t i o n  o f  t h e  f l a x  r u s t  
s stem and other  s stems t h a t  have been studied genetical1 has been t h e : i n a b i l i t y  t o  grow 
tKe athogen f r e e  of I t s  host. Th is  l i m i t a t i o n  has meant tkt t h e  biochemical and molecular 
aenetic mechanisms underlvina t h e  c lass i ca l  aenetic model have not  been elucidated. WC are  
ipproaching t h e  problem o f  r i c e  v a r i a t i o n  th rou  h stud ies o f  t h e  r i c e  b l a s t  fungus P r i c u -  
l a r i a  o r  t ae  which grows on simple def ined melium. Genetic analys is  o f  virulent; h 
7iS€Kiaiii ikdbeen lmaeded bv t h e  low f e r t i l i t v  o f  f i e l d  iso la tes.  We have increased the' 
b i t i l i t y  .if P - i i c u l a r i a  s t i a i n s  through a s <tematic program o f  inbreeding and selection. 
The s t r a i n s  *&;pin w i l l  permit t l e  s t u  o f  a host- athogen system us ing both 
biochemical and ene t i c  technqques. Supported by D% (DE-AC02-7%ERO-1426), The Rockefe l ler  
Foundation (RF 81842). and Monsanto. 
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1504 A GENETIC SYSTEM FOR THE STUDY OF HOST SPECIFICITY I N  A FUNGAL PATHOGEN, M.S. 
CRAWFORD, C.G. WEAVER, K.A. PARSONS, F.G. CHUMLEY, AND B. VALENT, Dept. o f  Chemistry, 
Campus Box 215, U n i v e r s i t y  o f  Colorado, Boulder, CO 80309 

The Ascomycete P r i c u l a r i a  i s  an important fungal pathogen o f  c u l t i v a t e d  and w i l d  grasses. 
f i e l d  i s o l a t e s  +ria i n f e c t  one o r  a few d i f f e r e n t  species. S t ra ins  o f  P y r i c u l a r i a  
I n f e c t t n g  r i c e  p x i s t  as many races, def ined by the  c u l t i v a r s  o f  r i c e  which t h e  fungus can 
attack. The frequent Occurrence o f  new races has hampered attempts t o  con t ro l  t h e  disease 
i n  r i c e  through i n t r o d u c t i o n  o f  r e s i s t a n t  c u l t i v a r s .  The biochemical and genetic bas is  f o r  
b o t h  race v a r i a b i l i t y  and host  range a re  unknown. We have undertaken t h e  genetic analys is  
of P r i c u l a r i a  I n  order  t o  answer these questions. We have observed t h a t  f i e l d  i s o l a t e s  o f  
P r h r y  i n  f e r t i l i t y  according t o  host  range. I so la tes  pathogenic t o  f i n g e r  m i l l e t  
h e l y  f e r t l l e  wh i l e  those pathogenic t o  r i c e  have low f e r t i l i t y .  We have increased 
t h e  f e r t i l i t y  o f  f l e l d  i s o l a t e s  by a systematic program o f  Inbreeding and selection. The 
10% g e n f n a t t o n  o f  ascospores from crosses i n v o l v i n g  f l e l d  i s o l a t e s  has been increased t o  
g r e a t e r  than 90%. It i s  now f e a s i b l e  t o  use t e t r a d  analys is  t o  study the  genetics o f  patho- 
genicity. Crosses we have conducted between s t r a i n s  ab le and.uRable t o  i n f e c t  r i c e  i n d i c a t e  
that the re  a re  severa; l o c i  invo lved i n  pathogenic i ty  t o ra rds  r i ce .  By const ruct ing s t r a i n s  
which lack a s i n g l e  v i r u l e n t  a l l e l e "  we w i l l  i d e n t i f y  each o f  these l o c i .  The long-term 
goal of t h i s  p r o j e c t  i s  t he  i s o l a t i o n  and cha rac te r i za t i on  o f  t he  genes and gene products 
invo lved i n  pathogenicity. Supported by DOE (DE-AC02-76ERO-1426), The Rockefe l ler  Founda- 
t i o n  (RF 81042) and Monsanto. 

1505 HETEROKARYOSIS, DIPLOID FORMATION, AND GENETIC ANALYSIS I N  THE PYRICULARIA, F.G. 
'CHUMLEY, M.S. CRAWFORD, C.G. WEAVER, K.A. PARSONS, AND B. VALENT, Department o f  
Chemistry, U n i v e r s i t y  o f  Colorado, Boulder, CO 80309 

The P y r i c u l a r i a  occur as fungal pathogens o f  a number o f  grasses. The fungus i s  a haplo id  
Ascomycete w i t h  septate hyphae t h a t  normally conta in  a s ing le  nucleus per c e l l .  We have 
i s o l a t e d  a v a r i e t y  o f  mutants w i t h  a l t e r e d  n u t r i t i o n a l  requirements, drug resistances, o r  
pigmentation proper t ies,  and we are using them t o  study whether heterokaryons and t r u e  d ip -  
l o i d s  can be formed. When small agar blocks conta in ing mycelia o f  auxotrophic mutants w i t h  
complementary growth requirements are placed i n  contact  on minimal medium, vigorous proto-  
t r o p h i c  growth appears a f t e r  5-7 days' incubation. Heterokaryot ic  growth appears regard1 ess 
o f  t h e  mating type o f  t he  mutants. Heterokaryons can be subcultured by t r a n s f e r r i n g  my- 
c e l i a l  plugs t o  minimal p la tes,  but  not  by t r a n s f e r r i n g  hyphal t i p  segments. The hetero- 
karyons g i ve  r i s e  t o  sectors t h a t  i nc lude  each o f  t he  parenta l  auxotrophic types when c u l -  
t u red  on complete medium. The conid ia  i s o l a t e d  frcin a heterokaryon are auxotrophs, i n -  
c lud ing  each o f  t he  parenta l  types. E f f o r t s  are under way t o  i s o l a t e  p ro to t roph ic  conidia. 
whlch could poss ib ly  be t r u e  d ip lo ids.  Resul ts  show t h a t  such d i p l o i d  conid ia  are more r a r e  
than one i n  several thousand tested. Our ob jec t i ve  i n  these s tud ies i s  t o  perform genet ic  
complementation and dominance t e s t s  o f  'P e i c u l a r i a  mutants, espec ia l l y  va r ian ts  t h a t  d i f f e r  
i n  host  s p e c i f i c i t y  and pathogenicity. h n  gained through these analyses w i l l  pro- 
v ide i n s i g h t  i n t o  the  genet ic  bas is  o f  pathogenic i ty  and w i l l  be essent ia l  t o  subsequent 
molecular c lon ing  o f  genes t h a t  determine pathogenic cha rac te r i s t i cs .  Supported by DOE (DE- 
ACD2-76ERO-1426), The Rockefe l ler  Foundation (RF 81042) B and Monsanto. 

1 F n A  SOLUBILIZATION. RECONSTITUTION. AND SUBSTRATE SPECIFICITY OF PISATIN DEMETHYLASE ~~ - - 
FROM NECTRIA HAEMATOCOCCA. Anne E. Desjardins, David E. Matthews and Hans D. 
VanEt-rnell Un ive rs i t y ,  I thaca, NY 14853-0331. 

