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PROGRESS FIEPORT 

1. Main Research Accomplishment 

For t h e  pas t  three  years  i n  research sponsored by t h i s  con t rac t  we have 

pursued our study of the  regulation of gene expression i n  cotton seed embryo- 

genesis by attempting t o  def ine  what gene products are l i ke ly  t o  be Hicjhly 

. . 
regulated during t h i s  developmental progression. To do t h i s  we measured the 

flow of nitrogen i n t o  the  f r e e  amino ac ids ,pools  of t he  developing cotyledons, 

and i n t o  t he  pr incipal  nitrogen nu t r i t i ona l  reserve of the  seed, t he  storage 

prote ins .  This was continued by following the  'flow of nitrogen from the 

.storage prote ins  t o  the  pr inc ipa l  exported amino acid asparagine' t h a t  occurs 

during the  f i r s t  several  days of germination. I n  t h i s  'fashion the  r i s e  and 

f a l l  of ce r t a in  enzymes of amino ac id  intermediary metabolism could be postu- 
. . 

l a t e d ,  and i n  some cases ,  ve r i f i ed .  These r e s u l t s  were published i n  papers 

#1 and H6 of the  publication list (sect ion 4 )  , and r ep r in t s  enclosed i n  pre- 

vious .Progress Reports. 

, 
This work and other  r e s u l t s  contained i n  papers #2,' 4 and 5 of t hepub-  

l i c a t i o n  l ist .  prompted use t o  de l inea te  the subsets of abundant mRNAs whose 

appearance and dissapearance coninsided with developmental events i n  coty- 

ledon errbryogenesis/germination with the  shor t  range goal of ident i fying 

proteins/enzyme a c t i v i t i e s  and t h e i r  mRNAs t h a t  represent spec i f i c  develop- 

mental s tages  and the  long range goal of using these representat ives  a s  probes' 

f o r  studying the mechanisrns control l ing the r i s e  and f a l l  of these mTGUAs and 

t h e i r  prote in  products. 

. . - Recent Results 

Obvious mRNA products t h a t  character ize  ce r t a in  phases of the  e&ryo- 
. . 

genic developmental progxam of ,cotton cotyledons are.  t.he s torage pro te ins ,  



and it ,has been t h e i r  cliemical characterization and tlte study of their. bio- . . 

synth&sis t h a t  t h i s  contract has sponsored for  the past  twenty months. 

These.protei11s a re  of i n t e r e s t  fo r  a variety of reasons okticr than merely 

a s  representative tools  for  developmental biochemistry. They constitu'te the 

principal protein nutri t i ire component of cotton seeds, and. t he i r  amplitude 

I makes cotton seed a very protein-rich food source.' 

~ u c h  of what we. have found out about these proteins  and t h e i r  hiosynkhesis 

is  presented i n  papers #7 and 8 of the ~ u b l i c a t i o n  L i s t . '  A preprint  of P 8  

i s  enclosed a s  an appendix t o  t h i s  report .  In previous progress reports we 

have presented some o£ the charac ter i s t ics  of these proteins,  some of the 

most interest ing of di ich are: 

1. Comprised p r i~ lc ipa l ly  of two molecular weight species (about 

46,000 and 52,000 daltons respectively) each of which seems 

t o  have 4-8 d i f fe rent  i soe lec t r i c  species ident i f iab le  by IEF. 

2. Soluble i n  8M urea, 28 SDS, 0.5 M NaCl or 2% DOC. 

' 3 .  Comprise together about 30% of the t o t a l  seed protein.  ( i . e .  
. . 

about 2.8 and 3.2 mgs each per dry seed embryo, which i t s e l f  

has a dry. weight of about 60 nlg. and contains' about 20 mg t o t a l  

protein) 

4 .  The- amino acid compsition of these two species is' notable 
. . 

.'b 

i n  tha t  over.20G of the nitrogen i s  i n  the form of arginine 

i n  both proteins which requires an. increase i n  germination 

i n  the enzymes carrying out  the movement of nitrogen from 
. . 

aryinine t o  asparagine w h i c h  i s  the fonn i n  which it 3.s trans- 

3.oca.ted from the cotyledons t o  the growing axis .  The IEF 

data suggest t ha t  muchof the glutamate aild aspar ta te  found 

. . 
on amino acid a n a l ' y ~ i ~  i s  glutami.ne and sspsrarjinc i n  both 

pro'te ins . 



5. TI>&' 52,000 d a l t o n  s p e c k s  is  glycosyla ted  which means .' 

t h a t  i ts  apparent  molecular weight determ~necl by e l e c t r o -  

phores i s  i n  SDS i s  probably meaningless. 

Our most r e c e n t  r e s u l t s  concerning t h e  b iosyn thes i s  of .  t h e s e  two 'pro- 

t e i n s  r e v e a l  a complex p i c t u r e .  These r e s u l t s  have been obta ined from 2D 

g e l s  ( I E P  p l u s  d.iscontinuous e lec t rophores i s '  i n  S,DS) of s t a i n e d  p r o t e i n ,  

' of f luorographs o f  r ad ioac t ive  p r o t e i n  l a b e l l e d  i n  vivo and f luorographs 

. . of r a d i o a c t i v e  p r o t e i n  produced by t h e  wheat germ incorpora t ing  system pro- . 

grammed with i s o l a t e d  mHNA.' 

I t  appears  t h a t  t h e  52,000 d a l t o n  p r o t e i n  f i r s t  accumulated. - i n  -- vivo 

a s  a 703000 d a l t o n  precursor  w h i c h ' i s  a l s o  a g lycoprote in ,  and which exhi-  

b i t s  t h e  same p I  he terogenei ty  a s  do t h e  mature s to rage  p r o t e i n s .  The pro- 

cess ing  of  t h i s  precursor  t o  t h e  f i r i a l  52,000 d a l t o n  p r 0 d u c t . i ~  very slow 

and only by t h e  f i n a l  few days of  embryogenesis has t h e  process  been com- 

p l e t e d .  This  slow pkocess has been shown by s t a i n e d  g e l s  and pulse  - chase 

experiments involving - i n  -- vivo l a b e l l i n g .  The d i r e c t  demonstration of t h e  

.precursor - product  r e l a t i o n s h i p  between t h e s e  p r o t e i n s  was t h e  c r o s s  r e a c t i -  

v i t y  between t h e  70,000 da l ton  p r o t e i n  and antibody made a g a i n s t  the  52,000 . 

d a l t o n  p r o t e i n .  

:. 
T h e . i d e n t i f i c a t i o n  of t h e ' i n i t i a l  products  of mRNA t r a n s l a t i o n  corre-  

sponding t o  t h e  70,000 dal ' ton precursor  h a s  been d i f f i c u l t  t o  unequivocally 

.demonstrate. A t  t h e  moment.it  appears t h a t  the  b a t t e r y . o f  mRNAs coding f o r  

t h e  b a t t e r y  of i s o e l e c t r i c  forms of t h i s  precursor .produces  a . s e r i e s  of p I  

isomers a l l  with a molecular weight of about  60 ,000 'da l tons .  Glycosylat ion 

of t h e s e  pI isomers, which does not  occur i,n - i n  -- v i t r o  t r a n s l a t i o n ,  prcsuma- 

b l y  inc reases  t h e i r  "apparent" s i z e  ko 70,000. 

