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INTRODUCTION

The many s tu d ie s  an ind igenous p la n t growth prom oting su b stan ces  

which have ensued s in ce  th e  monumental work o f  Went (64 ) opened th e  f i e l d  

f o r  development have g e n e ra lly  been concerned w ith  th e  fo llo w in g  prob­

lem s: (1 ) how th e  su b stan ce  i s  e x tra c te d  from p la n ts ,  (2 ) what substanc4

i s  e x tra c te d , (3 ) th e  s t a t e  and n a tu re  o f th e  substance  in  th e  p la n t ,  (4 ] 

the  q u a n t i ty  o f  th e  su b stan ce  e x tra c te d ,  ( 5) th e  e f f e c t s  e x h ib ite d  in  th e  

p la n t by th e  su b stan ce , and ( 6 ) th e  mechanism whereby th e  sub stan ce  ex­

e r t s  th e se  e f f e c t s .

The ap p aren t s im p l ic i ty  o f th e se  problem s i s  m is lead in g . Auxin 

occurs in  ex trem ely  sm all q u a n t i t i e s  in  p la n ts  ( e .g .  1 .6  x  10“^>«<g. p e r 

Avena c o le o p t i le  (6? ^ .  This ren d e rs  rem oval o f  th e  aux in  and i t s  subse­

quent id e n t i f i c a t i o n  ex trem ely  d i f f i c u l t ;  even th e  q u a n t i ta t iv e  de term i­

n a tio n s  depend la r g e ly  upon b io a ssa y  methods which a re  not p r e c is e ly  

q u a n t i ta t iv e .

The s i tu a t io n  i s  f u r th e r  com plicated  by th e  many s t a t e s  in  which 

jauxin e x is t s  in  p la n t s .  In  a d d it io n  to  th e  f r e e  a c id  au x in , in d o le -3 -  

a c e t ic  a c id  (lAA), re p o r te d  by many workers (20 , 23, 27, 29, 30, 43, 59, 

60, 67 ) th e  p resen ce  o f two n o n -a c id ic  a u x in s , in d o le - 3 - a c e to n i t r i l e

The d e f in i t io n s  accep ted  by Leopold (39) f o r  th e  term s au x in , 
growth re g u la to r ,  and hormone a re  used th roughou t t h i s  d i s s e r t a t io n ;  th e  
ex p ress io n  p la n t  growth prom oting substance  w i l l  be used synonymously 
w ith th e  te rm  aux in .



(IAN) and in d o le -3 -ace ta ld eh y d e  (lA c), i s  in d ic a te d . IAN has been demon­

s t r a te d  w ith  c e r ta in ty  in  C ru c ife rs  (28 , 6 l)  and a few o th e r p la n ts  (5 ) j 

th e  p resence  o f lAc has been s tro n g ly  suggested  (20, 24, 31, 6 3 ). The 

e th y l  e s t e r  o f  lAA has been re p o rte d  (45, 54 ), as have v ario u s  presumed 

in te rm e d ia te s  in  lAA form ation  such as tryp tam ine  (65) and in d o le  pyruv ic

a c id  ( 50) .

During th e  e x tra c t io n  o f aux in , th e  f r e e  form  i s  assumed to  be 

g ra d u a lly  re le a s e d , e i th e r  in  a p u re ly  chem ico-physical way, o r enzyraa- 

i i ic a l ly  from one o f th e  va rio u s  bound form s. lA A -protein complexes have 

been re p o rte d  (66, 68, 69) and p re c u rso r  a n d /o r p o s tc u rso r  complexes o f 

lAA a re  w e ll known (8 , 9 , 4 9 ); i t  i s  a lso  known th a t  lAA can be adsorbed 

on v a rio u s  p ro te in s  (1 9 ). The problem  i s  f u r th e r  com plicated by th e  f a c t  

th a t  try p to p h an e , which occurs in  many p la n t p ro te in s  and e x is t s  to  some 

e x te n t in  th e  f r e e  form, i s  e a s i ly  converted  to  lAA, e i th e r  chem ically  

[22 , 46 ) o r  en zy m atica lly  (67 , 7 0 ).

To obscure th e  auxin p ic tu re  s t i l l  f u r th e r  th e re  e x is t s  an lAA 

oxidase complex o f enzymes (51, 52, 62) which con tinuously  d e s tro y s  lAA; 

and a n a tu r a l ly  o ccu rrin g  in h ib i to r  o f t h a t  enzyme complex a lso  e x is t s  

[52) .  The lAA oxidase  has re c e n tly  been shown to  behave l ik e  an induced 

enzyme, r i s in g  in  response  to  in c re a se d  exogenous auxin le v e ls  (17, 4 4 ). 

There a re  a lso  found in  many p la n ts  non-auxin  r e la te d  in h ib i to r s  (24, 25, 

26 ) and auxin a n ta g o n is ts  (40, 42 ) .

G eneral agreement i s  la ck in g  as  to  th e  a c tu a l  n a tu re  o f th ese  

forms o f  auxin o r  t h e i r  p h y s io lo g ic a l s ig n if ic a n c e  in  th e  p la n t .  Conse­

q u e n tly , th e re  i s  no s tan d a rd  method f o r  th e  removal o f th e se  substances



'from p la n ts .  Auxin has been c o lle c te d  from d i i ’fu s a te  in to  ag ar blocks o f  

o th e r  m edia. More commonly th e  t i s s u e  i s  immersed in  an auxin  so lv en t 

such as e th a n o l, ch loroform , carbon t e t r a c h lo r id e ,  w a te r , o r e s p e c ia l ly  

d ie th y l  e th e r  (35, pp . 565-570). The auxins o b ta in ed  by th e se  d i f f e r e n t  

methods may re p re se n t a  v a r ie ty  o f d i f f e r e n t  forms and th e se  d i f f e r e n t  

forms may undergo f u r th e r  changes during  e x tra c t io n .  Thus th e  e x tra c t io n  

o f auxin  from p la n ts  has occasioned  g re a t  d i f f i c u l t y .  This th en  le a d s  tp  

th e  anomalous s i tu a t io n  in  which advances a re  being made d a i ly  in  prob­

lems 2-6 enumerated in  th e  f i r s t  paragraph  o f t h i s  s e c t io n , b u t t h e i r  

v a l id i t y  i s  always overshadowed by th e  r a th e r  u n c e r ta in  approaches to  

th e  b a s ic  problem o f i n i t i a l l y  o b ta in in g  th e  aux in . The i n i t i a l  p o r tio n  

of th e  fo llow ing  stu(fy was begun in  an a ttem pt to  d e v ise , i f  p o s s ib le ,  a 

s a t i s f a c to r y  procedure fo r  e x tra c tin g  auxin from any p la n t t i s s u e .

The scope o f t h i s  in v e s t ig a t io n  in c lu d e s  o n ly  th e  f i r s t  th re e  

problems l i s t e d  a t  th e  beginning  o f  t h i s  s e c t io n . A p a r t i c u la r ly  puz­

z lin g  problem  i s  th e  fo im atio n , id e n t i ty ,  and s ig n if ic a n c e  o f n o n -a c id ic  

auxin which has been found from  tim e to  tim e (10, 20, 24, 31, 6 3 ). Work 

on i t s  fo rm ation  was undertaken  w ith th e  view  th a t  i t  m ight y ie ld  some 

fu r th e r  in s ig h t  in to  th e  b io g e n es is  o f  lAA from try p to p h an e . With th e se  

goals in  mind th is  s tudy  was c a r r ie d  out in  th e  B o tan ica l la b o ra to ry  o f 

the  U n iv e rs ity  o f Bergen, Norway, from Septem ber, 1953 to  June, 1954; 

and in te r m i t te n t ly  a t  th e  U n iv e rs ity  o f  Oklahoma a t  Noiman, Oklahoma, 

from September 1954 to  June, 1955.