& N U  

Some i so la tes  o f  the fungus Nec t r i a  haematococca can demethylate p i s a t i n ,  a pterocarpan 
phytoalex in  from pea. 
p i s a t i n  and v i ru lence  on pea, and i s  cata lyzed by a microsomal cytochrome P-450 
monooxygenase system. 
enzyme. P i s a t i n  demethylase a c t i v i t y  was obtained i n  the h igh speed supernatant of 
detergent t rea ted  microsomes. i f  detergent was removed before assay. The CO-binding 
spectrum o f  the so lub le enzyme preparat ion confirmed the presence o f  cytochrome P-450. 
Recovery o f  so lub le a c t i v i t y  was approximately 30% f o r  p i s a t i n  demethylase and over 95% f o r  
NADPH-cytochrome c reductase, a normal component o f  cytochrome P-450 monooxygenases. 
Oemethylase a c t i v i t y  disappeared when reductase was removed by adsorption on 
2 '  ,!i'-ADP-agarose. 
by adding an approximately 100- fo ld  p u r i f i e d  reauctase preparation. We conclude t h a t  
p i s a t i n  demethylase requi res NADPH-cytochme c reductase f o r  a c t i v i t y .  
enzyme f o r  p i s a t i n  was approximately 0.2 pM, i n d i c a t i n g  a r e l a t i v e l y  h igh subst rate 
a f f i n i t y .  Other pterocarpans tes ted  as compet i t ive i n h i b i t o r s  showed lower a f f i n i t y .  
best  competitor was ( - ) -p isat in ,  t he  enantioner o f  t he  na tu ra l  substrate. 

P i s a f i n e t h y l a t i o n  appears t o  be necessary f o r  to lerance t o  

We now repor t  s o l u b i l i z a t i o n  and f u r t h e r  cha rac te r i za t i on  of t h i s  

The demethylase a c t i v i t y  o f  reductase-free f r a c t i o n s  could be restored 

The Km o f  the 

The 
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1507 ROLE OF MONOOXYGENASES IN PISATIN BIOSYNTHESIS AND IN THE FUNGAL DEGRADATION OF 
MMCKIAIN, David E. Matthews, Eric J. Weiner. Patty S. Matthews and Hans D. 
VanEtten, Cornell University. Ithaca, NY 14853. 

Some isolates of the plant pathogen Nectria haematococca detoxify the isoflavonoid phyto- 
alexin (-)-maackiain by h y d r o x y l a t i o n r b o n  6a [pterocarpan numbering). 
feeding studies strongly suggest that the penultimate step in (+)- isatin biosynthesis by 
P i s m  sativum is 6a-hydroxylation of (+)-maackiain. We have used 
m v m f  monoox genases in these two reactions. When fungal metabolism of nuackiain 
was performed under li0 , more than 95% of the product was labelled- no label was 
incorporated by lptabolfsm in HZ1*O. The incpase in mass due to ld0 was observed for the 
molecular ion (M ) but not for the abundant N -H,O fragment. confirming that this 
characteristic fragment in the mass spectra of 6a-hydroxypterocarpans i s  prduced by 
deh dration at carbon 6a. Pisatin synthesized by chitasan-treated pea pods in the presence 
o f  IeO or H,180 was a mixture of molecules containing up to 3 labelled oxygen at-. To 
sinpli#y the spectra, the samples were analyzed by tandem mass spectroscopy to visualize 
the fragmentation of the nolecular ion in each isotopic class. The isotope distribution of 
the M -H,O ion derived from each isotope-enriched molecular Ion revealed the extent o f  
labelling of the 6a oxygen atom. This analysis Indicated that the 6a oxygen of pisatin was 
derived from H,O and not from 0,. Labelling patterns for the other 5 oxygen atoms in 
smaller fragments were consistent with the proposed pathway for biosyntkcsls o f  plsatin and 
related isoflavonoids. We conclude that the fungal hydroxylation of nracklaln i s  catalyzed 
b r a  monooxvoenase. but the blosvnthetic route to the 6a-hvdroxvl of oisatin is unknown. 

Precursor 

labelling to test the 

1% THE ROIE OP NAPATBAZARIN PRCDUCTION BY IPECTRIA BAEM&TOCCCCA l4P VI IN PATEGENESIS Ul 
PEA (PISUM SATIVUII). Kathryn Tegtmeier. Zoecon Corporation, Palo Alto, CA 94304 

When grovn i n  cu l ture  the  plant  pathogenic fungun Nectr ia  haematococca W VI (anawrph: 
Fusarium nolani)  synthesizes a family of compounds=urally character ized as 
naphthazarina. 
the virulence of the fungus is dependent on the  production of these compounds. 
of 43 f i e l d  i so la ten  col lected f r m  diverse  habi ta t s  ident i f ied  one i s o l a t e ,  i s o l a t e  R17,  
t h a t  did not produce detectable  leve ls  of naphthazarins (nap-). 
v i ru len t  on pea, a suscept of 5. haematococca W VI. 
pea was  causal ly  re la ted  t o  the  nap phenotype, progeny were i so la ted  from a s e r i e s  of 
crosses between i s  h t e  T217 or nap- progeny derived from it and i s o l a t e s  t h a t  produce 
naphthazarins (nap ). 
for naphthazarin production a& f o r  y i v l T n  e. were scored. 
segregated a a s ingle  pair of a{l,elep ,ip t i e s e  crosses. The nap progeny had as broad a 
range of virulence as  the  nap progeny* 
conclusively t h a t  high virulence on pea €5 not re la ted  t o  the  a b i l i t y  t o  produce 
naphthazarina i n  cul ture .  

-- 
The phytotoxici ty  of several  naphthazarina has led  t o  the  hypothesis t h a t  

A screening 

And indeed, TZ17 waa weakly 
To deteraine whether low virulence on 

? Four hundred th i r ty- f ive  progeny from f i v e  cronnes. segregat ing both 

he recovery of highly v i ru len t  nap: progeny s h w s  

Naphfhazarin production 

15O9 MODE OF ACTION OF OPHIOBOLIR A. A FQNGAL PWTOTOXIN, Carl L. Tipton, Pak C. Leung and 
Stephen G. Carter, Iowa S t a t e  University, Ames, I A  50011. 

Ophiobolin A is one of a series of ses te r te rpenes  produced by phytopathogmic fungi  of 
the  genus Cochliobolus (Helminthosporium). 
we have shown recent ly  t h a t  it is a potent Inhibi tor  of calmoddin from brain,  spinach and 
maize. 

A series of s t r u c t u r a l l y  re la ted  compatnds, including anhydrophiobolin A, 6-epi- 
ophiobolin A and 18-brono-19-aethoxyophiobolin A have been i w l a t e d  or synthesized. 
e f f e c t s  on ion leakage from maize roots  and on the  a c t i v i t y  of calmodulin have been measured 
and compared with the  e f f e c t s  of ophiobolin A. 18-Brow-19-methyoxyophiobolin A has e f f e c t s  
ident ica l  t o  those of ophiobolin A both on calmodulin and ion leakage. Anhydro-ophiobolin A 
and 6-epi-ophiobolin A are less a c t i v e  than ophiobolin A i n  both asnays. 
der ivat ivea of ophiobolin A a r e  being synthesized and tented. 

and M a d ,  D., (1981) FEBS L e t t .  125. 245-8') t~ be cafmodul&-dependent. is inhibi ted by 
ophiobolin A a t  low concentrations. 

involves inh ib i t ion  of calmodulin. 