Most of t h e s e  d a t a  a r e  i n  the  Appendix. 



E'inal ly,  when immature cotton.embryos a + e . d i s s e c t e d  from t h e i r  seed 
. . 

c o a t s  and germinated preco'ciousl.y, the  syn thes i s  of the  s to rage  p r o t e i n s  

ceases immediately, t h e  processing of e x i s t i n g  70,000 da l ton  precursor t o  

t h e  52,000 da l ton  s e t  of pI  isomers goes. t o  completion and the  germinative 

degradat ion  of t h e  s to rage  p r o t e i n  insues .  I n  c o n t r a s t ,  i n  d i s s e c t e d  em- 

bryos whose precocious g e m i n a t i o n  i s  a r r e s t e d  by t h e  p l a n t  growth r e g u l a t o r  

Abscis ic  Acid ( a s  happens -- i n  v ivo i n  t h e  i n t a c t  seed i n  l a t e  embryogenesis),  

s to rage  p r o t e i n  syn thes i s  s t o p s ,  t h e  process ing of t h e  precursor  continues 

t o  completion, b u t  no degradation of s to rage  p r o t e i n  occurs.  I t  i s  cur ious  

t h a t  s t o r a g e  p r o t e i n  syn thes i s  ceases  upon d i s s e c t i o n  of embryos from t h e  

materna.1 environment even when ..incubated i n '  Abscis ic  Acid. I t  must i n d i c a t e  

t h a t  t h e  mRNA s e t  f o r  these  p r o t e i n s  i s  no t  maintained by t h e  growth regu- 

l a t o r ,  but ,  i s  c o n t r o l l e d  by o t h e r  in f luences .  Since t h e  answers .  t o  these  

phenomena comprises our  Proposed Research, they a r e  d iscussed f u r t h e r  i n  

t h a t  s e c t i o n .  

2.  P lans  f o r  the  cont inuat ion  of p resen t  011 j e c t i v e s  and poss ib lc  new 

o b j e c t i v e s  i n  cons ide ra t ion  of pas t ,  r e s u l t s .  -- See Proposed Research i n  Renewal 

Proposal.  

3 .  a .  Graduate Students  Trained.  

M s .  Antonieta Capdevil la ,  M.S. 

b. Pos t  doc to ra l '  tenures  completed. 

:( 1) D r .  Larry. Goldstein;  p resen t  address:  ' Department .o f .  C e l l  

Biology, Univers i ty  of  Texas Medical. Center,  Galveston, . 

Texas. 

( 2 )  D r .  ~ a c h i  Fukuyama. Dilworth; p resen t  address: Ass i s t an t  

program Direc tor ,  Developmental Biology, National  Science 

Foundation, Washington, D .  C . 



c.  . C u r r e n t  P o s t  -- D o c t o r a l  As5;ociates.  --- 

(1 )  D r .  Glenn Galau,  Ph.D., C a l i f o r n i a  I n s t i t u t e  o f  ~ e c h n o l o ~ ~  

(2): D r .  S a l l y  ' ~ r e e n w a ~ ,  Ph.D., U n i v e r s i t y  o f  w a l e s ,  Card i f .£  

4. P u b l i c a t i o n s  d e r i v e d  from Research d u r i n g  3 . y . e a r s  C o n t r a c t  p e r i o d .  - - 

1. Capdevi l la , , .  A. F1. and Dure, L. S .  The deve lopmenta l ,  b i o c h e m i s t r y  

o f  c o t t o n  s e e d  embryogenesis  and  ge i%ina t ipn .  V ~ I I .  F r e e  amino 

a c i d  p o o l  compos i t ion  d u r i n g  c o t y l e d o n ' d e v e l o p m e n t .  P l a n t  
. . 

P h y s i o l .  59,  268-273 (1977) . 
2. Dure; L .  S,, and Harris, B. T r a n s l a t i o n  C o n t r o l  i n  ~ i c o t  S e e d s .  

I n  N u c l e i c  ~ c i d s  and  p r o t e i n  S y n t h e s i s  i n  P l a n t s  (L.  Rogorad - 

and J. W e i l ,  eds . )  Plenum Press , ,  London, pp.  273-292 ( 1 9 7 7 ) .  

3. Dure,  L .  S. and  Walbot,  V. I n t e r s p e r s i o n  o f  : R e p e t i t i v e  and Non- 

r e p e t i t i v e  Sequence ~ l e m i n t s  i n  t h e  Genome o f . C o t t o n .  - I n  OIRS 

Co.lloquim No. 261 N u c l e i c  Ac ids  and  P r o t e i n  S y n t h e s i s  i n  P l a n t s ,  

pp .  27-33 (1977) . 
4.  Dure, L. S .  S t o r e d  messenger  RNA i n  G e r m i n a t i o n .  - I n  T h e  P h j ~ s i o l o g y  

and  B i o c h e m i s t r y  o f  s e e d  Dormancy and  Germina t ion  ( A .  A .  Khan, 

ed . )  E l s e v i e r / N o r t h  t ~ o l l a n d  Biomedical  P r e s s ,  C h a p t e r  15, pp.  

335-345 (1977). . 
5 .  H a r r i s ,  B .  and  Dure,  L. S.  Developmental  R e g u l a t i o n  i n  Cot ton-  

s e e d  Germination:.  I X .  ~ o l y a d e n y l a t i o n  o f  s t o r e d  mRVA. -Biochemis- 

t r y  - 1 7 ,  3250-3256 ( 1 9 7 8 ) .  . 

6 .  Di lwor th ,  M .  I?. and  Dure,  L. S.. The d e v e l o p m e n t a l  b j -ochemist ry  

o f  c o t t o n s e e d  embryogenesis  and g e r m i n a t i o n .  X .  N i t r o g e n  f l o w  

from ~ r j i n i n e .  t o  Asparag ine  i n  Genni .nat ion.  P l a n t  P h y s i o l  . 61 ,  

. ' . 698-702 (1978) ' .  



7. I ,  I .  . Iiolc of  St-.ored Plesr;c?n:(cr RNA i.n l . n t e  e1nbry.o develop- 

ment and germina t ion .  - In  P l a n t  .seeds: Development, Dolmancy 

and Germination ( E .  RSans . t e in ,  .e,d. ) Academic . . P r e s s ,  New York 

( I n  P r e s s ) .  ' . . 

.8. Dure, L. S. ,. Capdevi l la ,  A .  Mi and Greenway, S . C .  Messenger l 3 l A  

d0rna.i.n~ i n  t h e  embryo g e n e s i s  and cjerminat io~l  of Cotton Cotyledons. 

I n  Genome .Organizat ion and Expressioll  i n  P l a n t s -  (C. Leaver; ed.) 
7 

Plenum P r e s s ,  London. ( I n  P r e s s ) .  

5. P r e s e n t  s t a t e  o f  kno~ulledge i n  t h i s  a r e a .  .See Renewal Proposa l .  

p r e s e n t .  d i v i s i o n  of f e d e r a l  suppor t  f o r  o u r  o v e r a l l a m .  