MATERIALS AND METHODS

EXTRACTION AND FORMATION OF AUXIN

T issu e » An unknown s t r a i n  o f y e llow  f i e l d  m aize w ith  s ta rc h y  

endosperm was used as  a  source o f  t i s s u e .  L arge , uniform  k e rn e ls  were 

s e le c te d  and th e  endosperms, to g e th e r  w ith  p o r tio n s  o f  th e  seed and 

f r u i t  c o a t, were removed w ith  a  p a i r  o f  d iag o n al c u t t e r s .  Care was 

ta k en  to  ensure  t h a t  none o f th e  embryo was in c lu d e d . As th e  endosperm 

d id  n o t appear to  lo se  i t s  growth prom oting a c t i v i t y  upon s to ra g e , a
I
la rg e  q u a n ti ty  was c o a rse ly  ground in  a  c o ffee  g r in d e r  and s to re d  in  a  

d e s ic c a to r .  This a ffo rd ed  uniform  samples th ro ughou t th e  experim enta­

t i o n .  Samples o f 10 gms. each were used in  th re e  e a r ly  e x tr a c t io n s ,  b u t 

in  a l l  l a t e r  e x tra c t io n s  2 gm. sam ples were c o n s is te n t ly  used .

I In  o th e r  experim ents peas o f a  D anish v a r ie ty ,  Dippes m ai, were

p la n te d  in  r i v e r  sand in  c la y  p o ts .  A fte r  9 days growth in  th e  d a rk  w ith  

o c ca s io n a l exposure to  dark-room  re d  l i g h t  (see  B ioassay  o f A uxin), th e
I
p la n ts  were h a rv e s te d . From th e  p la n ts  in  which th e  fo u r th  in te rn o d e  was 

jju st commencing to  e lo n g a te , th e  t h i r d  in te rn o d e  was removed and p laced  

in  a  la rg e  p e t r i  d ish  l in e d  w ith  m oist f i l t e r  p ap er. In  each e x tr a c t io n  

[ f if ty  in te m o d e s  (c a . 5 gm s.) were h a rv e s te d , moved to  a  co ld  (1° C .)
I  I
room, cu t in to  about 1 cm. le n g th s ,  and q u ic k ly  weighed. E x tra c tio n  was 

commenced im m ediately .
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E x tra c tio n  S o lv e n ts . M iT Iinck rod t' s "E ther Anhydrous, A n a ly ti-  

c a l  R eagen t,"  B r i t i s h  "A n ala r,"  o r  a  lo c a l  Norwegian e th e r  were a l l  

eq u a lly  s a t i s f a c to r y .  S ince none co n ta in ed  more them 0.01% a lco h o l no 

tro u b le  was encountered  in  subsequent p a r t i t io n in g  o f e x t r a c ts .  These 

e th e rs  were p u r i f ie d  as d e sc rib e d  by  Larsen (35, p . 568) and s to re d  a t  

b e lo w -freez in g  te m p e ra tu re s .

In  a l l  cases  in  which w ater was th e  e x tra c t io n  so lv en t o r  a com­

ponent o f  th e  so lv en t system , f r e s h ly -b o i le d ,  g l a s s - d i s t i l l e d  w ater was 

used.

Enzyme I n h ib i to r . A 100 p .p .m . s o lu t io n  o f  sodium d ie th y ld i -  

th iocarbam ate  [^a-DEDT fo llo w in g  th e  a b b re v ia tio n  scheme o f Goks^yr 

(1 8 ^  was used f o r  some e x tr a c t io n s .  T e rp s tra  (53) re p o rte d  th a t  t h i s  

compound does n o t cause a c u rv a tu re  in  th e  Avena t e s t  i t s e l f ,  nor does i t  

in flu en c e  th e  cu rv a tu re  caused by lAA. These r e s u l t s  were confirm ed f o r  

a c o n c e n tra tio n  o f  100 p .p .m ., but s tro n g e r  c o n ce n tra tio n s  in te r f e r e d  

w ith cu rv a tu re  responses caused by lAA (Table 1 ) ,

Tem perature and l i g h t . Two te m p e ra tu res , 1° 0. and 22° 0 . ,  

were employed f o r  e x tr a c t io n s .  The tem peratu re  was c o n tro lle d  in  each 

in s ta n c e  to  w ith in  0 .5 °  0. A ll e x tra c t io n s  were c a r r ie d  ou t under red  

L ight (C om ing f i l t e r  No. 2424).

E x tra c tio n  Procedure

1 . Maize Endosperm. The s tan d a rd  procedure was to  

p lace  2 gms. o f  endosperm in  a  50 m l. Erlenm eyer f l a s k ,  add 4 ml. o f 

f r e s h ly -b o i le d  w ater (which had been cooled  to  th e  e x tra c t io n  tem pera­

tu re )  and 10 m l. o f d ie th y l  e th e r .  The f la s k  was s to p p ered  and a g i ta -  

ted_at_iiigh_spp_e.(L-foji_5-7-iiiinutes_orua_mecJianical_agitator. T heruthe____



TABLE I

RESPONSE OF AVENA GOLEOPTILES TO SYNTHETIC lAA AND 
SYNTHETIC lAA + Na-DEDT

lAA Oig. p e r  L i te r ) Na-DEDT (p .p .m .) Degrees C urvature

40 0 1 8 .0

40 100 18 .2

40 10,000 0



e th e r  was poured o f f ,  and th e  l a s t  th re e  m inutes o f  th e  hour o f e x tra c ­

t io n  were devoted to  r in s in g .  The s tan d a rd  r in s in g  procedure c o n s is te d  

o f  p ip e t t in g  2 m l. o f  e th e r  in to  th e  aqueous endosperm, shaking b r i e f l y ,  

and th en  d ecan ting  th e  e th e r .  This was re p e a te d  f o r  a  t o t a l  o f th re e  

r in s in g s .  The r in s e  e th e r  was combined w ith  th e  o r ig in a l  10 ml. and th e  

r e s u l t in g  e x tr a c t  was e i th e r  made up to  2$ ml. in  a vo lum etric  f l a s k  o r 

reduced i n  volume by ev ap o ra tio n  a t  50° C. and made up to  10 m l. I f  th e  

e x tra c t io n  was con tinued  lo n g e r than  one hour, f r e s h  e th e r  was added a f ­

t e r  r in s in g .  The amounts o f so lv en t and endosperm, th e  c o n ta in e r , th e  

a g i t a t io n ,  th e  tim e o f e x tr a c t io n , and th e  r in s in g  procedure  were a l l  

v a rie d  a t  one tim e o r  a n o th e r and th e se  changes from th e  s tan d a rd  p ro ­

cedure a re  no ted  in  th e  d isc u ss io n s  o f th e  a p p ro p ria te  experim en ts. Mien 

w ater alone was used as  a  so lv en t th e  aqueous endosperm was c e n tr ifu g e d  

and th e  c e n tr i fu g a te  im m ediately  shaken in  a  se p a ra to ry  fu n n e l w ith  1^ 

tim es i t s  volume o f e th e r  f o r  th re e  p e rio d s  o f 4 , 3 , and 2 m inutes each . 

The aqueous e x tr a c t  was a c id i f ie d  w ith  HCl to  approx im ate ly  pH 3 .0  to  

o b ta in  a more fav o rab le  p a r t i t i o n  c o e f f ic ie n t .  For convenience in  cen­

t r i f u g a t io n  50 m l. c e n tr ifu g e  tu b e s  were used as  e x tra c t io n  v e s s e ls  in  

e x tra c tio n s  re q u ir in g  s e v e ra l  changes o f w a te r .