It i s  toxic  both t o  p lan ts  and t o  animals and 

Their 

Additional 

A (Ca2+-Mg2+)-ATPase from maize coleopt l len.  s imi la r  t o  an enzyme reported (Dieter, P., 

These r e s u l t s  aupport the  hypothesis t h a t  the  toxic  ac t ion  of ophiobolin A in viva 

254 



Cellular and Molecular Biology of Plant Stress 

1510 RERBIVORY INDUCED STRESS AND THE PRODUCTION OF RUBBER AND RESTSTANT FACTORS IN 
GUAWLE, Eloy Rodriguez, Phytochemical Laboratory, University of California, Irvine 
CA 92711 

Cultivars and F 
for the production of high molecular weight rubber and resisant facEors. Hybrids of guayule 
with the tropical and temperate montane species resulted in hybrids producing potent insect 
repellents and good quality rubber. 
a class of compounds not present in guayule, bue‘fpund in other species of Parthenium. 
The patterns of inheritance of rubber and resistant fgctors .in guPyule and hybridq will 
be presented and discussed. 
and selected hybrids will be highlighted (supported by NSF). 

hybrids of the rubber plant guayule (Parthenium ar entatum) were examined 

The repellents were identif Led as sesquiterpene lactones 

The effects of herbivory’on typenoid production in guayule 

INDUCTION OF A GLUCOSYLTRANSFERASE I N  DATS I N  RESPONSE TO THE ALLELOCHEMICAL 
SALICYLIC ACID. Nelson E. Balke, Cam1 C. Lee, and Michael P. Davis. Department of 1511 

Agmnoqy, University o f  Wisconsin, Hadison. W I  53706. 

Sa l i cy l i c  acid, an allelopathic, phenolic acid, i nh ib i t s  K+ absorption I n  oat (Avena 
sativa) m o t  tissue i n  a pH-, concentration-, and time-dependent manner. A t  p m a n d  0.5 
a R i c y l l c  acid, the t issue i s  able t o  metabollze the allelocheaical a f te r  a l ag  period 
of about 6 hr. We have studied t h i s  metabolism o f  sa l i cy l i c  acid. Pmte ln  extracts f r o m  
m o t  tissue incubated several hours i n  sa l l cy l l c  acid metabolized the chemical to the uw 
polar compound as excised roots did. A rapid, senrlt ive. radioactive assay t o  nteasura i n  
v i t m  metabolism of sa l l cy l l c  a d d  was developed. Uridine dlphosphate glucose(UDPG) w a r  
-red fo r  t h i s  enZy t i c  reactlon. The reaction product was the same whether 
fiC-salicylic acid or %-glucose i n  UDPG was included i n  the assay mixture. Greater 
uounts  o f  t h i s  enzyme a c t i v i t y  were extractable from tissues tha t  had been Incubated for 
longer periods o f  t i ne  i n  sa l i cy l l c  acid. Thus, t h i s  enzyme appears to be an inducible 
UDPG:salicylic acid glucosyltrrnsferase (EC 2.4.1.35). 
I n  the detoxi f icat ion of both naturally-occurring and synthetic phytotoxic chemicals. we 
are currently developing procedures t o  pur i f y  t M s  enzyme i n  ant ic ipat ion o f  characterizing 
it. 

In’ INTEGRITY, Mary W a l k e r - S k k  

Within 4 hr following wounding of the lower leaves of young potato and tomato plants, either 
mechanically with a hemostat or by chewing insects. a rapid and remarkable change was 
induced in the 
protoplasts during their isolation. 
wounding, recovery was decreased 25% below yields from leaves of unwounded plants. 
following wounding, protoplast yields were less than half of those from unwounded plants. 
Multiple woundings decreased yields even further as did chewing on the leaf by tobacco 
hornworms over a period of several minutes. 
with a razor blade caused, within 4 hr. a 90% decreaae in protoplast yields with respect to 
yields from intact plant& 
The major loss of protoplasts induced by uounding was primarily due to an increased cell 
lysis during protoplast isolation. 
membrane since newly recovered protoplasts. released from leaves of wounded plants, were 
extremely fragile and exhibited 70% lysis during low speed centrifugation. compared to 20% 
lysis of protoplasts recovered from control plants. 
It is proposed that a signal is released by wounding that playa a role in inducing cellular 
changes in the plant cells as part of their responses to environmental stress such as pest 
attacks. 

Because such enzymes are important 

(Pa r t i a l l y  supported by USDA/CRGO Gmnt Ik. 5901-0410-8-0032-0.) 

Clarence A. Ryan, Washington State University, Pullman WA 99164 

cells of upper undamaged leaves that resulted in extensive lysis of 
When protoplasts were isolated four hours after 

By 8 hr 

Additionally, excision of young tomato plants 

Cell tysis was apparently due to a weakened’cell 

1513 ISOLATION AND CHARACTERIZATION OF CDNAS FOR WOUND-INDUCED TOMATO LEAF INHIBITORS I 
AND I1 AND IN VIVO STUDIES OF THE TRANSCRIPTIONAL REGULATION OF INHIBITOR 

SYNTHESIS. John Graham, Gregory Pearce, T. Okita, J. Merryweather. K. Titani. and C.A. 
Ryan. Institute of Biological Chemistry and Biochemistry/Biophysics Program, Washington 
State University, Pullman, WA 99164; Chiron Corporation, Emeryville. CA 94608, and Dept. 
of Biochemistry, University of Washington, Seattle, WA 98175. 

Full length cDNAs for the wound-induced proteinase Inhibitors I and I1 from tomato leaves 
have been constructed and characterized. Complete amino acid sequences of the proteins, 
including their signal peptide regions, have been determined. The cDNAs have been employed 
to study the in vivo transcriptional regulation of each inhibitor mRNA synthesis in tomato 
leaf cells in response to wounding. Within four hr following a single wound mRNA levels 
for Inhibitors I and I1 rapidly increase and then slowly decrease over the next several 
hours. Repeated wounding, either initially or after several hours, causes a doubling of 
mRNA levels. The cDNAs have also been utilized as probes to identify genomic clones of 
both Inhibitors I and I1 from tomato and potato genomic libraries. 
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1514 INDUCTION OF ENZYMES OF PHYTOALEXIN SYNTHESIS IN CULTURED SOYBEAN CELLS 
BY FUNGAL ELICITOR, 3iirgen Ebel, Universitat Freiburg, 78 Freiburg, FRG 

A glucan elicitor f r o m  the fungus p. mepasperma f.sp. 1 cinea, a pathogen of 
soybean (Glycine max), induced rapid but transient inc:e:ses in the activities 
of several enzymezssociated with the synthesis of the isoflauonoid phytoale- 
win, glyceollin, in suspension cultured soybean cells. For two of the induced 
enzymes, phenylalanine ammonia-lyase (PAL) and chalcone synthase (CHS), the 
changes in catalytic activity qere shown to be preceded by large changes in 
their rates of synthesis as+ determined in v i u o  and in vitro. The earliest in- 
creases in the mRNA activities s n c a d i n g ~ h e s e e n z y m ~  could be measured at 
about 1 h, with the highest activities sccurring about 6 h after the onset of 
induction. Although diverse microbial compounds such as p. meqasperma glucan 
elicitor, xanthan, an extracellular polysaccharide from 2. campestris, and 
endopolygalacturonase, an extracellular enzyme from A. niqer, induced PAL and 
CHS to a similar extent, only the glucan elicitor efFiciently stimulated gly- 
ceollin accumulation in soybean cells. Little is known at present about the 
interactions at the molecular level between the glucan elicitor and soybean 
cells uhich will eventually lead to the induction o f  enzymqa of phytoalexin 
biosynthesis. We observed recently that the presence of Ca ions in the cell 
culture medium enhanced the281fcitor-mediated induction of PAL and CHS which 
ripht suggest a role for Ca in signal transmission. 