.See ~ e n e w a l  Proposa l .  



STATEI'IIZNT' OF CURRENT .EXPENDITURES 

Pe r sona l  S e r v i c e s  

S t a f f  B e n e f i t s  

-:. 
T r a v e l  .(Domestic) 

Expense 

Equipment 

I n d i r e c t  Cos t s  

Expected t o  T o t a l  Ac tua l  Balancc  on 
T o t a l  t o  Spend t o  ~ 1 1 d  of  & Esti inatcd . ' Hand End 

Date  Con t r ac t  Cos t  o f .  C o n t r a c t  

T o t a l  Expendi tures  t o  Datc ............... 10,468 

' T o t a l  Es t imated  Expense t o  End 
of  c o n t r a c t  .........................t 10,742 

T o t a l  Actua l  & Est imated  .Cost 
.......... ....... f o r  Budget' Pe r iod  .'. 21,210 

Balance on Hand a t  End o f  
. . 

C o n t r a c t  ............................ -0- 



MESSENGER RNA DOMAINS I N  THE EMBRYOGENESIS AND GERYINATION OF 

COTTON COTYLEDONS 

L. S. Dure, 111, A. M. Capdevila and S. C. Greenwsy 

Department of Biochemistfy 
University of Georgia . . .  

Athens, GA 30602 U.S.A. 

INTRODUCTION 

Me have begun the ta:sk of describing the development of 
cotton cotyledons through embryogenesis a id  germination - in  terms 
of. the mRNA subsets tha t ,  through t h e i r  app::ai-ance ;?n3 d i s a ~ p e a r -  
a'nce, determine t h i s  develop,mental scqi.l.e'nccl! .. This .. o f  course, 
represents an attempt t o  describe a developm~ntal sequence i n  
terms of sequential  a = t i v i t y .  

I n i t i a l l y ,  we wish t o . e s t a b l i s h  a fundamental molecular basis  
fo r  t h i s  developnental sequence so  t h a t  its regulation takes on a 
more de f in i t ive  biochemi c a l  perspective. Ul.timately, we hope t o  
i s o l a t e  mRNAs representative of d i sc re t e  developmental stages' and, 

. . 
through them t o  i s o l a t e  t h e i r  genes,, so as t o  examine t h e i r  
unique feat.ures t h a t  govern t h e i r  expression. 

Our approach t o  t h i s  descr ipt ion has been., i n  p a r t ,  t o  
de l inea te  cotyledon development i n  terns of the changing protein 
popula t ions . tha t  determine the ontogenic progression.' Due t o  the 
l imi ta t ions  of the technique& avai lable  fo r  studying protein pop- 
u la t ions  only the ra ther  abundant proteins  of the t o t a l  popula- 
t ion  can be catalogued, The ' to t a l  complexity of the mKiA 

exis t ing  a t  a given developmental s tage,  and the extent  
,to which. it. i s  included i n  the population from other  s tages ,  i s  
,being detern~ined by other means. These' measurements \ . r i l l .  not. be 
presented, today. What we wish t o  pxeserlt hnre  a r e  some prclimi- 
nary findings concerning the mRNA subsets ac t ive  during cotyledon 
deve10~men.t a s  described by catalogs .of t h e i r  protein proclucts. 



CATALOGS OF PROTEINS DURING DEVELOPEIENT 

we have begun t h e  d e s c r i p t i o n  ~f t he  abuhdant members of mRNA 
s u b s e t s  by compiling t h e  fol lowing prqte'in c a t a l o g s  . a t  s e l e c t i v e  
p o i n t s  dur ing  t h e  developmental .sequence. 

. . 

1 Catalog of e x t a n t  p r o t e i n s  . . Coomassie s t a i n i n g  of 2D 
g e l s  

2. 'Catalog of  p r o t e i n s  synthes ized i n  v ivo . , . f luoro -  . -- 
g r a p h ~ .  o f  2D g e l s  - 

. 3. Catalog of p r o t e i n s  synthes ized i n  v i f  r o  from p u r i f i e d  '* -- 
RNA f r a c t i o n s  . . ; f luorography of 2D g e l s .  

4. ~ e t e r m i n a t i o n  of  RNA complexity and sequence o v e r l a p  
dur ing development. . . RNA: cDNA h y b r i d i z a t i o n -  

The f i r s t  of t h e  c a t a l o g s  involves  e x t r a c t i n g  p r o t e i n  from 
cotyledons  i n  va r ious  s o l v e n t  systems a t  time p o i n t s  dur ing  de- 
velopment and s e p a r a t i n g  them by e l e c t r o p h o r e s i s  i n  one dimension 
by .the di6.continuous sodium dodecyl s u l f a t e .  (SDS) system o f  
~aernrnli' o r  by t h e  two dimensional e l e c t r o p h o r e t i c  system of  
0 1 ~ a r r e l l ~  i n  which t h e  p r o t e i n s  a r e  f irst  separa ted  on cy l i n d r i -  
c a l  g e l s  by migra t ion  t o  t h e i r  r e s p e c t i v e  i s o e l e c t r i c  p o i n t s  and 
then  e lec t rophoresed i n  t h e  presence of  SDS i n t o  a d iscont inuous  
s l a b  g e l  where they  s e p a r a t e  by v i r t u e  of t h e i r  d i f f e r e n c e s  i n  
molecular  weight.  The separa ted  p r o t e i n s  a r e  v i s u a l i z e d  by 
s Laining wi th  Coomassie 13r i . l l ian t  Blue' R-250. Th i s  technique  
d i s p l a y s  on ly  t h e  more abundant p r o t e i n s  of t h e  t i s s u e ,  and the . 

thousands of enzymes whose concen t ra t ion  i n  - t h e  t i s s u e  is l i k e l y  
t o  be low a r e  n o t  observed. Furthermore, such a d i s p l a y  of  . 
pro . te ins  is n o t  a  d i r e c t  measure of  mRNA popula t ion  s i n c e  many 
p r o t e i n s  are l i k e l y  t o  be s t a 'b l e . and  t o  accunlulate and p e r s i s t .  
a f t e r  t l . e i r  mRnlAs have . disappeared'.  ~ i l c e w i s e  r a p i d l y  tu rn ing  over  
p r o t e i n s  would under-represent  t h e i r  I~IRNA concen t ra t ion .    ever- 
t l l e l e s s ,  such d i s p l a y s  do a l low f o r  a  developments-l d e s c r i p t i o n  of 
t h e  t i s s u e  i n  terms o f  e x t a n t  p r o t e i n s .  