In  some cases  an aqueous e x tr a c t  o f maize was im m ediately  hydro­

ly zed  by b o ilin g  a t  pH 9 .6  O b ta in ed  by u s in g  1^20 b o ra te  b u f f e r  de­

sc r ib e d  by Avery, B erger, and Shalucha ( 3 ^ .  A fte r  coo ling  and a c i d i f i ­

c a tio n  th e  hydrolyzed e x tr a c t  was p a r t i t io n e d  w ith  e th e r  as  d e sc rib ed  

above. A second p o r tio n  o f  th e  same o r ig in a l  e x t r a c t  was f i r s t  acid ified  

and shaken ou t w ith  e th e r ,  th u s  o b ta in in g  th e  e th e r  so lu b le  su b s ta n c es , 

and_then-tbe_rem ainder—w as-hydrolyzed.— T h is-p ro ced u re -en ab les-o n e—to -----
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o b ta in  in fo rm atio n  concern ing  th e  r e l a t i v e  amounts o f  t o t a l ,  e th e r  s o lu -  

3 le , and h y d ro ly zab le  aux in  from  an aqueous e x tr a c t  o f endosperm.

2 . Pea In te m o d e s . In  each e x tra c t io n  50 th i r d  i n -  

bernodes o f pea were covered w ith  20 ml. o f e th e r  o r  w ater in  a 100 ml. 

Erlenmeyer f l a s k .  In  th e  f i r s t  w ater e x tra c t io n s  perform ed a t  22° C. i t  

was found th a t  th e  in te rn o d e s  con tinued  to  grow. T h ere fo re , in  a l l  sub­

sequent w ater e x tra c t io n s  th e  t i s s u e  was ra p id ly  fro zen  in  a  f re e z in g  

p h e s t , thawed and e x tra c te d . In  c e r ta in  e x tra c t io n s  100 p .p .m . o f 

Na-DEDT was added. The e x tr a c t io n  f la s k  was p laced  on an a g i t a to r  and 

shaken a t  th e  d e s ire d  tem pera tu re  f o r  57 m inu tes . The so lv en t was th en  

poured o f f  and th e  t i s s u e  r in s e d  th r e e  tim es w ith  2 m l. p o r tio n s  o f s o l­

ven t. The r in s e  so lv en t was combined w ith  th e  o r ig in a l  e x tr a c t  and, in  

e th e r  e x t r a c t io n s ,  th e  r e s u l t in g  m ixture  was made im m ediately to  volume 

in  a 25 m l. vo lu m etric  f l a s k ,  ev ap o ra tin g  i f  n e ce ssa ry . In  a l l  w ater 

e x tra c tio n s  th e  aux in  was f i r s t  p a r t i t io n e d  from w ater in to  e th e r  as 

p rev io u s ly  d e sc rib e d  f o r  aqueous maize endosperm e x t r a c t s ,  and th e n  p a r­

t i a l l y  evaporated  and made to  volume.

I f  th e  e x tra c t io n  was to  be continued  th e  pea in te rn o d e s  were 

covered again  w ith  20 m l. o f so lv en t and th e  e n t i r e  procedure  was r e ­

p e a te d . The in te m o d e s  were o f te n  l e f t  fo r  in te r v a l s  lo n g e r th a n  an 

hour. A lso, in  some cases 24 hours e lap sed  b efo re  th e  i n i t i a l  so lv en t 

change. These v a r ia t io n s  from  th e  s tan d a rd  procedure a re  in d ic a te d  in  

th e  p re s e n ta t io n  o f  r e s u l t s .

P u r i f ic a t io n  of E x t r a c ts . Crude e x tr a c ts  o b ta in ed  as d esc rib ed  

above were p u r i f ie d  by p a r t i t io n in g  between e th e r  and w ater (35> pp. 

5-71=57-2.)-. T-a£t-ari-C--_a.cicl-was_J!irs-t_us-e_d_t.o._a.ciiiey:e_£L_piLv:alue-_s.ui±.able__
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fo r  re g e n e ra tio n  o f the  a c ia n C ra c tio n . However, Larsen (3"6) in  renewing 

h is  p rev ious warning (38) p o in ts  ou t t h a t  t a r t a r i c  a c id  i s  n o t s u i ta b le  

fo r  th i s  purpose in  many auxin experim ents. He re p o rte d  t h a t  w hile  th e  

e f f e c t  o f HCl was on ly  s l i g h t ,  in c re a s in g  c o n ce n tra tio n s  o f  t a r t a r i c  acici 

caused reduced response of t e s t  p la n ts  to  s y n th e t ic  lAA. In  th e  p re sen t 

in v e s t ig a t io n  t a r t a r i c  a c id  in flu en c ed  th e  apparen t auxin y ie ld  from 

m aize, p robably  by a f fe c t in g  th e  Avena cu rv a tu re  t e s t  (Table 2). O ther 

experim ents perform ed by th e  w r i te r  show th a t  t a r t a r i c  a c id  ( e i th e r  d 

o r causes a dim inished cu rv a tu re  response to  s y n th e tic  lAA. Bonde

(11) s ta te d  t h a t  m icroscopic  se c tio n s  o f Avena c o le o p t i le ,  to  which a 

b a r tra te -c o n ta in in g  agar b lock  was a p p lie d , showed ex ten s iv e  c e l l  injury. 

T herefore , T e r p s t r a 's  (53) method o f a c id i f ic a t io n  w ith  HCl was adopted .

B ioassay  o f  Auxin 

The Avena c o le o p t i le  cu rv a tu re  t e s t  was employed f o r  most o f  th é  

b io assay s. G rains of Swedish V ic to ry  o a ts  were o b ta in ed  from S veriges 

U tsfidesfbrening, Svalftf, Sweden. C u ltiv a tio n  in  v ia ls  o f s o i l  and p rep ­

a ra t io n  o f th e  t e s t  p la n ts  employing th e  double d e c a p ita tio n  method were 

done e x a c tly  as d esc rib ed  by Larsen  (35, pp . 579-581).

Since th e  p la n ts  a re  h ig h ly  s e n s i t iv e  to  wave le n g th s  o f  l i g h t  

s h o r te r  than  550 m illim ic ro n s , they  were grown in  a dark  room and t e s t  

procedures c a r r ie d  ou t by the  l i g h t  from a 15 w att bu lb  screened w ith  a 

Corning No. 2424 f i l t e r .  Such a  f i l t e r  excludes s h o r te r  wave le n g th s  o f 

l i g h t  th e reb y  p rev en tin g  p h o to tro p ic  c u rv a tu re s , and in c re a s in g  th e  sen­

s i t i v i t y  o f th e  c o le o p t i le s  to  auxin .