1515 
Diego, CA 92138; Richard A. Dixon, Un ive rs i t y  o f  London and John A. Bailey, Un ive rs i t y  o f  
B r i s t o l .  

netabol iua s p e c i f i c  to f lavonoid/ isof lavonoid biosynthesis have been invest igated i n  r e l a t i o n  
t o  expression o f  the phytoalex in  defense response i n  race -cu l t i va r  s p e c i f i c  i n te rac t i ons  be- 
tween hypocotyls o f  Phaseol 
ZindoaYlthianum. c a u d  *acnose. Ln an incompatible i n t e r a c t i o n  (host res i s tan t )  
b e r e  i s  an e a r l y  but l oca l i zed  increase i n  chaltone synthase mRNA a c t f v l t y  p r i o r  t o  the  onset 
o f  accumulation o f  the phenylpropanoTd-derived phytoalexin phaseol l in  and expression o f  hyper- 
sens i t i ve  resistance. I n  contrast, i n  a compatible i n t e r a c t i o n  (host susceptible) there i s  
no fnduct lon o f  mRNA a c t i v i t y  i n  the  e a r l y  stages o f  i n fec t i on ,  but ra the r  a delayed, wide- 
spread increase dur ing attempted l e s i o n  l i m i t a t i o n  a t  the onset o f  syrnptom development. The 
cktr I nd i ca te  thrt contro l  o f  p h y t m l e x i n  gene expression i s  l i k e l y  t o  be a key e a r l y  conpo- 
rrrt I n  the defense m p o n r e s  o f  b io log ica l ly -s t ressed c e l l s  dur ing a race -cu l t i va r  spec i f i c  
krt-prtkogclr htaractioa. 

MOLECULAR BIOLO6V OF THE PHVTOALEXIN DEFENSE RESPONSE, Chris J. Lamb, John N. B e l l ,  
Thornas B. Ryder. P lant  Biology Laboratory, The Salk I n s t i t u t e ,  P.O. Box 85800, San 

Changes i n  the  mRNA a c t i v i t y  o f  chalcone synthase. the f i r s t  enzyme o f  phenylpropanoid 

vu l  a r i s  and the p a r t i a l l y  b io t roph ic  fungus Col le to t r ichum 

1516 
W. Pristensky, and Lee A. Hadwiger, Wash. S t a t e  University, Pullman, WA 99164 

Poly A-RNA from pea endocarp tissue extracted 8 h a f t e r  inoculat ion with the  non-compatible 
pathogen Fwar iun  s o l a n i  f .  sp. phaseol i  w a s  used t o  construct  a cDNA l ib rary .  O f  2400 re- 
combinant clones screened by diff i renLll l1  hybridizat ion,  7 d i s t i n c t  homology classes vere 
se lec ted  t o  assay WAi t h a t  inclp~et  i n  abundance following inoculat ion.  Also,  in vivo 
t ranscr ip t iona l  a c t i v i t y  of t35 cofresponding p lan t  genes w a s  e s t i m t e d  by p l s e - l a b e l i n g  
endocarps with H - u r l d i n e  or PO 1 a t  0, 3, 4, 6 ,  8, 10, 24 and 48 h a f t e r  inoculat ion with 
tI 0.  t h e  noa-compatible pathogenP4or the c m p a t i b l e  pathogen, E. f .  sp. pisi. The 
d v o  labeled RNA was hybridized t o  filter-bound plasaid DNA from clones pI49, pI176, pI204, m, pI230 a d  pI259. In the  incompatible In te rac t ion  increases  in l abe l ing  occurred from 
4-61 h a f t e r  inoculat ion which w e r e  2X-7X those i n  water t rea ted  control  tissue. Labeling 
increases of general ly  lower magnitude were observed i n  t h e  compatible i n t e r a c t i o n  a t  4-8 h,  
fur ther ,  there  wa8 a re turn  to near-control leve 12-48 h a f t e r  inoculat ion.  Similar re- 
s u l t s  were obtained using each of the  clones as %-labelled probes aga ins t  Northern b lo ts .  
h m  s h l l a r  correlat ioue w e r e  observed f o r  individual  "resis tance response proteins" la- 
belled i n  i n  v i t r o  t r a n s l a t i o n  system coded with accumulated mRNh (Physiol. P lan t  Path. 23: 
153. 1 9 8 3 ) , s t h e r e  Ls M increased synthesis  of s p e c i f i c  pea mBNAs as the per  resists 
both  p. f .  sp.  at  4-8 h and a subsequent decrease i n  labe l ing  a t  12-48 h M the pea 

CDNA CLONES OF PISUM SATIvUn As PROBES FOR MONITORING GENE EXPRESSION I N  SUSCEPTIBLE 
AND RESISTANT INTERACTIONS OF PEAS W I T H  FIJSARIUM SOLANI, Robert C. Riggleman, Brian 

3 

tiOOW k- ~ S p I A $ ~ i b 1 0  _to f .  Sp. phi. 
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DISEASE RESISTANCE INDUCE0 BY HEAT SHOCK: ASSOCIATION WITH ETHYLENE PRODUCTION AND 
CELL WALL HRGP ACCUMULATION. Bruce A. Sterner and Raymond Hamnerschmidt. Dept. o f  
Botany and Plant  Pathology, Michigan State Univers i ty ,  East Lansing, MI 48824-1312. 

A b r i e f  heat shock o f  cucumber seedlings, normally susceptible t o  Clados orium cucumerinum. 
induces resistance t o  subsequent challenge by the fungus. I n 8 n e r s i h n g s  i n  a 50 C 
waterbath f o r  40 seconds p r i o r  t o  i nocu la t i on  resu l t s  i n  a 60% or greater decrease i n  disease 
symptoms. 
i nocu la t i on  i s  requi red f o r  maximum resistance t o  be expressed. 
t h e  peroxidase a c t i v i t y  o f  the seedlings; there i s  a close co r re la t i on  between the l eve l  o f  
peroxidase a c t i v i t y  and the  degree o f  resistance induced i n  t rea ted  seedlings. An e a r l y  
event detected i n  heat shocked seedlings i s  an increase i n  ethylene production. By 6 hours 
a f t e r  heat shock, seedlings p r q d u w  twice as much ethylene as unshocked controls, and t h e  
heat shocked seedlings c o n t i w e d  to,proiluce ethylene a t  a higher r a t e  f o r  a t  l eas t  24 hours. 
Increases i n  the  amounts o f  I-aarjnooyclopropm I-carboxyl i c  acid, an ethylene precursor, 
were s i m i l a r l y  higher i n  heat shocked t issues, r e f l e c t i n g  the h i  her  r a t e  o f  e th lene 
synthesis. Accumulation o f  hydroxyproline-rich'glycoprotein (HR8P) i n  p lant  cel! wal ls  i s  
impl icated i n  the disease resistance o f  cucurbits. I n  cucumbers. the l eve l s  o f  HRGP were 
enhanced i n  seedlings a f t e r  heat shock; the c e l l  wal ls  o f  shocked seeldings contained up t o  
100% more o f  the g lycoprote in  than d i d  unshocked seedlings. 
cross l inked i n  the c e l l  wa l l  by peroxidase, an enzyme whose a c t i v i t y  i s  c lose ly  re la ted  t o  
induced res is tance i n  cucumbers. 