The second c a t a l o g  p r e s e n t s  a  measure of t h e  mRNA popula t ion  
p r e s e n t  a t  a  given.developmenta1 p o i n t  i n  terms of t h e  p r o t e i n s  
be ing syn thes ized  -- i n  v ivo  dur ing t h e  time in . te rva1 t h a t  : the t i s s u e  
is exposed t o  r a d i o a c t i v e  amino ac ids .  IIere, the t i s s u e  is ex- 
posed t o  t h e  lc&elled amino a 'cids f o r  b r i e f  p e r i o d s  a t  p o i n t s  
dur ing  ontogeny a f t c r  which the p r o t e i n s  a r c  e s t r a c t c d . ' a n d  
separa ted  by t h e  two dimensional e l e c t r o p h o r e t i c  system. The 
locat ion '  on ttlc s l a b  ge 1 of t h e  p r o t e i n s  synthesizecl dur?..ncj t h e  
incuba t ion  per iod  - ( r a d i o a c t i v e  p r o t e i n s )  a r e  displayecl by t h e  
f luorograph ic  techniclues of Lasky and blills3. I n  .order  t o  fo l low 
t h e  processing o r  dcyraCation of c e r t a i n  p r o t e i n s , .  t h e  cotyleclons 
a r e  further-  incubated i n  thc absence of r a d i o a c t i v e  i so topes ,  i n  
some i n s t a n c e s  '(pulse-chase l a b e l  l i n g )  . 



The t h i r d  cata log involves pur,ifying RNA f r ac t i ons  from coty- . 
.. ledons a t  d i s c r e t e  developmental point& and allowing these  f rac-  

t i o n s  . t o  d i r e c t  i n  v i t r o  ' t r ans la t ion  using both the  r a b b i t  re t i cu-  -- 
locy te  and wheat germ systems4, 5. The radioact ive  p ro t e in  pro- 
ducts  a r e  separated and visual ized a s  a r e  t h e ' i n  vivo synthesized 
products. 

DEVELOPMENTAL STAGES .CATALOGUED . . 

. The b a s i s  f o r  choosing p a r t i c u l a r  t ime.points  i n : t h e  ontogeny 
of co t ton  cotyledon t i s s u e  f o r  study stems from e a r l i e r  work on 
the developmental biochemistry of t h i s  t i s s u e  i n  our labora- 
' tory6,  I.*. This developmental framework is  depicted diagrammatic- 
a l l y  i n  Figure 1. ' The up?& ha l f  of the  f i gu re  indicates the  
developmental po in t s  a t  which t he  ex tan t  p ro te ins  a r e  ex t rac ted  
f o r  the  s t a i n  cata log arid a t  which cotyledons a r e  pulse- label led 
f o r  t he  cata log of  t h e  pro te ins  being synthesized i.n viv'o. The - - .  
lower ha l f  shows t h a t .  a t  t he  same developmental po in t s  RNA is 

. ex t r ac t ed  f o r  t r a n s l a t i o n  i n  t h e  ce l l - f r ee  systems t o  e s t a b l i s h  
:the mRiiA populations d i r e c t l y  by i n  v i t r o  pro te in  synthesis .  -- 

3 M Y S  PREC, GERH* 

, . F i g .  1. D i a g r z m a t i c  presentat ion of the.developmenta1 po in t s  

..& g tudied. Top ha l f  ind ick tes  preparat ions  made f o r  s t a i n  
and -- i n  vivo synthesis  ca ta logs . .  Bottom half  ind ica tes  
preparat ions  of mRNA made 'for i n  v i t r o  syrltllesis catalog.  

~otylcdcinr; .from enbryos 50 mg' i n  weight a r e  i n  t h e  midst  of 
t h e i r  1ogarithini.c phase of Growth, and t h e  outer  seed t i s s u e s  a r e  



i n  vascular  connection with the  mother p lan t .  C e l l  number is  
increasing a t  t h i s  po in t  and the  s torage nu t r i en t s  a r e  accumulat- 
ing.  .ABA l eve l s  a r e  very low a t  this point .  I f  embryos a r e  
removed from the b o l l  a t  t h i s  po in t ' and  placed on mois t  f i l t e r  
paper they w i l l  precociously germinate7. However, removal b r ings  
about an immediate cessa t ion  .of c e l l  d iv i s ion  i n  t h e  cotyledons 
which causes the  r e s u l t a n t  seedl ing t o  have half -s ized cotyledons.. 
An ABA so lu t ion  of 10% applied t o  the f i l t e r  paper t o t a l l y  
prevents t h i s  precocious germination. For this reason t h e  ca t a -  
l ogs  have been .extended t o  include the, possible  changes i n  mmA 

' 

subsets  r e l a t e d  to the . ce s sa t i on .o f  c e l l  d iv i s ion ,  t o  precocious 
- .  germination o r . t o  ABA a r r e s t a t i on .  A l l  of these  phenomena have 

occurred by the  4th day a f t e r  removal of embryos from t h e  seed 
t i s sue .  .. ., 

When t h e  embryos have reached 100 mg i n  w e t  weight .they have 
entered the  maturation phase o f .  embryogenesis. (F ina l  embryo 
wet weight is  about 125 mg). The vascular connection between 
t h e  mother p l a n t  and the  seed has atrophied and c e l l  d iv i s ion  '.: 
has stopped. ABA l eve l s  have r i s e n  markedly, presumably t o  
prevent " v i ~ ~ ~ a r ~ "  8. These embryos precociously germinate 
r ead i ly  when excised from the  seed t i s sues ,  and, again  t h i s  i s  
prevented i f  t h e  immature enbryos a r e  placed on f i l t e r  paper 

, moistened with an ABA so lu t ion .  Again the  cata logs  have been 
extended t o  include measurements of changes occurring during . 
precocious germination. Cotyledons from excised cinbryos a t  
t h i s  s tage  of d&velopment incubated i n  t he  ABR so lu t i on  a r e  of  
i n t e r e s t  s ince  these  embryos.have been removed froin a high AE3A 

. environment i n  . t he  seed, 

The dcss icated dry ,seed represen ts .a  spec i a l  developmexltal 
s tage .  The mature cot ton seed has  no form .of donnaniy t o  overcome, 

. . Its cotyledons contain nRNApoly (A) 9, and it is of i n t e r e s t  t o  know ... 
i f  t h i s  RNA is  s t i l l  funct ional  a f t e r  severa l  hours of germination 
n!: whether it i s  simply recid'ual embryonia F@lA that i s  r ap id ly  . ... .degraded a s  has been suggested by e a r l i e r  &xperiments9: 

With germination many new ckyme a c t i v i t e s  a r e  required i n  
cotyledons, and many of these  a t t i v i t i e s  a r e  known t o  r e s u l t  from 
t h e  de novo synthesis  of bo.th mRNA and pro te in  during t h i s  
p e r i o d l m r t 1 2 .  Other new enzyme a c t i v i t i e s  appear a s  the  r e s u l t  
of -- dt3 nOvo pro te in  synthesis  but 'without requir ing concomittant 
RNA ~ ~ n t h e s i s * r ~ ~ .  For t1lj-g reason the  catal-s include da ta  
from cotyledons germinated i n  th6 presence of actinonycin D S O  

a s  t o  detern~ine those prote ins  t h a t  may a r i s e  from pre-exis t ing 
bu t  \inexprcssecl m m A  (s tored mRNA) . 