Agar f o r  th e  b io assay  was p rep ared  accord ing  to  Larsen (35,
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TABIiE 2

THE EFFECT OF THE ACID USED IN PURIFICATION OF THE EXTRACT UPON 
APPARENT YIELD OF ETHER SOLUBLE ACIDIC AUXIN IN ONE HOUR 

EXTRACTIONS OF MAIZE ENDOSPERM. ACTIVITY EXPRESSED IN 
MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

jD ilution o f Crude 
iEbctract With E th er 
B efore Shaking Out

D ilu tio n  o f  Crude 
E x tra c t With E th er 
A fte r  Shaking Out

T a r ta r ic  Acid H ydrochloric  Acid
;ig . eq . 

lAA
No. o f 
T ests

Jig. eq. 
lAA

No. of 
T es ts

1 to  6 200 Times 3500 2 3500 1

1 to  40 30 Times 3100 4 3450 1

1 to  150 8 Times 2300 4 3100 4

1 to  800 1 .5  Times 950 1 ———— ---—

1 to  1200* — — — (3400 Jig. e q . ,  1 t e s t )

* Crude e x tr a c t  w ithou t p u r i f i c a t io n .
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pp. 5B5-5BS0 and auxin  was in c o rp o ra te d  in to  th e  ag ar b y L a r s e n 's  (35j 

pp. 587-588) m o d if ic a tio n  o f  th e  e th e r  dropping  method o f Boysen-Jensen

(1 2 ). B locks o f 4 m m .3 ( 2 x 2 x 1  mm.) were p rep ared  by means o f a 5- 

bladed c u t t e r .  Advantages o f t h i s  b lo ck  s iz e  were d isc u sse d  by Larsen 

(35, pp. 588-590). The ag ar b lock  was th e n  a p p lie d  on one s id e  o f th e  

d e c a p ita te d  Avena c o le o p t i le .  T est p la n ts  respond to  auxin by curv ing  

away from th e  ag ar b lo ck . Growth in h ib i to r s  cause cu rv a tu re  tow ard th e  

agar b lo ck . The ang le  which th e  s t r a ig h t  base o f th e  c o le o p t i le  made 

w ith th e  tan g en t to  th e  curved p o r tio n  a t  i t s  extrem e upper end was taken 

as a measure o f th e  re sp o n se . The ang le  was m easured on th e  convex s id e  

of th e  c o le o p t i le ,  A c u rv a tu re  m easuring c h a r t  m odified  from Purdy (35, 

p. 584) was used . The com putation o f d eg rees c u rv a tu re  by th i s  method 

was f u l l y  d e sc rib e d  by Larsen (35 , p . 584).

The s tan d a rd  s o lu t io n  f o r  a l l  th e  aux in  b io assay s  was p rep ared  

with pure  c r y s ta l l in e  lAA. On th re e  o ccasio n s  aqueous s tan d a rd  s o lu t io n  

(35, pp. 590-591) were used f o r  comparison b u t ,  in  g e n e ra l , s o lu tio n s  in  

e th e r  were employed (35, p . 591). An a c t i v i t y  curve o f lAA was o b ta in ed  

by p lo t t in g  c u rv a tu re s  a g a in s t  c o n c e n tra tio n  (F igure  1 ) .

In  co n sid e rin g  th e  v a r i a b i l i t y  o f  th e  Avena cu rv a tu re  t e s t  o r 

any t e s t  in  which th e  r e s u l t  i s  exp ressed  as a mean o f th e  responses o f 

a number o f in d iv id u a l  t e s t  o rgan ism s, one must d is t in g u is h  between th e  

v a r i a b i l i t y  among in d iv id u a ls  used  on a g iven occasio n  and th e  v a r ia ­

b i l i t y  among means o b ta in ed  on d i f f e r e n t  o c ca s io n s . Using th e  w r i t e r 's  

l a t a  Larsen  (35, pp. 593-594) dem onstrated  th a t  v a r ia t io n s  among occa­

sions was no g r e a te r  th a n  th e  v a r ia t io n  among in d iv id u a l  t e s t  p la n ts .  

________CuEyat,ure_xeM ings_aEe_expjressB.d_as_IAA_^-._equivalents_per____
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:icïlogram o f^ E ïssu e . The method o f  c a lc u la t io n  and a d is c u s s io n  o f  tf i i  

m e r its  o f such a  va lue  a re  g iven  by L arsen  (35, pp. 597-599).

I d e n t i f i c a t io n  Procedure 

The i n i t i a l  s e p a ra tio n  in to  a c id ic  and n o n -ac id ic  f r a c t io n s  was 

d escribed  under P u r i f ic a t io n  o f E x tra c ts .  F u r th e r  s e p a ra tio n  was accom­

p lis h e d  by paper chrom atographic te ch n iq u es . S t r ip s  o f Whatman No. 1 

paper 30 cm. long  and 2 cm. wide were p rep a red . In  th e  c e n te r  o f each 

s t r i p  3 cm. from one end a sm all dot was made w ith  a p in . Twenty c e n t i ­

m eters from t h i s  d o t a  p e n c il  l i n e  was drawn ac ro ss  th e  s t r i p .  The 

s t r ip s  were s tre tc h e d  on a wooden frame w ith  thumb ta c k s  p laced  below 

and above th e  20 cm. p o r tio n  th rough  which th e  s e p a ra tio n  o c c u rs . The 

s th e r  e x tr a c t  to  be sep a ra te d  was a p p lie d  d ropw ise ' w ith  a  m ic ro p ip e tte  

on th e  p in -p r ic k . An e f f o r t  was made to  keep th e  dropped a re a  no more 

than 1 cm. in  d iam eter w ith  th e  p in -p r ic k  as th e  c e n te r .  A fte r  th e  ex­

t r a c t s  were dry th e  upper ends o f s ix  such s t r i p s  were c lip p e d  to  a  g la s s  

rod suspended on a  sm all wooden s c a f fo ld  and 0 .5  cm. o f th e  low er ends 

was allow ed to  d ip  in to  a la rg e  p e t r i  d ish  f i l l e d  w ith  th e  a p p ro p r ia te  

p a r t i t io n  so lv e n t. This ascending  so lv en t system  was th e n  covered  w ith  

a b e l l  j a r  and allow ed to  run in  a  tem p era tu re  c o n tro l le d  room (22° C .) 

aquipped w ith  red  l i g h t s .  The p a r t i t i o n  so lv en ts  used were th e  fo llo w ­

in g : ( l )  g l a s s - d i s t i l l e d  w a ter, f r e s h ly  b o ile d  and co o led ; (2) iso p ro ­

panol (10 p a r t s ) ,  ammonia, sp . g r .  0 .88  (1 p a r t ) ,  w ater (1 p a r t ) ;  (3)

70^ e th a n o l.

A wick o f  c lo th  was p laced  in  th e  p e t r i  d ish  to  h e lp  s a tu r a te  

th e  atmosphere w ith  so lv e n t . In  a d d it io n , w ith  w a ter o r  10% e th a n o l ,
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;he b e l l  j a r  was p a r t i a l l y  l in e d  w ith  f i l t e r  paper w etted  w ith  so lv e n t , 

fhe  isopropanol-anim onia-w ater so lv en t con tained  so l i t t l e  w ater th e  f i l ­

le r  paper would no t adhere to  th e  g la s s .

When th e  f ro n t o f th e  p a r t i t i o n  so lv e n t had reached th e  20 cm. 

mark th e  s t r i p  was removed, pinned back on th e  wooden fram e, and allow ed  

:o d ry . The paper s t r i p s  were th e n  cu t in to  s e c tio n s  o f d e s ire d  le n g th , 

shredded, and p laced  in  50 m l. Erlenm eyer f la s k s  o r  30 m l. t e s t  tu b e s .

Ten m i l l i l i t e r s  o f e th e r  were added and th e y  were a g i ta te d  two hours on 

she a g i t a to r .  The e th e r  was then  poured o f f  and th e  paper r in s e d  th re e  

imes w ith  2 m l. p o rtio n s  o f e th e r .  This e lu a te  was condensed to  10 ml. 

and te s t e d  w ith  th e  Avena c u rv a tu re  t e s t .