A per iod o f  at l eas t  12 hours between the heat treatment and the challenge 
Heat shock a l so  increases 

In te res t i ng l y ,  HRGP may be 

1518 ROLE OF EXTRACELLULAR POLYGALACTURONASE FROM ASPERGILLUS NIGER CULTURES IN ME ELICI- 
TATION OF CASBENE SYNTHETASE ACTIVITY I N  CASTOR BEAN SEEDLINGS, Augusta Lois'and 

Charles West, Department o f  Chemistry and Biochenlstry. Un ive rs i t y  o f  Cal i forn la .  Los Angeles, 
CA 90024. 

As e r  i l l u s  n i  e r  cu l tures have prev ious ly  been shown t o  e l l c i t  the production o f  casbene 
s y n t h h i h  castor  bean (Ricinus cormnunis L.) seedlings (D. S i t t o n  and C. A. West. 
Ph tochemistr 14: 1921 (1975)). The fac to r  responsible f o r  e l i c i t a t i o n  i n  Rhlzo us s t o l o n i -  
m l t r a t e s  has been shown t o  be an endopolygalacturonase (S .  C. L&. A. West. 
m n t  Physiol.  67: 633 (1981). 

I n  t h g  present study we have i r r a d i a t e d  A. n i  e r  w l t h  UV l i g h t  and have selected mutants t h a t  
appear t o  l ack  the a b i l i t y  t o  break d o w n - p o h a c t u r o n i c  ac id  h e n  colonies are grown on 
i n d i c a t o r  plates. An analysis o f  the viscosity-rcduclng a c t i v i t y  o f  cu l tu re  f i l t r a t e s  o f  two 
o f  these mutants i n  comparison w l t h  the c u l t u r e  f l l t r a t e  o f  the u l l d - t ype  ind icated t h a t  the 
mutants lacked endopolygalacturonase a c t l v i t y  b u t c s t i l l  produced exopolygalacturonase. Pre- 
l im lna ry  studies of  these endopolygalacturonase- mutants show t h a t  they r e t a l n  the capacity t o  
e l i c l t  casbene synthetase a c t i v i t y ,  but  a t  lower l e v e l s  than the w i l d  type. 
gations of the mutants and enzyme preparations f r o m  t h e l r  cu l tu re  f i l t r a t e s  as e l i c l t o r s  are 
i n  progress. 

A. Nlger i s  known t o  secrete both an endopolygalacturonase and an exopolygalacturonase. 

Further i n v e s t l -  

1519 PURIFICATION OF CASBENE SYLlTHETASE FIMM IIvFE(1TED CASTOR BEAN SEEDLINGS, P. Moesta 
and C.A. West, Department of Chemistry and BiochePistry, University of  California, 

Los Angeles, CA 90024. 

Castor bean (Ricinus communis L.) seedlings respond t o  stress  by producing the anti- 
fungal diterpene casbene. 
geranylpyrophosphate, casbene synthetase, was purified appro-tely 5000-fold to a f inal  
specif ic  act iv i ty  of 250 Moles  casbene produced per min per mg protein. 
procedure included ammnium sulfate  fractionation, QAE-Sephadex ion exchange chmeatography, 
dye-ligand chromatography using Matrex Gels Red A and Blue A, and preparative HPLC on a LKB 
Ultropac DEAF, colunm. 
weight of 58000 by SDS polyacryldde  ge l  electroplioresls. 

the terminal step i n  the biosynthesis of a terpenoid stress metabolite. 
&cad against the purified enzyme w i l l  be used i n  further studies on the induction of 
c lukne . 

The enzyme catalyzing the production of casbene from geranyl- 

The purification 

The purified enzyme yielded a s ingle  band of  apparent uolecular 

This is  the f i r s t  instance of avai labi l i ty  of a highly purified enzyma that catalyzes 
Antibodies pro- 
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TESTS OF FlHIZOPUS STOMNIFER mmLYGALACTURONASE AND U-1, 4-D-GALACTURONIDE OLIG- 

Chemistry and Biochemistry, University of Cal i fornia ,  Los Angeles, CA 90024. 

The pect inolyt ic  enzymes t h a t  a re  camonly produced by phytopathogenic h g i  and bacter ia  
may play a general r o l e  i n  phytoalexin e l i c i t a t i o n .  
seedlings, endopolygalacturonase ( E a s e )  i so la ted  from mizopus stol-culturefiltrates 
as well as  a mixture of u-1,b-D-galacturonide oligomers produced by p a r t i a l  digestion of 
polygalacturonic acid with E a s e  ac t  t o  e l i c i t  casbene synthetase a c t i v i t y  (R.J. Bruce and 
C.A. West, plant Physiol. 69: 1181 (1982)). 

In castor  bean (Ricinus communis L . )  

Both 5. s to loni fe r  E a s e  and the  p a r t i a l  digest  of polygalacturonic acid with t h i s  
enzyme a r e  being tes ted  for  e l i c i t o r  a c t i v i t y  i n  a number of other phytoalexin-producing 
plants  t o  see how general t h i s  response may be. 
e l i c i t o r s  of phaseollin i n  bean (Phaseolus vulgar is)  and of ipoyleamarone i n  sweet potato 
(Ipomea ba ta t ss  L. ), but nei ther  a c t s  t o  e l i &  r i q h i t i n  i n  potato (Solanum tubemsum). 
Further work i s  being done t o  quantify the  resu l t s  in these systems and t o  explore other 
systems. 

Both substmqes have been found t o  ac t  as 

1521 ENDOGENOUS PLANT ENZYMES MAY RELEASE BIOLOGICALLY ACTIVE XYLDGLUCAN OLIGOSACCHARIDES 
FROW PLANT CELL WALLS. Alan R. White, William S. York Alan 6. Darv i l l .  and Peter 
Albersheim. University o f  Colorado, Campus Box 215 Boulaer, CO 80309. 

Xyloglucans are hemicelluloses i n  the primary c e l l  walfs o f  dicots. monocots and 
sperms. The structure o f  xyloglucan from the walls o f  sus nsion-cultured ce l l s  an$?!$ 
pea, bean, and other plants have been shown t o  be composed E r g e l y  o f  the following hepta- 
saccharide and nonasaccharide bui ld ing blocks. 

D-GlC + D - G l C  + D-GlC + 0-GlC 0-GlC -C D-GlC + D-Glc -C D-Glc 
4. 