Fina l ly ,  during the 3rd day of germination, p ro t e in s  coded. 
f o r  .by t h e  ch loroplas t  genome become de tec tab le ,  and, s ince .  t h e i r  



mKNAs a r e  n o t  l i k e l y  t o  have poly (A)  'sequences, they may b e  made 
apparen t  by t h e  f a c t  t h a t  a l l  of  t h e \ i n ' v i t r o  c e l l - f r e e  t r a n s l a -  -- 
t i o n  i s  c a r r i e d  o u t  y i t h  poly(A)-RNA a s  w e l l  a s  polyA+ RNA a t  a l l  
t h e  developmental s t a g e s  , 

With t h i s  developmental scheme i n  mind, it is p o s s i b l e  t o  ' 

hypothes ize  t h e  ex ' is tance of c e r t a i n  ~ R N A  s u b s e t s  a t  t h e  o u t s e t ;  
. _. each s u b s e t  under d i f f e r e n t  r egu la to ry  in f luences  a s  t o  t i m e  o f  

. . ' synthes is  and disappearance b u t  whose concerted,, i n t e g r a t e d  and 
over lapping func t ion ing  i n s u r e s  cotyledon embryogenesis and 

, g e m i n a t i o n .  It i s a n t i c i p a t e d  t h a t  t h e  ca ta logs  w i l l  i n d i c a t e  
- t h e  members of such subse t s .  A r a t h e r  s m a l l  number of such ' . . . . . .  . . .  

p u t a t i v e  s u b s e t s  a r e '  l i s t e d  beiow. 
. . 

CONCEIVABLE mWA SUESETS . . 

Embryogenesis . ~ e p r e s e n t a t i v e  ' p r o t e i n  
1. f u n c t i o n a l  on ly  dur ing  cell.  , . ; . . a c t i n s  

. . .  d i v i s i o n  s t a g e  
. . 

2. f u n c t i o n a l  only  dur ing  ABA 
. . .  a r r e s t a t i o n  s t a g e  (ABA induced?) 

. . 
3. . f u n c t i o n a l  throughout embryogenesis. . 
4 .  non-functional  dur ing  ABA a r r e s t a t i o n .  s t o r e d  mRWA d e r i v a t i v e s  

'5;  c o n s t i t u t i v e  (independent of d e v e l o p  
menta1 ,even t s ) .  . . . . . . . . . . .  enzymes of in te rmedin 'q  

metabolism 

2. S to red  . . . . . . . . . . . . . . .  carboxypeptidase C 

.!: 
3 ." Newly synthes ized,  unique 

. . . . . . . . . . . .  to  germination.  a spa rag ine . syn the tase ,  
g lyoxy la te  c y c l e  enzymes 

' .  4. Newly synthes ized,  c o n s t i t u t i v e  . . .  enzymes of  
intcrmediaqr metabolism 

' B e f o r e  p resen t ing  some of o u r  d a t a  it i s  w e l l  t o  emphasize 
t h e  c o n s t r a i n t s  and l i m i t a t i o n s  of  t h e  t e c h n i c ~ u e s u s e d  and some 
of t h e  smrses of a r t e f a c t  i n  t h e s e  procedures s o  t h a t .  t h e  d a t a  
may be viewed wi th  t h e  proper  pe r spec t ive .  



F i r s t , .  a s  has been mentioned, only t he  200-400 most .abundant 
p ro te ins  a r e  made r ead i ly  v i s i b l e  i n  these procedures. Furt3er- 
more, only those pro te ins  whose p I s  a r e  between pH 7.5 t o  4 .5  a r e .  . 
focused i n  t he  f i r s t  dimension. Many pro te ins  have p I s  beyond 
this range a s  indicated by the  p i l e  up of s t a i n  and r ad ioac t iv i t y  

. . of t en  seen 'on t he  edges of t h e  s l a b  gels .  ~ e c h n i q u e  f o r  visual-  
i z i n g  these  pro te ins  have been developed ("NEPHGE gels"14) , but  
have no t  y e t  been incorporated i n t o  these  s tud ies .  Next, q u i t e  .. . 
-a d i f f e r e n t  d i sp lay  of p ro te ins  is  observed when rad ioac t ive  ; 
methionine i s  used .as t h e  pro te in  precursor i n  comparison with . 

rad ioac t ive  leucine o r  amino ac id  mixtures. p ro t e in s  w i t h  
. _. ' . inordinate  amounts of methionine a t t a i n  very .high s p e c i f i c  

. .  . ' . r ad ioac t iv i t y  t h a t  is not  a t r u e  indicat ion o f ' t h e i r  r a t e  o f -  ' ' 

synthes i s  i n  v i v o - o r  i n  v i t r o .  .The presence of t h e  N-terminal -- -- 
methionineon i n  v i t r o  l abe l l ed  prote ins ,  but its l i k e l y  absence -- 
on these  labe l led  i n  vivo contr ibutes  t o  t h i s  d i s to r t io r i  of -- . . 
synthes i s .  . . .  . . 

A f u r t h e r  d i f f i c u l t y  i s  encountered when i n  vivo and i n v i t r b  - -- 
synthes i s  pa t te rns  a r e  compared. Not a g r e a t  dea l  of match-up is 
observed. This  makes . ident i fying i d e n t i c a l  p ro t e in s  detected by 
the  two methods hazardous. The f a i l u r e  of t h e  two d i sp lays  t o  
i nd i ca t e  common rad ioac t ive  pro te ins  is l i k e l y  t o  be due t o  the. 
absences of t he  processing' events i n  the  -- i n  v i t r o  t r a n s l a t i n g  
systems. Large d i f fe rences  i n  t he  i n t ens i t y  of i d e n t i c a l  p ro te ins  
between the  two types of measurements may a l s o  i nd i ca t e  a rap id  
turnover o f '  c e r t a i n  pro te ins  i n  vivo ( f a i l u r e  t o  accumulate a l -  -- 
though t h e i r  mRNA is  i n  high concentration) o r  simply r e s u l t  from 
t h e  f a c t  t h a t  t r ans l a t i on  of c e r t a i n  mRNAs may be regulated i n ,  
some fashion i n  vivo, whereas such regulat ion is missing i n  &I -- 
v i t r o  t r ans l a t i on .  . - 
RESULTS 

Our ca ta logs  a r e  f a r  from complete a t  present .  ' Much of t h e  
i n  vi,vo synthes i s .ca ta log  during germination remains . to  be  com- -- 
ple ted .  Much of t h e  da ta  i s  y e t  t o  be analyzed i n  d e t a i l .  
However, froin t h e  da t a  co l lec ted  t o  da t e ,  s eve ra l  i n t e r e s t i n g  
observations have accrued, and it is  these  observations we wish 
to  presen t  here.  

Figure 2A presents  a one dimensional view of the pro te ins  
p resen t  j.11 the cotyledons of a mature .cotton seed.  Early on we 
found it convellient t o  divide the t o t a l  p ro te in  of t h i s  t i s s u e  bo 
t h a t  which is r ead i ly  soluble  (ex t rac ted  i n  0 .1  M NaC1, pH .8.3) 
from t h a t  v~hich requi res  high s a l t  (0.5 PI NaC1) o r  6 1 4 1  urea o r  22 
S D S  o r  2%ddcoycholate t o  make soluble .  The l e f t  hand g e l  wel l  



contains t o t a l  cotyledon protein (extracted .2% S D S ) ,  the  center 
well contains the readily soluble fraction (0.1 M NaCl extract)  
and the  r ight  hand well contains the protein t ha t  can be pelleted 
a t  low speed from the  0.1 M NaCl homogenate. The two principal 
storage proteins are seen t o  be i n  the pe l le t  fraction and to com- 
prise  together about 25% of the to t a l  cotyledon protein. 