On some s t r i p s  r e l a t i v e ly  la rg e  q u a n t i t ie s  o f  sy n th e tic  and 

n a tu ra l  su b stan ces  were p laced . Large amounts o f co n cen tra ted  n o n -ac id ic  

au x in , pure c r y s ta l l in e  lAA, pure  c r y s ta l l in e  IAN (c o u rte sy  o f D r. E. R. 

i .  Jones, U n iv e rs ity  o f M anchester, E ngland), and s y n th e t ic  p re p a ra t io n s  

o f a  n o n -ac id ic  aux in , presum ably lA c, were u sed . The l a t t e r  compound 

was p repared  from try p to p h an e  and n in h y d rin  (o r i s a t i n )  accord ing  to  

![jarsen (31, pp. Ô5-86). The y ie ld s  o f  a c t iv e  substance  were q u i te  low 

(about 0.5%) and a l l  e f f o r t s  to  in c re a se  them by vary ing  th e  p ro p o rtio n  

o f e i th e r  re a g e n t, o r  by vary ing  th e  tim e o f re f lu x in g  were to  no a v a i l .  

S tr ip s  b e lie v ed  to  co n ta in  a t  l e a s t  0 .2  ;ug. o f some in d o le  compound were 

sprayed  w ith  a  m odified  Salkowski re a g en t c o n s is t in g  o f a m ix ture  o f 

30 m l. o f 10% HgSO  ̂ by volume, and 2 m l. o f 0 .5  M. FeCl^. They were then 

d r ie d  a t  60° C. f o r  3 -6  m inutes and th e  c h a r a c te r i s t i c  c o lo r  re a c tio n s  

observed. Some s t r i p s  were a lso  viewed under u l t r a v io l e t  l i g h t  in  an 

siXcuitJbjo_JLoj;.atjB_fluore5_c_ent_indDle._cfimponnds^___________________________
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RESULTS AND DISCUSSION 

Maize Endosperm

E x tra c tio n  o f Auxin.

1 . E x trac tio n s  o f one hour d u ra tio n . To o b ta in  in ­

form ation  concern ing  th e  r e le a s e  o r  fo rm ation  o f aux in , e x tra c t io n s  

should be c a r r ie d  out over prolonged p e rio d s  o f tim e . However, f o r  many 

of th e  p o in ts  under c o n s id e ra tio n  in  e s ta b lis h in g  an e x tra c tio n  te c h ­

nique i t  i s  s u f f i c i e n t ,  o r  even p re fe ra b le ,  to  l im i t  e x tra c t io n  tim e to  

one hour.

Of th e  many so lv en ts  which w i l l  e x tr a c t  aux in , d ie th y l  e th e r  

and w ater a re  p robab ly  th e  two most f re q u e n tly  used . These two so lv en ts  

and com binations o f th e  two were used as e x tra c ta n ts  o f  a i r  dry  (w ater 

co n ten t about 9%)maize endosperm. E x tra c tin g  w ith  dry  e th e r  alone 

y ie ld e d  no aux in  a t  e i th e r  tem peratu re  (Table 3 ) .  This was no s u rp r is e  

as L ink, E ggers, and Moulton (41) had re p o rte d  t h a t  d ry  e th e r  d id  n o t 

e x tra c t  auxin  from ly o p h iliz e d  t i s s u e ,  even though th e  au x in , once ex­

t r a c te d ,  was h ig h ly  so lu b le  in  dry  e th e r ;  Thimann and Skoog (57) using  

d ry  Lemna powder ob ta ined  no aux in  u n le ss  w ater was added to  th e  e x tra c t ' 

in g  e th e r ;  Wildman and Muir ( ? l )  l a t e r  re p o rte d  th a t  d ry  e th e r  d id  no t 

e x tr a c t  aux in  from ly o p h iliz e d  tobacco o v a r ie s .

With w ater a lone th e re  was a s e r ie s  o f in c re a s in g  auxin y ie ld s
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TABLE 3

THE EFFECT OF VARIOUS AMOUNTS OF ETHER  ̂ WATER, AND ETHER PLUS WATER 
AS ESTRACTANTS UPON ETHER SOLUBLE AUXIN YIELD IN ONE HOUR AGITATED 
EXTRACTIONS OF MAIZE ENDOSPERM. ACTIVITY EXPRESSED AS MICROGRAM 

EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

E x tra c tio n  Technique 220 C. lo C.
Sam­
p le Water

(m l.)
E ther
(m l.)

lig . eq. 
lAA

No. o f 
E x trac ­

t io n s
Jig. eq. 

lAA

No. o f 
E x trac ­

t io n s

1 0 10 (dry) 0 1 0 3

2 0 25 (dry) 0 1 0 1

3 4 0 600 1 400 1

4 10 0 1700 1 1100 3

5 25 0 2300 1 1600 2

6 10 10 2400* 4 1250* 1

7 10 50 3000* 1 1700* 1

8 4 10 3300 5 1900 7

9 4 50 3350 1 2100 2

* I t  i s  p ro bab le  th a t  p a r t  o f th e  auxin rem ained in  th e  aqueous phase in  
th e se  e x tr a c t io n s .
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w ith in c re a s in g  amounts o f w ater a t  e i t h e r  tem p e ra tu re , though th e  actual, 

amounts v a r ie d  w ith  tem p era tu re  (Table 3 ) .  The amount o f w ater seemed to  

Lim it th e  e x tra c t io n  of aux in  (sam ples 3 , h ,  5)« S ince th e  auxin was ob­

ta in e d  r a th e r  s low ly , i t  appears th a t  one was t e s t i n g  n o t on ly  th e  ex­

t r a c t in g  c a p a c ity  o f th e se  s o lv e n ts , bu t a ls o  th e  e f f e c t s  o f  th e  so lv en ts  

upon th e  fo rm ation  o f aux in . As even th e  25 m l. p o r tio n  o f w a ter (sample 

5) may have been l im i t in g  i t  became o f i n t e r e s t  to  f in d  th e  minimum v o l­

ume o f w a ter n ecessa ry  to  ach ieve  a ra p id  t o t a l  e x tra c t io n  o f  au x in . A 

p r a c t ic a l  l im i ta t io n  to  in c re a s in g  w ater volume in d e f in i t e ly  a r i s e s  in  

th a t  a l l  aqueous e x t r a c ts  a re  su b seq u en tly  p a r t i t io n e d  w ith  e th e r  to  in ­

sure  t h a t  one i s  d e a lin g  o n ly  w ith  th e  e th e r  so lu b le  su b stan ces  and to  

f a c i l i t a t e  in c o rp o ra tio n  o f aux in  in to  ag ar by th e  e th e r  dropping te c h ­

n ique. T herefo re  v a rious com binations o f e th e r  and w ater were n ex t em­

ployed (sam ples 6 -9 ) .  A m ix ture  o f 10 ml. o f w a ter and 10 o r  50 m l. o f 

jether gave u n s a t i s f a c to ry  r e s u l t s  (samples 6 and 7 ) .  With sample 6 th e  

r a t i o  o f  so lv e n ts  was such th a t  an em ulsion was formed >iiich rendered  

s e p a ra tio n  o f th e  aqueous endosperm phase and th e  e th e r  phase d i f f i c u l t .  