D-Xyl D-Xyl D-Xyl 0-Xyl D-Xyl D-Xyl + D-Gal c L-Fuc 
A nonasaccharide-5ich Bio-Gel P-2 f rac t ion  o f  endo-6-glucanase-digested sycamore xylo lucan 
inhibi ts,  a t  10- M ,  2 4-D-stimulated elon at ion o f  et io lated pea-stem segments. ?t has 
been hy thesized tha t  the nonasaccharide pfays a ro le  i n  plant development by ac t i n  as a 
feedbacr lnh ib i to r  o f  auxin-stimulated growth or  a f te r  transport down the stem, by i n l i b i t -  
i n  the rowth o f  ax i l l a ry  buds thereby functfoning as a regulator o f  apical dominance. 
O l ~ ~ a c c f t a r i d e s  acting as develdpmental regulators would presumably be released from t h e i r  
pos t ions wi th in the c e l l  wall by speci f ic  endoglycanases. It has been shown tha t  the ac- 
t i v i t y  o f  an endo-6-glucanase i n  et io lated pea ico ty ls  I s  stimulated 50-fold by auxin. 
This enzyme can convert pea xyloglucan t o  the hexa- and nonasaccharide f r a  ments. WC are 
examining t h i s  and other c e l l  wall 1 canases t o  d d t m i n e  whether plant c e l l  walls possess 
e n z y s  capable o f  re leasing speci'fi% b io log ica l l y  act ive oligosaccharide f r a  nts from 
cel wall polysaccharides. h i s  w i l l  help t o  deternine rrhether these o l igosaccr r idcs  act 
i n  vivo as r ulators o f  develogaental and stress p siology. Supported by NIH Postdoctoral 
Fellowship 5l?2AMD6982-02 and D E Grant DE-AC02-76-E%1426. 

STRUCTURE AND ACTIVITY OF ELICITORS OF PHYTOALEXINS RELEASED FROH POLYGALACTURONIC 
1523 ACID AND SOYBEAN C E U  WALLS BY A BACTeRIAL ENDOPOLYGALAePrmONIC ACID LYASE, Keith R. 
Davis, Alan G. Darvi l l ,  and Pe ter  Albersheim, Depts. of Holecular, Cel lu la r ,  and Develop- 
mental Biology and of Chemistry, Campus Box 215, University of Colorado, Boulder, CO 80309 
Plants  of ten  respond t o  microbial in fec t ion  by producing a class of stress metabol i tes  
c a l l e d  phytoalexins. Other labora tor ies  have shown t h a t  phytoa ladn  accumulation i s  due t o  
t h e  de novo synthes is  of d N A s  encoding t h e  enzymes responsible  f o r  phytoalef ln  synthesis .  
W e  have s h w  t h a t  a bacterial pectin-degrading enzyme, ci-1,4-endopolygalacturoaic ac id  
lyase,  is a n  e l i c i t o r  of phytoelexin accumulation in soybean cotyledons. The lyase  released 
e l i c i t o r s  of phytmlexin  accumulation from soybean cel l  walls, from polygalacturonic ac id ,  
and from citrus pectin. E l ic i tor -ac t ive  ol igogalacturonides  obtained by lyase treatment of 
polygalacturonic ac id  have been pur i f ied  by anion exchange and ge l  f i l t r a t i o n .  A t  least 95% 
of t h e  mst e l i c i t o r - a c t i v e  f r a c t i o n  was found t o  be a d e c a n r  of a-1.4-linked galactosyl-  
uronic  a c i d  residues containing a 4 , S ~ n s n t u r a t e d  galactosyluronic  a c i d  residue a t  the  non- 
reducing terminus. The d e c a n r  exhibi ted h a l f m x i a a l  e l i c i t o t  a c t i v i t y  a t  1 ug galactosyl-  
uronic  a c i d  equivalente/cotyledon (6 uM). The s t r u c t u r e s  of e l i c i t o r s  re leased from soybean 
cell walls by t h e  lyase is curren t ly  being invest igated.  Recant experiments indicated t h a t  
t h e  lyase and ol igogalacturonide e l i c i t o r s  have a s t h u l a t o r y  e f f e c t  on the  e l i c i t o r  ac t iv-  
i t y  of a pure hepta-6-glucoside-alditol e l i c i t o r  derived from fungal cel l  walls. This syn- 
e r g i m  resu l ted  in a t  least a 10-fold increase fir phytoalexfn accuaulat ion above t h a t  ex- 
pected by a simple addi t ive  response. [Supported by DOE (Dd-ACOZ-76ERO-1426) and The 
Rockefel ler  Foundation (RF 79049)l. 
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1522 PUNT CELL WALL Irg)LGMENTS ACT AS REGULATORY MOLECULES. David J. Gallin, Peter 
Albersheia, Alan C. Darvill, Steven R. Doares, William S. York. Dept. of Chemistry, 
Campus Box 215, University of Colorado, Boulder, CO 80309 

Evidence has been obtainod that plant cell wall frngments act as regulatory molecules in 
plants. Three examples of such octivities are described below. First, acid-solubilized 
fragments of sycamore (Acer oeudo latanum L.) cell walls. at I00 &d, inhibited flowering 
(SO-100%) and sthulat=&tati:e growth (50-100%) in the l o w  day aquatic plant Lemna 
ibb. 63 yrmn under long days. Second, cell -11 fra ate m y  be involved in clic- 

b y p a r s e n s i t i v e  resistanco response of plants to JZntial pethogens, s response that 
appears to result in the slowing down of the invadiq drlpnim’s growth providing time for 
other defense reactions of the plant to stop an attempted infaction. [14C]Leucine incorpo- 
ration into oeid precipitsblo polymers of ouspension-cultured sycamore cells is a convonient 
.usure of the viability of tho cells, and, therefore, perhaps of hypersensitive cell 
drth. Acidaolubiliz~f fragvnte of sycaaoro cell wall pectic pofyucchrides inhibited 
tln Incorporation of 1 Clleucine into polymers. Iumding ricrobes may elicit hypersensi- 
ti- coll b t h  by o e z ~ c a l l y  solubiliziog t h m  pectic fragmints from plant cell walls. 
N r d ,  a nonauccharide-rich fraction of s y u w r o  entracellular xyloglucsn isolated from the 
filtrate of susponsion-cultured sycamore cello iWt4t.d 2.4-D-atimulated growth of etio- 
latd p a  epicotyls. The inhibitory actipty OF t p  notmmccpride-rich froction exhibited 

#harp eoncentratioe optimm between 10- and 10- u g / d  (10- H). This suggested that the 
xylo&uon -saccharide fraction is involrrd in ‘feedback inhibition of auxin-stimulated 
growth ond/or of apical d a i a n w  in  vivo. Theso moults support the hypothesis that cell 
r l l  fra nto brc diverse r e p t l a X q ~ c t i o n s  in grmth, developmaat. and pathogenesis. 
- f l y  DOE O B J C O M ~ O - ~ ~ ~ ~ ) .  