" !  .-....* b..k.;; . _ I L .  . .  . . , 
. . . (I.. 

,.. , : A' '7.- .,-- ' < I  

c :;; -(:..,*.:j , . 
,;$.a:>.. , . .  :.:. ..-. , '*." &G? i.2' . ; & ; : . - i  ,, - . 

:,-.j4:.4*.:; 
.I.. 

. . 
F i g  2. Display of cotyledon proteins separated by discontinuous 

gel  electrophoresis i n  SDS and stained for  protein. I n  A, 
proteins from dry seed cotyledons; l e f t  well = t o t a l  pro- 
tein, center well = readily soluble protein, r ight  well = 
pe l l e t  protein. In B, proteins from cotyledons of immature 
embryos. Left three wells are to ta l ,  readily soluble and 
pe l le t  proteins from cotyledons of 50 mg embryos. Right 
three wells are the same preparations from cotyledons of 
100 mg embryos. 

Figure 3 shows the one dimensional electrophoretic separation 
of t o t a l  protein extracted from cotyledons during points i n  em- 
bryogenesis and germination. Several interesting phenomena a r e  
observed i n  th i s  gel. Two principal storage proteins have ap- 
parent molecular weight of 53,000 and 48,000 daltons. It is 
apparent tha t  t h e  smaller of the two storage proteins appears 
f i r s t  and accumulates fas ter  i n i t i a l l y  than does the- larger  stor-  
age protein. It is also  degraded much more rapidly i n  germination. 



Further,  several  p ro te ins  t h a t  are abundant i n  embryogenesis vanish 
during t h e  l a s t  days of embryogenesis and' a r e  undetectable i n  dry 

' 

seed cotyledons. Two of these have molecular weights of about 
70,000 and 40,000 dal tons  and are seen in Figure 2B to  be confined 
to the p e l l e t  f ract ion.  
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Fig. 3, Display of t o t a l  cotyledon pro te in  extracted a t  points 
during development, ~ l e c t r o ~ h o r e s i s  a s  i n  Fig,  1. 
Numbers under EE4BRYOGENESIS refer tn t h e  s i z e  i n  m g s  of 
the enbryos used. Numbers under GERMINATION r e f e r  t o  the  
days t h a t  the  embryos w e r e  germinated, Numbers on the  
l e f t  margin a r c  the  molecular weights i n  k i loda l tons  of 
reference proteins .  



Fig. 4, Display of 
-stained cotyle- 
don proteins 
separated by the 
2D systm. Left 
hand panels are: 
top, tozal pro- 
t e in  from 50 mg 
embryos; center, 
readily soluble 
protein from the 
same; bottom, 
pe l l e t  protein 
from the same. 
Middle panels 
are the same 
preparations ' ' 

from 100 mg 'ern- 
bryos and the 
r igh t  hmd panels 
are the same 
preparations 
from dxy seeds. 



Figure 4 is the two dimensional display of proteins from cotyledons 
from 50 mg , 100 mg and dry seed embryos. The principle storage . 
proteins are  found t o  have a range of pI  heterogeneity, which sub- 
sequent data w i l l  show is probably not introduced during solubili- 
zation o r  electrophoresis artefactually. Again the 70,000 dalton 
protein is seen t o  disappear as the t issue matures as  well a s  does 
the  40,000 dalton protein. The same pI  heterogeneity found-. in 
the storage proteins is observed i n  the 70,000 dalton protein. 
The readily soluble fraction (supernatant fraction) is seen t o  have 
fewer abundant proteins than does the pe l l e t  fractions, and ~ e s e .  
a re  of rather low molecular weight. A number of changes are seen - i n  t h i s  display of extant proteins during embryogenesis, bu t  only 
a few of these have been studied i n  de t a i l  t o  date. 

A number of changes occur i n  these populations during cotyle- 
don embryogenesis; however, we have concentrated principally on the 
changes i n  the dominant storage proteins and the two disappearing 
proteins. Our i n i t i a l  -- i n  vivo translation studies for the second 
catalog yielded rather intriguing resul ts  which are  presented in  
Figure 5. Here, pe l l e t  proteins from 100 mg cotyledons t h a t  have 
been incubated 6 hours i n  I4c amino acids have been electrophoresed 
i n  two wells i n  the Laemrnli one dimensional gel  system. An auto- 
radiogram of these two wells is on thei r  r ight ,  (The gel  is 
highly overloaded t o  increase its radioactivity). The two prin- 
cipal  storage proteins are grotesquely obvious i n  the stained 
wells. The autoradiograph shows extensive synthesis of the smaller 
storage protei'n, but  no apparent radioactivity i n  the larger. 
This was curious a t  the time, since, a t  th i s  point i n  embryo- 
genesis, the larger protein is accumulating fas te r  than the ' 

smaller one (Figure 3). Furthennore, the figure shows exten- 
sive labeling of the  70,000 dalton protein, which, although an 
abundant protein a t  th i s  developmental stage, is i n  t l e  process 
of vanishing from the  t issue a t  t h i s  time. Obviously its synthesis 
continues in to  the period of i ts degradation o r  processing. 

A reasonable conjecture a t  t h i s  point would be that  the  
larger storage protein is synthesized i n i t i a l l y  as the 70,000 
dalton species which is  cleaved-in a rather slow process. To t e s t  
this idea we carried out a ser ies  of pulse-chase incubations of 
50 mg cotyledons i n  which they were pulsed for  6 hours, and incu- 
bated thereafter fo r  varying time periods without isotopes before 
being harvested. Thcsc and other data are presented i n  Figure.6. 
A t  the top l e f t  of t h i s  composite is shown a stained two dimen- 
sinnal gel of pgl le t  protcin from 50 mg cotyledons. A t  the  top  
r ight  is an identical ge l  stained for  carbohydrate by the PAS me- 
thodlS. The larger storage protein and its 70,000 dalton putative 
precursor a re  found t o  be glycoproteins, and t o  be the only glyco- 
proteins dcmonstratabXe i n  the pel le t  fraction by t h i s  method. 
In the middle of the l e f t  panel a fluorograph of pe l le t  protein 



Fig. 5 ,  -- In  vivo protein synthesis i n  cotyledons of.100 mg embryos. 
Left two wells a re  the  electrophoretic separation of p e l l e t  
proteins.  The r i g h t  two wells are autoradiographs of the  
l e f t  wells. 

from 50 m g  cotyledons t h a t  have been pulsed 6 h r s  and chased 1 2  
additional hours is presented. Radioactivity is seen here i n  the 
larger  storage proteins,  but the  various pI isomers do not have 
the  same spec i f i c  radioact ivi ty.  TO the  r i g h t  of t h i s  g e l  i s  
given an expanded view of fluorographs of the  storage protein 
region Q£ thc t w o  dirnensioisdl y e 1  from g e l s  containing protein 
from cotyledons pulsed 6 hrs and chased 6, 9, 15 and 24 hrs.  . 
From t h i s  it is  apparent t h a t  the  la rger  storage proteins gain 
radioact ivi ty with time, and the 70,000 dalton proteins appear t o  
lose radioact ivi ty.  These data reinforce the  precursor-product 
idea; however, t o  firmly es tabl i sh  t h i s  relat ionship we u t i l i z e d  
immunochemical techniques. 