In b o th  samples 6 and 7 i t  was suspec ted  th a t  th e  s tan d a rd  r in s in g  te c h ­

nique was in ad eq u a te  to  reco v er much of th e  aux in  d is so lv e d  in  th e  e th e r ,  

which in  tu rn  was d isp e rse d  th roughout th e  aqueous phase . T h e re fo re , i t  

i s  l i k e ly  th a t  th e  v a lu es  o f aux in  a c t i v i t y  f o r  th e se  samples should  be 

re v ised  upward. A more s a t i s f a c to r y  com bination was 4 .0  m l. o f w ater 

(tw icb  th e  w eight o f  th e  endosperm) and 10 o r  50 m l. o f e th e r  (sam ples 

3 and 9 ) .  E x tra c tio n s  w ith  th e se  com binations o f  so lv e n ts  gave th e  

h ig h est y ie ld  o f  aux in , h ig h e r than  w ith  w a te r a lone  (sam ples 3 , 4 , 5 ) , 

!and_m uch_higher_than_the_neglig ible_am ount-extracted_w ith-diy—e th e r --------
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âïône (sam ples 1 ahd 2 ) . I t  must be no ted  here  th a t  a g i ta t io n  was p e r -  

formed upon a l l  samples and Erlenm eyer f la s k s  no sm a lle r th a n  100 ml. 

were used as e x tra c t io n  v e s s e ls .  This a ffo rd ed  a co n stan t m ixing of 

e th e r  and w ater th roughou t th e  e x tra c tio n  p e rio d . A ddition  o f more 

e th e r  had a s l i g h t  e f f e c t  a t  1° C. and e s s e n t ia l ly  none a t  22° G. (sam­

p le  9 ) . I t  would appear th en  th a t  w ith  d ry  t i s s u e  th e  w ater volume i s  

indeed l im i t in g .  One can e x tr a c t  a  sm all amount o f  t i s s u e  w ith  a  g re a t 

volume o f  w ater o r one can e x tr a c t  w ith  a sm all amount o f w ater and a 

L i t t l e  e th e r .  The w ater s t i l l  presum ably does th e  e x tra c tin g  and auxin 

i s  m erely p a r t i t io n e d  in to  th e  e th e r .  The. e th e r  i s  in t im a te ly  mixed w ith  

the  w a te r by a g i ta t io n  and th u s  "c lean s"  th e  w ater o f aux in . This i s ,  in  

e f f e c t ,  e x tr a c t in g  w ith  v i r t u a l l y  an u n lim ited  amount of w a te r .

F u r th e r evidence th a t  ten d s  to  co rro b o ra te  t h i s  conclusion  has 

been com piled (Table 4 ) .  A g ita tio n  o f  th e  e x tr a c t io n  f la s k  d id  n o t in ­

c rease  th e  y ie ld  o f auxin  Wien w ater was used alone as  th e  e x tr a c ta n t .  

However, a g i ta t io n  d e f in i t e ly  d id  in c re a se  th e  y ie ld  o f auxin  when e th e r  

and w ater were th e  e x tra c ta n ts  (sam ples 1 and 2 ) . W ithout a g i ta t io n  

about th e  same amount o f auxin was o b ta in ed  as  w ith  t h a t  q u a n tity  o f 

w ater a lo n e . That an in c re a se  in  y ie ld  was th e  r e s u l t  o f a g i ta t io n ,  and 

not in c re a se d  a e ra t io n  brought about by th e  a g i ta t io n ,  was borne ou t by 

sample 3 in  which th e re  was no in c re a se  in  y ie ld  when a 0.055^ so lu t io n  o f 

methylene b lu e , a hydrogen a c c e p to r , was employed in  th e  unshaken f la s k .  

Furtherm ore, t h i s  was in d ic a te d  in  a more d i r e c t  approach in  samples 4 

and 5» In  th e se  samples th e  t i s s u e  and e x tr a c ta n ts  were p laced  in  a 

28 X  112 mm. v i a l  and in  sample k ,  a s t i r r e r  was in s e r te d  w ith  th e  b lad es  

at_jihe_lnte.rfa.cje_ofJbji^aque_ous_endosp_erm=.eth.en_layer.. The_shaft_of_the.
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TABLE 4

THE EFFECT OF AGITATION, AERATION, AND CONTAINER SIZE UPON 
; ETHER SOLUBLE AUXIN YIELD IN ONE HOUR EXTRACTIONS OF MAIZE 

ENDOSPERM AT 1° C. ACTIVITY EXPRESSED AS MICROGRAM 
EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

P a rt Sam­
p le

Water
(m l.)

E th er
(m l.)

A g ita tio n
Treatm ent C on ta iner Hg. eq. 

lAA

No. o f  
Extrac­
t io n s

A • 1 4 10 Shaken 50 m l. 
Erlenm eyer

1900 7

(A g ita ­
t io n
and
Aera­
t io n )

2

3

4

4

4^

10

10

10

25

Unshaken

Unshaken

S t i r r e d

50 ml. 
Erlenm eyer

50 m l. 
Erlenm eyer

28 X  112 
ram. V ia l

1 0 5 0

1000

1850

1

1

1

5 10 25 U n stirre d 28 X  112 
mm. V ia l

450 1

B 6 4 10 Shaken 30 m l. 
B o ttle

< 250 2

(Con-
ta in e i
S ize )

7

8

4

4

10

25

S t i r r e d

Shaken

28 X  112 
mm. V ia l

30 m l. 
B o ttle

1900

<250

1

1

9 4 25 Shaken 50 m l. 
Erlenm eyer

7 0 0 * * 2

10 4 25 Shaken 1000 ml. 
Erlenm eyer

2000 1

11 4 25 S t i r r e d 28 X 112
mm. V ia l

2150 1

12 4 50 S t i r r e d 100 m l. 
Erlenm eyer

2100 2

Four m i l l i l i t e r s  o f  0 .05^  m ethylene b lu e  s o lu t io n .
^  Comparable e x tr a c ts  made a t  22° C. showed a  s im i la r  low  y ie ld  under 

th e se  e x tra c t io n  c o n d itio n s .
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s t i r r e r  was covered to  a  d ep th  o f ^ - 6  cm. w ith  e th e r ,  th u s  a ffo rd in g  r e l -  

a t iv e ly  anaerobic c o n d itio n s  f o r  th e  endosperm in  b o th  c a se s . A h igh  

y ie ld  was o b ta in ed  in  th e  s t i r r e d  v i a l  (sample 4) and a low y ie ld  in  th e  

s im ila r  u n s t i r r e d  v ia l  (sample 5 ).

O ther evidence in d ic a te d  t h a t  even though th e  volume o f w ater 

knd e th e r  was s u i ta b le  f o r  e x tr a c t io n  o f  th e  endosperm, and even though 

bhe e x tra c t io n  f la s k  was a g i ta te d ,  one must use  a la rg e  enough f la s k  to  

ensure adequate m ixing o f th e  e th e r  and w a te r . This was d iscovered  when 

i t  was observed th a t  th e  y ie ld  o f  aux in  w ith  4 m l. o f w ater and 25 ml. oi' 

s th e r  was low er th a n  w ith  4 m l. o f w a te r and 10 o r  50 m l. o f e th e r  (Table; 

!*.). This ap p aren t anomaly was ex p la in ed  by f u r th e r  experim ents which 

showed t h a t  in  c o n ta in e rs  to o  sm all f o r  a g i ta t io n  to  r e s u l t  in  e f f e c t iv e  

n ix ing  of th e  e th e r  and aqueous p hase , th e re  was a  decrease  in  auxin 

y ie ld .  In  samples 1 and 9^ a  50 m l. Erlenm eyer f la s k  was th e  e x tra c t io n  

v e sse l. Adequate m ixing occurred  o n ly  in  sample 1 w ith  th e  l e s s e r  v o l­

ume. The 29 m l. o f l iq u id  o f sample 9 f i l l e d  th e  f l a s k  so t h a t  adequate 

n ix ing  d id  n o t occur during  a g i ta t io n .  This problem d id  n o t a r i s e  w ith  

sample 12 because th e  l a r g e r  i n i t i a l  volume had a lre a d y  re q u ire d  a largeij* 

e x tra c t io n  v e s s e l. A fte r  making t h i s  o b se rv a tio n , t e s t s  were run  w ith  

d if f e r e n t  c o n ta in e rs  ( a l l  o f which were a g i ta te d )  and th e  r e s u l t s  con­

firm ed th e  h y p o th e s is . With a 30 m l. b o t t l e  (sam ples 6 and 8) a  n e g l i ­

g ib le  aux in  y ie ld  was o b ta in ed . Though th e  b o t t l e  was shaken during  th e  

a g i ta t io n ,  th e  endosperm packed down in to  th e  bottom  and p ro p e r m ixing 

could n o t occur. P lac in g  th e  endosperm in  a  long v i a l  was s a t i s f a c to r y ,  

however, i f  adequate (an aero b ic ) s t i r r i n g  was c a r r ie d  ou t (sam ples 7 and

s hape .̂ i f  proper l y- agi t at ed , a re____
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s a t i s f a c to r y  e x tra c t io n  v e s s e ls .