1524 I M N U N O C I E N I C U  IDMTIPICATION OF ANTIQBNS INVOLVED IN PLANT/PATEOQBN 
I ~ A C T I O N S ,  Arthur E Ayors. Porvsrd University. Combrid8e. NA 02138 

QonotiO mt8di.s Of plants s8d thOir pOth08OSO h T 0  provided m X O y  oxsmplos 
irdiaotin8 thot 80.e. for disosso resirtsnae in the host are aomplomeotod by 
aorrospoadin8 #ere. for svir8lonae in tho pathogen. Both host and pothapa m8st 
have ot looat o m  of tho00 poirs of OOrreBpOndir# ienos in order for the potho8.a 
to bo drtoetod. In tho obsonoo of dotootion. .hiah normolly loado to tho 
in48otiom of doforsiro rosponror, tho mcCly.8 0s. sprosd thq0n.L. host tias80 ood 
prod800 okorootoristis dirooso sybptema. 

hly8)OOifio and m080010801 O&tib~dios or0 U w  boi .8  o e d  to identify tho 
p r e h o t s  of 8onos for roxistanco and svirnlsnco. Antibodfos s p e a i f i a  for the 
~ l ~ o o m a i t i o s  of ~xtrooellnlar slycoptotoins seorotod by s fnn8.l pothosen sro 
,.in# osod to exomine tho posoibility that ovirulenao #ones  aode for Ilyaosyl 
trsnsforosos. A soorah for toooptora for potho8.n 8lyaoproteino is in pro~rros 
8Sf.S sntibodioo aposifie for eompomonts of tho plant plasma m.mbrOB0. 

h o o p t o r s  fer potho8.n sompe808ts sro 01.0 Coin8 invosti8stod o r i n s  synthotio 
oorponrds that m i m i o  the str8oturo n d  sativity of their ootoral aountorpsrts. 

D*tabelitos i n  Lost tissros, are Coins oxamiud by this opprosah. 
PliOitOXO, pOthe8.8 lOlOOBlOS t k ~ t  OliOit tho .*08m810tiOn Of tori0 sooondory 

1525 FLU0~SCE~-ACTIVATED CELL SOBTING FOB LOCALIZATION OF PRYTOALEXINS, M.L. Pierce 

During the rosistsnt response of cotton line OK 1.2 to Xanthomonas campestris pv. 
ylvocearum, leaf colls next to a bacterial colony lose membrane semipermeability, collapse, 
becae yellorgreen fluorescent, and turn brown. The resistant leaf produces the two 
phytoelexins 2,7-dihydroxycodalenc (DaC) and lacinilene C (LC) and their 7iethyl ethers. LC 
is yellorgraon fluorescent. Are the phytoalexins predminsntly located in the yellorgreen 
fluoroscont cells? If so, we cslcubtc tbbir cc+centrations to be high enough to account for 
tho observed inhibition of bacterial growth. Using a fluoresceaceactivated cell sorter 
(?ACS), we are sotting cells on the h s j s  of yellorgreen fluorescence for the purpose of 
snalysio phytoalcxin contont. Mesophyll cells are isoloted from slices of infected leafy 
cotyledons by peolin8 avoy the sbaxial epidermis, infiltrating and incubating the rest with a 
eoIution of Macerase, and gently brushing out the loosened cells with a toothbrush. Cells are 
6epsrated from larger porticles by filtration through eesh with 55 ya pores and from small 
debris by retention on mesh with 15-18 Dm pores. Suspension of the cells in a near-isopycnic 
oolutioa prevent. ClOgghg of the FACS nozzle. LC and DHC diffuse from peeled cotyledons into 
.puoow medium with half-tires of 1.2 .ad 5.6 hr. Cells are isolated end sorted within 1 hr. 
brticy deflects yellow-green fluorescent collr md non-fluorescent cells into different 
tabom. Microompicel molyaim of cells m b v o  oorted indicated that more than 90% of the 
visibly fl-cnt aalls were in the yellor&roon fluorescent cell fraction. 

and H. Iroenbery, dklahoma State University, Stillwater, OK 74078; V. E. Scholes, 
01-01 Roberts University, Tulsa, OK 74171 

of 
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1 9 6  RESISTANCE-RELATED PROTEINS I N  BARLEY-POWDERY MILDEU INTERACTIONS, John M. Manners, 
Andrew D. Davidson and Kenneth J. Scott, University o f  @centland, Brisbane, 4067, 
Australia. 

Patterns o f  protein synthesis associated with resistance t o  the obligate paraslte, 
gruntinis f.sp. hordei i n  barley conditioned by single host genes w i l l  be Cscr+bcd.%r- 
isogenic l ines  o f  barley d i f f e r i ng  f o r  the Mla, Mlp and Mlk gems were pulse label led w i t h  
[35S]-methionine a t  24, 48 and 72h a f te r  inoculation. Two-dimslonal f l uo r  raphic analysis 
o f  extracted proteins has demonstrated that res i  stance-speci f i c  pol ypeptl d e s y v  ' 5 )  are 
syntheslsed i n  barley carrying the Mla gene at 44h a f t e r  lmculatiom wh l ls t  fgr  the filp and 
Mlk genes synthesis o f  RP's comnces a t  48 hours. These d l f fe ren t  genes c g d . i . ~ I p  the 
synthesis o f  both cO(Ra0n and unique RP's. 1npov"ta'ntly. the net accumulation o f  a t  leas t  one 
RP has been demonstrated by s i l ve r  staining. Synthesis o f  RP's coincides *Ith the cessation 
of fungal growth indicat ing an act ive ro le  i n  reslstdnce. 
o f  pathogen growth, are both delayed t o  96h a f te r  inoculation I n  heat-shocked leaves o f  
barley carrying the Mla gene. 
in vivo d id  not appear t o  be present amngst in oitro t ranslat ion products o f  poly A RNA 
some possible precursors t o  RP's  associated w i t h  M a  and Mlp gene a c t l v i t y  were ident l f ied.  
Experiments are underway t o  tes t  vhether the RP's o f  h r l e y  are coded f o r  o r  regulated by 
these genes fo r  resistance t o  the powdery mildew fungus. 

siphe 

Synthesis of RP'r and inh ib i t ion  

RP's are not heat shock proteins. Although RP's ldenf l f led 

1527 ON THE HYPERSENSITIVE RESPONSE AND PHYTOALEXIN PRODUCTION I N  SOYBEAN CELL SUSPENSION 
CULTURES UNDER BIOTIC STRESS. R. M. Zacharius, Eastern Regional Research Center, ARS, 
USDA, NER, 600 E. Mermaid Lane, Philadelphia, PA 19118 

Previously, we reported t h a t  soybean c e l l  suspensions when exposed to  crude fungal e l i c i t o r  
preparat ions produce the s t r e s s  metabol i te  g lyceol l in  accompanied by an a typica l  hypersensi- 
t i v e  response (cu l ture  darkening but not death) and a sharp decl ine i n  c e l l u l a r  isoflavonoids, 
daidzein and genis te in .  
darken nor produce g lyceol l in  on b i a t i c  stress. Darkening and g lyceol l in  production of the 
whole cu l ture  exposed t o  the e l i c d t o r  w 4 s  a l s o  inhibi ted with 2 x 10-3 M of the antiozonant 
N-/~2-(2-OXO-l-imidazolid~nyl~ethyl~-N'~henylures.) Soy suspension cu l tures ,  were 
mezhanically resolved i n t o  smbll ahz'large cell aggregations and only the l a t t e r  darkened on 
exposure to  fungal e l i c i t o r .  
the  daidzein and genis te in  l e v e l s  occurred concommitant with g lyceol l in  production. 
f indings demonstrate tha t  cu l ture  darkening with b i o t i c  stress is not a prerequis i te  to  
g lyceol l in  production. 