F i r s t ,  the la rge  storage proteins were purif ied and antibodies 
clydinst Ulcm prepared i n  rabbits  by conventional means. Figure 
7, l e f t  side, shows a typical  t i t r a t i o n  of the  antibody prepara- 
t ion  by the  "rocket" technique16. Shown i n  the r i g h t  hand s ide  of 
t h i s  f igure is the  r e s u l t  obtained when t o t a l  cotyledon protein 
from 50 mg cotyledons, separated by one dimensional electrophorc- 
sis, is electrophoxesed in to  the  antibody containing region of the 
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gel by the method of Chua and ~ l o m b e r ~ l ~ .  Two regions of the gel 
containing the separated cotyledon proteins are seen t o  contain 
proteins tha t  inmunoprecipitate the antibodies, and these regions 
contain the 70,000 dalton protein and the larger storage protein 
which served as  the antigen. From t h i s  i t ' i s  apparent t h a t  the  
larger storage protein species are derived from the 70,000'dalton 
species. 

Fig. 7. Left: Rocket immunoelectrophoresis of antigen (large'storage 
protein) vs. rabbit antiserum. Stained gel. Middle and 
right: Total protein from 50 mg cotyledons was electro- 
pb.oresed as  shc7m on f a r  right.  A longitudinal section 
of the I D  gel was elcctrophoresed into  antiserum t o  the 
large storage protein17. Both are stained gels .  

Data gathered for  the third catalog ( in  -- v i t ro  translat ion 
products) allowed us t o  attempt t o  identify the i n i t i a l  trans- 
la t ion products that  give use t o  the 70,000 dalton species. 
Since the processing of in i t ia l ' t ransla t ion products in to  gly- 
coproteins probably does not occur i n  the wheat germ systems, the 
i n i t i a l  products of the mRNA for  the 70,000 dalton p I  isomers 
would not be expected t o  co-migrate with these proteins. The 
bottom l e f t  of Figure G is the fluorograph obtained when t o t a l  
RNA from 50 mg'cotyledons is translated i n  the wheat germ system 
and its products electrophoresed. In  t h i s  instance 3~ leucine 
was used as  the radi.oactive precursor. A band of proteins of 
about 60,000 molecular weight and showing pI heterogeneity is  
found to the acidic side of the storage proteins and could be 
considered the unglycosylated precursor a f  the 70,000 dalton 



proteins. (In t h i s  fluorograph, non-radioactive protein from dry 
seed cotyledons has been included i n  the preparation separated by 
the two dimensional system. The mature unlabelled storage proteins 
can be seen on the fluorograph as  white areas since very abundant 
proteins tend t o  exclude other proteins from the i r  region of the  
gel) .  However, when the experiment is carried out with 3 5 ~  
methionine (bottom right-hand panel) other potential precursor 
bands show up. These proteins obviously have a different  r a t i o  
of-methionine t o  leucine than does the band seen on the l e f t  hand 
panel. We have not ye t  resolved the question of the identi ty of 
the  precursor of the  70,000 dalton proteins. There does not appear 

- t o  be an easi ly demonstrable immunochemical relationship between 
the  larger and smaller storage proteins. However, the  glycosyl 
residues of the  larger storage proteins may have played a deter- 
minative role i n  antibody production, which might leave the  ungly- 
cosylated smaller storage proteins unreactive. 

PROTEIN CHANGES DURING PRECOCIOUS GERMINATXQN 

A s  previously mentioned our catalogs include changes i n  
cotyledon proteins occurring during the'precocious germination of 
50 and 100 mg embryos. This portion of the catalogs also includes 
protein changes that  may take place i n  cotyledons froin these 
dissected embryos whose precocious germination is a r t i f i ca l ly  
arrested by ABA. Figure 8 shots the stained catalog of these 
changes. The l e f t  hand column shows from top t o  bottom, t o t a l  
protein from cotyledons of ungerminated 50 mg embryos, from these 
cotyledons a f t e r  4 days of precocious germination and from cotyle- 
dons incubated 4 days i n  ABA. In  both se t s  of dissected embryos 
the 70,000 dalton precursor has vanished, The 40,000 dalton pro- 
t e i n  is also disappearing in  both se ts .  Some loss of the two 
principal storage protcins is evident i n  the precsci~usly  germina- 
t ing cotyledons as well as  of the many other abundant proteins. 
This loss has not occurred i n  the ABA treated cotyledons, The 
middle column shows the same sequence for  the  100 rnq embryo cow- 
ledons. In t h i s  case precocious germination -fABA was carried 
out  for  3 days. Again the 70,000 dalton and 40,000 dalton proteins 
disappear i n  the  germinating cotyledons and are  decreased i n  those 
treated with ABA. When these two se t s  of embryos are  incubated 
fo r  2 additional days (bottom two panels of the r igh t  hand column 
of the figure) the  changes are more apparent. The germinating 

. cotyledons show a great  loss of storage protein and other abundant 
proteins, whereas those treated with ABA have l o s t  the  70,000 and 
40,000 dalton protainc, but none of the others. 

Of  particular in teres t  i n  t h i s  figure is the  accum\~lation of 
several new protcins i n  the ABA-treated cotyledons (enclosed i n  
pen). Some of these proteins are  not apparent-in 50 o r  100 mg 
embryos nor in  those precociously germinating. However, they are 



Fig. 8. Stained 
gels of toL-'! ha- .. 
cotyledon pr~ tkzn .  
Left top, frern; . '  
50 mg cxbryos; - : "  

center, from Close 
germinated 4 days; 
bottom, from those 
incubated 4 days 
i n  ABA. Center. 
top, from 100 ng 
embryos; cente,, 
from 100 mg em- 
bryos germinated 
3 days; bottom, 
from 100 ms em- 
bryos incubated - 
3 days i n  ?&A. 
Right top, fron 
the readily soi- 
uble fraction of 
dry seeds; ten-er, 
from 100 mg cn- 
bryos germinated 
5 days; bottom. 
from 100 mg cm- 
bryos incubated 
5 days i n  ABA. 



found i n  the  mature seed a s  shown by t h e  upper r i g h t  hand panel 
which is the  readi ly soluble protein from diry seed cotyledons. 

Figure 9 shows t h e  protein synthesized -- i n  vivo by cotyledons 
from 50 and 100 embryos during precocious'germination 5-A. The 
50 mg sequence is on the l e f t  hand side. From top t o  bottom a re  
shown t o t a l  radioactive proteins from cotyledons of embryos trans- 
ferred t o  isotope containing solutions for  6 hours immediately 
a f t e r  dissect ion and then harvested (these show t h e  proteins 
being synthesized -- i n  s i t u  a t  these stages i n  development) followed 
by t h e  radioactive proteins from precociously germinating cotyle- 
dons and f i n a l l y  those from ABA arrested cotyledons. I n  t h e  l a t t e r  
two cases t h e  50 mg embryos were incubated 4 days and t h e  100 mg 
embryos 3 days. They were exposed t o  the isotope f o r  the  l a s t  1 2  
hours of the  incubation period s o  a s  t o  determine t h e  proteins 
being synthesized during the  l a s t  phase of incubation. 