In  an o th er ty p e  o f experim ent in  which th e  volume o f e th e r  was 

v a r ie d , e x tra c t io n s  were s e t  up w ith  th e  s tan d a rd  techn ique  (see  M ateri­

a l s  and M ethods), excep t e th e r  changes and r in s in g s  were perform ed every 

10 m inutes in s te a d  o f  every h o u r, th u s  g iv in g  s ix  changes and s ix  r in s e s  

each hour. This tre a tm e n t r e s u l te d  in  no ap p rec iab le  in c re a se  in  auxin 

y ie ld  a t  22° C. and on ly  a  s l i g h t  in c rease  a t  1° C. over th e  s tan d a rd  

procedure (Table 5 ) . This tech n iq u e  i s  e s s e n t ia l ly  th e  same as e x t r a c t ­

in g  w ith  more e th e r  i n i t i a l l y  ( e .g .  50 m l.)  and compares fa v o ra b ly  w ith  

th e  va lue  o b ta in ed  when 50 m l. were used . There would seem to  be no 

g re a t  advantage in  changing th e  so lv en t re p e a te d ly  as long  as o th e r  a s— 

p e c ts  o f th e  s tan d a rd  p rocedure  a re  observed .

As tra p p in g  o f th e  aux in  in to  e th e r  from w ater in v o lv es  i t s  

p a r t i t io n in g  between two im m iscib le  s o lv e n ts , experim ents were i n i t i a t e d  

to  determ ine th e  e f fe c t iv e n e s s  o f th e  s tan d a rd  r in s in g  procedure in  r e ­

moving th e  rem aining f re e  aux in  from th e  w a ter upon c e s sa tio n  o f e x tra c ­

t io n .  Using s tan d a rd  e x tra c tio n  tech n iq u es  a t  22° C. w ith  th re e  p a r a l l e l  

sam ples, 3300 jig . e q u iv a len ts  o f  auxin  p e r k ilogram  o f  t i s s u e  were ob­

ta in e d  f o r  th e  r in s e d  sample and about 15% le s s  (2800 fig. e q u iv a le n ts )  

f o r  each o f th e  two u n rin sed  sam ples. In  one o f th e  u n rin sed  sam ples, 

a f t e r  th e  e th e r  was poured o f f ,  th e  rem aining aqueous endosperm was cen­

t r i f u g e d  and th e  c e n tr ifu g a te  shaken ou t w ith  tw ice  i t s  volume o f e th e r  

f o r  4 , 3 , and 2 m inutes in  a s e p a ra te ly  fu n n e l. This more thorough 

r in s in g  tre a tm e n t y ie ld e d  o n ly  an a d d it io n a l  550 fig. e q u iv a le n ts , g iv in g  

a t o t a l  o f 3350 jug. e q u iv a le n ts . Thus, th e  s tan d a rd  r in s in g  procedure  

appeared  to  remove most o f th e  auxin from th e  w a ter. In  th e s e  experiments
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TABLE 5

COMPARISON OF A SINGLE CHANGE OF SOLVENT AND SIX CHANGES OF SOLVENT 
DURING ONE HOUR UPON ETHER SOLUBLE AUXIN YIELD IN MAIZE ENDOSPERM. 

ACTIVITY EXPRESSED IN MICROGRAM EQUIVALENTS OF 
lAA PER KILOGRAM OF TISSUE

E x tra c ta n ts 22° C. 1° C.

W ater
(m l.)

E th er
(m l.)

R insing  Treatm ent jUg. eq. 
lAA

No. o f  
E x trac­

t io n s
Jig. eq . 

lAA

No, o f  
E x trac ­

t io n s

4 10 3 x 2  m l. E ther 3300 5 1900 7

4 50 3 x 2  m l. E ther 3350 1 2100 2

4 10 (x6) 3 x 2  ml. E ther(x6 ) 3400 1 2200 1
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th e  p a r t i t i o n  c o e f f ic ie n t  o f  au x in  between e th e r  and w a ter a t  th e  n a tu ra l. 

pH appeared t o  be abou t 0 .8 $ .

2 . E x tra c tio n s  o f  many hours d u ra tio n . Prolonged ex­

t r a c t io n s  o f  m aize endosperm, and b io a ssay s  o f  aux in  o b ta in ed  th e re b y , 

were c a r r ie d  ou t n e x t. In  p re lim in a ry  experim ents employing no r in s in g ,  

th e  amounts o f endosperm and so lv e n t were v a r ie d  (Table 6 ) .  At bo th  

tem p era tu res  i t  was ap p aren t t h a t  th e  r e le a s e  o f auxin  was c o n sid e ra b ly  

a c c e le ra te d  by an in c re a s e  in  th e  r a t i o  o f  so lv en t volume to  endosperm.

In  s e r ie s  1 th e  use o f  aqueous e th e r  on d ry  t i s s u e  was s im ila r  to  th e  

e x tra c t io n  o f  d ry  Lemna powder perform ed by Thimann and Skoog (5 7 ). In  

both  cases a  b u r s t  o f aux in  re le a s e  fo llow ed  a  f r e s h  a p p l ic a t io n  o f 

aqueous e th e r .  Thus, th e  t i s s u e  appeared to  be respond ing  to  added 

w ater, n o t e th e r .

Di s e r ie s  2 a t  22° C. and th e  p a r a l l e l  tech n iq u e  a t  1° C.

( s e r ie s  4 ) ,  a l a r g e r  amount o f  aux in  was e x tra c te d  th e  second hour th an  

bhe f i r s t .  During th e se  f i r s t  two hours th e  y ie ld  was g r e a te r  a t  22° C. 

than  a t  1° C. However, a f t e r  t h a t  th e  y ie ld  was g r e a te r  a t  1° C. This 

d if fe re n c e  in  auxin  y ie ld  a t  th e  two tem p e ra tu res  may re p re se n t a s tea d y  

con-enzym atic r e le a s e  which i s  n o t as g re a t  a t  22° C. sim ply  because mor^ 

3f th e  source was expended th e  f i r s t  hours o f e x t r a c t io n .  I t  m ight a ls o  

in d ic a te  a r a th e r  slow  enzym atic d e s tru c t io n  o f  lAA a t  22° C. F u r th e r  

r e s u l t s  e s ta b l is h e d  th a t  th e  l a t t e r  p ro cess  was a t  l e a s t  p a r t i a l l y  r e ­

sp o n sib le  f o r  th e  d if fe re n c e  in  y ie ld .