Cell cu l tures ,  i n i t i a l l y  low i n  these isoflavonoids w i l l  ne i ther  

¶'he small c e l l  aggregates f a i l e d  t o  darken but  a reduction i n  
The 

1528 COTTON PEROXIDASE PROFILES ELICITED BY FWKAL-INDWCED STRESS, 
Jay E. Mellon, USDA,ARS,SRRC, P.O. Box 19687, New Orleans LA 70179 

The role of peroxidase isozyme multiplicity in plant defense mechanism8 of 
cotton was examined. Enzymes were extracted from carpel tissue and ovule 
cultures by homogenization in 0.05 M citrate buffer, pH 5 . 0 ,  containing(7poly- 
vinylpyrrolidone (insoluble). Crude peroxidase extracts were analyzed by 
isoelectric focusing gels with an activity stain. Cotton bolls, 30 day6 poet- 
anthesis, were independently inoculated with the following fungi: Asperdluq 
flavus, Fusarium Suiseti, F. moniliforme. F. se 'tectun, Rh'coctonia solani, 
m r t i c i l l i u m  dahliae. 
from plants for assay. Between 10 and 20 peroxidase isoeymes were detected, 

six days after iEocu.l%on, teat iolls were removed 

depending upon the tissue being examined. -Fungal-induced stress elicited an 
increase in total peroxidase activity of carpel extracts compared to controls. 
In addition, the levels of specific Lsozymes uere significantly elevated in 
these extracts of fungal-stressed carpale.. Examination of cotton ovule 
cultures demonstrated a secretion of perwidaee(s) into the gruwth medium. 
The peroxidase profiles of fuhgaT-stressed tiseue were compared with the 
culture-derived activity. 
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INDUCTION OF RESISTANCE AGAINST BIOLOGICAL STRESS, F r i t z  Schonbeck and 
1529 Heinz-W. Dehne, I n s t i t u t  fiir Pf lanzenkrankheiten, Universi ty  of Hanno- 

v e r ,  D-3000 Hannover, West-Germany 

P l a n t s  have - independent from t h e  presence of s p e c i f i c  genes f o r  r e s i s t a n c e  
- n a t u r a l  defence mechanisms aga ins t  p lan t  pathogens which can be ac t iva ted .  
Nontoxic metabolic substances produced by some b a c t e r i a  and fungi  were a b l e  
t o  induce a nonspecif ic  r e s i s t a n c e  i n  p l a n t s  a g a i n s t  d i s e a s e s  caused by 
o b l i g a t e  b io t rophic  fungi .  Without any d i r e c t ,  a n t i b i o t i c  a c t i v i t y  t h e s e  
inducers  a l t e r e d  t h e  physiology of var ious host  l a n t s  t h a t  r u s t ,  powdery 
and downy mildew developed not  o r  only t o  a’ limiFed e x t e n t  on t h e i r  hos ts .  
The b i o l o g i c a l  stress due t o  t h e  d i s e a s e s  could be reduced by t h e  microbial  
metabol i tes  even under f i e l d  condi t ions ,  so t h a t  y i e l d  loss was prevented. 
Reduction of d i s e a s e  and damage could not  be c o r r e l a t e d  t o  t h e  formation 
of i n h i b i t o r y  compounds i n  t r e a t e d  t i s s u e s .  A s  could be demonstrated by 
h i s t o l o g i c a l  and biochemical i n v e s t i g a t i o n s ,  d i s e a s e  development was decrea- 
sed due t o  a reduced e f f e c t i v i t y  of t h e  p a r a s i t i c  haus tor ia  i n  t h e  p l a n t .  
On t r e a t e d  p l a n t s  t h e r e  was not only a reduct ion of d i s e a s e  incidence,  bu t  
a l s o  a decreased development and reproduct ion of t h e  pathogens. 

1530 INFLUENCE OF VA MYCORRHIZAE ON ENVIRONMENTAL AND BIOLOGICAL STRESS, 
Heinz-W. Dehne and F r i t z  Schonbeck, I n s t i t u t  fiir Pflanzenkrankheiten, 
Universi ty  of Hannover, D-3000 Hannover, West-Germany 

The symbiotic host-fungus-association, which i s  formed by endomycorrhizal 
fungi  and a broad range of hos t  p l a n t s ,  can inf luence  t h e  r e s i s t a n c e  of 
p l a n t s  t o  environmental and b i o l o g i c a l  s t r e s s .  Mycorrhizal p l a n t s  grow 
b e t t e r  i n  n u t r i e n t  d e f i c i e n t  s o i l s  and t o l e r a t e  extreme temperatures and 
drought b e t t e r  than nonmycorrhizal p l a n t s .  Under t h e  inf luence  of ves icu lar -  
a rbuscular  mycorrhizae p l a n t s  compensate p a r a s i t i c  stress b e t t e r  than non- 
mycorrhizal hosts .  I n  d i r e c t  competition with pathogens i n  t h e  r o o t  system 
there is a preference of hos t  cel ls  f o r  mycorrhizal fungi .  Due t o  an occu- 
pa t ion  of poss ib le  i n f e c t i o n  si tes mycorrhizal r o o t s  become more r e s i s t a n t  
to  p l a n t  pathogens and less s e n s i t i v e  t o  p a r a s i t i c  damage. Besides n u t r i -  
t i o n a l  aspec ts  morphological and physiological  a l t e r a t i o n s  i n  t h e  e n t i r e  
host  can be c o r r e l a t e d  t o  t h e  increased stress to le rance  of mycorrhizal 
p lan ts .  Respirat ion and d i s s i m i l a t o r i a l  enzymes are s t imulated i n  mycorrhi- 
z a l  r o o t  cel ls .  Changes i n  t h e  morphology of vascular  t i s s u e  are accompanied 
by a s t imulated a s s i m i l a t e  t r a n s p o r t  i n t o  t h e  mycorrhizal r o o t  system and 
changes i n  t h e  osmotic pressure .  Assimilat ion and photosynthet ic  capac i ty  
are s t imulated by t h e  formation of VA mycorrhizae i n  t h e  r o o t  system. 

1531 HOST-PATHOGEN INTERACTIONS I N  PINUS SUSPENSION CULTURE, Joseph A. Laszlo and Peter F. 
Heinstein, Department o f  Medicinal Chemistry and Pharmacognosy, Purdue Univers i ty ,  
West Lafayette, I N  47907 

Adul t  pine t rees produce copious amounts o f  res in ,  apparently as a phytoalexic response t o  
physical damage and invasion by fungi .  The r e s i n  i s  composed p r i m a r i l y  o f  the monoterpenes, 
u- and 6- pinene, and the dieterpenes, a b i e t i c  ac id  and dehydroabiet ic acid. 
causing the res in  induct ion i n  pine trees i s  be l ieved t o  be Fusarium monil i forme var. 
sub lu t inans.  We have establ ished c e l l  suspension cu l tures o f l i o t t i i  slash p ine)  and 
- P. ;alustr is ( longleaf  p ine)  i n  order t o  i d e n t i f y  the res in- indrc inq e l i c i t o ;  component(s) 
from f. m o n i l i f o m  var. sybg1utinansl The pine suspension cu l tures predominantly produce 
dehydroabiet ic acid, n o m  l y  a t  1 0 2.5 mg/l leve ls .  The a b i l i t y  o f  heat- inact ivated 
Fusarium, as we l l  as various sub-ce l lu lar  fungal f rac t i ons ,  t o  induce increased diterpene 
synthesis (up t o  10 mg/l) i n  the c e l l  suspension cu l tures and the  molecular i n t e r a c t i o n  of 
the pathogen and the host w i l l  be described. 
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