The top panels show t h a t  both 50 and 100 mg cotyledons a r e  syn- 
thesizing the 70,000 and 40,000 dalton proteins, although t h i s  syn- 
t h e s i s - i s  somewhat less i n  the  older cotyledons. By the  end of 
t h e  incubation period, a l l  of t h i s  synthesis has stopped i n  both 
sets of cotyledons, even i n  those t reated w i t h  ABA. Many, new 
proteins a r e  being synthesized i n  the unarrested cotyledons; how- 
ever, i n  the  ABA arrested cotyledons t h e  pat tern is qui te  different .  
Much of t h e  radioact ivi ty is found i n  those proteins t h a t  were 
found t o  accumulate i n  l a t e  embryogenesis i n  the  s t a i n  catalog. 
The s a l i e n t  question here is a r e  any/all of these proteins induced 
by ABA? Some of these proteins are  being synthesized i n  50 mg 
cotyledons i n  s i t u  when t h e  endogenous ABA level  is low. Their -- 
synthesis continues when t h e i r  precocious germination is arrested 
by ABA but  ceases when germination be.fins. Thus t5.?se proteins 
may be considered products of a mRNA subset t h a t  functions during 
the  l a t t e r  half  of embryogenesis before and a f t e r  ABA arres ta t ion  
and t h a t  disappeared upon qennination. 

Some of the  proteins found i n  t h e  ABA t r ea ted  cotyledons, 
however, a r e  not synthesized i n  the younger cotyledons and may in- 
deed r e s u l t  from exposure t o  ABA, appearing i n  l a t e  embryogenesis 
i n  s i t u  and upon exposure of young Gmbryos t o  ABA a f t e r  dissection. -- 
These proteins we f e e l  a re  the products of the  mRNA subset induced 
by -A and whose function is t o  prohibi t  immature embryos from . 
germinating before seed maturation is complete. It has been known 
f o r  some time t h a t  ABA inhibi t ion of the  synthesis of several  
developenta l ly  important enzymes is, i t s e l f ,  a phenomenon t h a t  
requires continued RNA synthesis8r18. 

We have sa id  very l i t t l e  about the  40,000 dalton protein t h a t  
disappears upon t h e  dissect ion of immature embryos and disappears 
normally i n  l a t e  embryogenesis. We believe t h i s  prote in  t o  be one 



Fig. 9. Fluorographs of  proteins synthesized i n  vivo. Left panels 
are from cotyledons of 50 mg embryos. Top, from enbqos 
labelled briefly after  dissection; middle f f 6 m  t30Se 
labelled after 4 days germination; bottom, from those 
labelled after 4 days i n  ABA. Right panels are from coty- 
ledons from 100 mg embryos. Treatments arc the same, ex- 
cept germination and incubation was for 3 days. 



of t h e  p lan t  a c t i n s  wh0s.e presence is' linked t o  c e l l  d iv i s ion .  
O u r  r a t i ona l e  f o r  t h i s  be l ie f  is summarized a s  follows: 

Chemical 
1. llolecular weight = about 40,000 dal tons  
2. p I  = .6.2 i n  8 molar urea 
3.  Insoluble i n  d i l u t e . s a l t s  o r  Tri ton X-100 
4. Soluble i n  SDS, DOCI 6 M urea, half  molar s a l t s  
5. Solubil ized by ' m i l l h o l a r  ATP, Ca++ 
6 .  Prec ip i ta ted  by t h e  addi t ion of KC1 a t  0.1 M . . 

7. Binds weakly ,to D N A s e  .I-Sepharose 

Biological  
1. Abundant pro te in  during c e l l  d iv i s ion  phase of embryogenesis- 
2. Disappears during maturation phase. 
3. I n  vivo synthesis  demonstratable. -- 
4. Synthesis ceases ( a s  does c e l l  d ivis ion)  and .protein  disappears 

when very young embryos are removed .from seed. 
5 .  Synthesis .not  maintained by ABA 

These da t a  from both t h e  stai1.1 and -- i n  vivo synthes i s  cata logs 
can be diagrammatically' summarized a s  follows: 

PROTEIN CHANGES I N  COTYLEDON E ~ I B R Y O G E ~ S I S  

a t  50 mg s t age  
1. low endogenous ABA 
2.' c e l l  d iv i s ion  occurring 
3,. s torage  pro te in  synthesis  and processing from 70K da l ton  

precursor occurring 
4. a c t i n  syrxkhesis occui-ring 

a t  100 mg s t a y e '  
1. high endogenous ABA 
2. no c e l l  d iv i s ion  
3 .  s torage  pro te in  synthesis  and processing continuing 
4. a c t i n  synthesis  decreasing, a c t i n  disappearing 

upon precocious ... bermination 
1. cell div is ion  s tops  prematurely i n  50 mg d r y o s .  
2. s to ragc  pro tc in  synkhes.is s tops ,  degradation begins 
3 .' proc:es$;i~ly of 70R dalton precursor continues u n t i l  complete 
4. a c t i n  synthesis  s tops ,  a c t i n  disappears 
5. synthesis.  of ,qnbryogenic pro te ins  s tops ,  they disappear 



6 .  germinat ion  p r o t e i n s  appear  

upon i n c u b a t i o n  i n  exogenous ABA 
1. c e l l  d i v i s i o n  s t o p s  p r e n a t u r e l y  i n  50 mg embryos - 
2. s t o r a g e  p r o t e i n  s y n t h e s i s  s t o p s  bu t  no d e g r a d a t i o n  o c c u r s  
3 .  process ing  o f  7 0 ~  d a l t o n  p r e c u r s o r  con t inues  u n t i l  complete  

"4 .  a c t i n  s y n t h e s i s  s t o p s ,  a c t i n  d i s a p p e a r s  
**5..many embryogenic p ro t e ins . : con t inue  t o  be s y n t h e s i z e d '  

.. . 
***6.  . . ABA p r o t e i n s  appea r  

. -. . . .. .. . .  
i n  t h e  mature  s eed  . .  . - l , . a l l . s t o r a g ' e  p r o t e i n  processed ,  70K d a l t o n  p r e c u r s o r  gone  
2. a c t i n  has  d i sappea red  .. . . . . 
3.  embryogenic p r o t e i n s  e v i d e n t  . . 
4. ABA p r o t e i n s  e v i d e n t  . .. 

*member o f  c e l l  d i v i s i o n  mRNA s u b s e t  which may depend on  v a s c u l a r  
connec t ion  

**members of embryogenic mRNA s u b s e t  which f u n c t i o n s  d u r i n g  and  
a f t e r  c e l l  d i v i s i o n  phase,  and is n o t  dependent  upon v a s c u l a r  
connec t ion  o r  h i g h  endogenous ABA, d i s a p p e a r s  when ge rmina t ion  
program begins .  

. ***members of  ABA induced mJ3NA s u b s e t , '  f u n c t i o n s  t o  p r e v e n t  i n i t i a -  
t i o n  o f  the ge rmina t ion  program. 
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