In  s e r ie s  3 and 5 (T able 6) e x tr a c t io n  o f  auxin  seemed s a t i s ­

fa c to ry  and th e  p rocedure  (tw ice  th e  t i s s u e  w eight in  w a ter p lu s  a  sm all



TABLE 6

COMPARISON OF ETHER SOLUBLE AUXIN YIELDS IN EXTRACTIONS WITH VARYING AMOUNTS OF 
MAIZE ENDOSPERM AND WITH NO RINSING EI'IPLOYED. ACTIVITY EXPRESSED IN MICROGRAM 

EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

S e rie s 1 S e rie s  2 S e rie s 3 S e rie s  4 S e rie s 5
10 gm s..
No W ater 

15 m l. E th e r -
220 c .

10 gm s.,
10 ml. Water 
15 m l. E th er -  

220 c .

S tandard -  
220 C.

10 gms.,
10 m l. Water 
15 m l. E th er -  

1° C.

S tandard  -  
1° C.

Hours W;. eq. lAA Jig. eq . lAA Âig. eq. lAA Jig. eq . lAA Jiig. eq. lAA
Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
n ing
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
ning
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
In te rv a l

Run­
n ing
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a ted  

Time 
I n te r v a l

Run­
ning
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
In te rv a l

Run­
n ing
T o ta l

0 -  1 125 125 800 800 2775 2775 223 223 1750 1750

1 -  2 125 250 1100 1900 873 3630 475 700 723 2475

2 -  3 175 425 3 0 0 . 2200 475 4123 400 1100 450 2923

3-24 650 1075 500 2700 623 4750 650 1730 923 3830

72-96 550 1625 623 3323 830 2600
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âî~both  te m p e ra tu re s , th e  y ie ld  went down m arkedly each hour; and a^aiZ  

bhere was a much l a r g e r  y ie ld  in  th e  3-21 hour p e rio d  a t  1° C.

A fte r  th e  s tan d a rd  e x tra c t io n  procedure was s e le c te d ,  a s tan d a rd  

r in s in g  tech n iq u e  was developed, and th e se  two s tan d a rd  procedures were 

used f o r  a number o f  e x tra c t io n s  a t  22° C. (T able 7) and a t  1° C. (Table 

3 ).

S e rie s  6 and 7 (Table 7) were com pletely  comparable except t h a t  

th re e  so lv en t changes were om itted  from s e r ie s  7* S e rie s  6 , w ith  th e  

more freq u en t so lv e n t changes, had a s l i g h t l y  h ig h e r auxin y ie ld ,  prob­

ab ly  th e  r e s u l t  o f  d ecreased  auxin d e s tru c t io n .

In  s e r ie s  8 th e  w ater had been a d ju s te d  to  pH 2 .8  w ith  HCl and

[fa2C0^ in  an e f f o r t  to  d e te m in g  i f  a c id i f ic a t io n  r e s u l t s  in  a more ra p id  

re le a se  o f  au x in . This was n o t th e  case and th e  t o t a l  amount was some­

what l e s s  th a n  w ith  th e  o rd in a ry  e x tra c t io n  p rocedure.

The p o s s ib i l i t y  rem ained th a t  th e  la rg e  surge o f  auxin which was 

o b ta ined  in  th e  f i r s t  few hours was th e  r e s u l t  o f  th e  presence o f some 

d e te rg e n t- l ik e  substance which was a lso  e x tra c te d  du rin g  th a t  tim e . Af­

t e r  i t s  rem oval, th e  y ie ld  o f auxin would th e n  d im in ish . T h ere fo re , an 

e x tra c tio n  ( s e r ie s  9) was perform ed in  which e th e r  o f th e  n o n -a c id ic  

f r a c t io n  (see  I d e n t i f i c a t io n  of Auxin) o f p rev ious e x tra c t io n s  was used 

as th e  s o lv e n t . This e th e r  would presum ably co n ta in  th e  d e te rg e n t, i f  

any, from th e  p rev io u s  e x tra c t io n .  Before use i t  was dem onstrated  th a t

th is  non-acidd.c f r a c t io n  possessed  no a c t i v i t y  o f  i t s  own. There was

found to  be no advantage in  u s in g  t h i s  type o f e th e r .  In  f a c t ,  th e  yield 

in  s e r ie s  9 was s l i g h t ly  low er th a n  in  s e r ie s  6 and 7 (Table 7)* This 

d i f f e r e n c e ^ - if - r e a l ,_ w a s - l ik e ly -a - r e .s u l t—o f-in creased -em ulsion -fo rm ation -i



TABLE 7

COMPARISON OF ETHER SOLUBLE AUXIN YIELDS IN MAIZE ENDOSPERM IN STANDARD PROCEDURE 
EXTRACTIONS AT 22° C. ACTIVITY EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

Hours

S e r ie s  6 S e r ie s  7 S e rie s 8 S e rie s 9 S e rie s 10
MR. eq. lAA Mg eq. lAA J i g .  eq. lAA M g . eq. lAA M g .  eq. lAA

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
n ing
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
n ing
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
n ing
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
I n te r v a l

Run­
ning
T o ta l

Amount Ex­
t r a c te d  in  
In d ic a te d  

Time 
In te rv a l

Run­
ning
T o ta l

0 -  1 3300 3300 3200 3200 3200 3200 3200 3200

1 -  2 1100 4400 1100 4300 700 3900 750 3950

2 -  3 550 4950 475 4775 300 4200 400 4350

3 -  4 350 5300 3CX) 5075 150 4350 25 0 4600

4 -  6 275 5575 125 4475

6 - 8 150 5725 75 4550

8-10 100 5825 7 50 4600

10-12 50 5875 325 5400 25 4625
V 7 V V

12-24 575 5175 4475 4475

24-432 475 5650



27
causedT ty u s in g  e th e r  s a tu r a te d  vô.th f a t t y  su b stan ces . T h is in c re a se d  

em ulsion fo im ation  gaye p o o re r s e p a ra tio n  between aqueous and e th e r  

p h ases , th e re b y  le a v in g  more aux in  in  th e  e x tra c tio n  v e s s e l .  T h ere fo re , 

th e  use o f n o n -a c id ic  f r a c t io n  e th e r  as  an e x tr a c ta n t  was subsequen tly  

abandoned.

In  a  24 hour p e rio d  w ith  o n ly  a s in g le  so lv en t change th e  y ie ld  

was 1000-1500 ug , le s s  th an  w ith  freq u en t changes i n  12 hours ( s e r ie s  10, 

Table 7)» One must a t t r i b u t e  t h i s  decreased y ie ld  o f  aux in  to  in c re a se d  

d e s tru c t io n  o r  to  th e  f a c t  t h a t  th e  volume o f th e  so lv en t l im i t s  e x tra c ­

t i o n ,  P re v io u s ly , a number o f  changes in  a g iven  one-hour p e rio d  was 

shown to  be only  s l i g h t ly  b e t t e r  in  e x t r a c t in g  auxin  th an  a  s in g le  change 

as long  as th e  i n i t i a l  q u a n t i ty  o f so lv en t was s u f f i c i e n t  (Table 5)* 

T h e re fo re , th e  lo s s  in  y ie ld  i s  perhaps b e t t e r  a t t r ib u ta b le  to  aux in  de­

s t r u c t io n .

In  s e r ie s  11 to  14 (T able 8) a com parison of y ie ld s  in  s tan d a rd  

tech n iq u e  e x tra c t io n s  was c a r r ie d  o u t. A fte r th e  t h i r d  hour th e re  was a 

uniform  r a te  o f aux in  r e le a s e  in  s e r ie s  11. The t o t a l  q u a n t i ty  was s t i l l  

l e s s ,  a t  any given tim e , th an  t h a t  e x tra c te d  under p o s s ib le  d e s tru c tio n  

c o n d itio n s  a t  22° C. S e r ie s  13 and 14 showed alm ost th e  same amount o f 

au x in , even though s e r ie s  13 had f iv e  e th e r  changes to  o n ly  one in  s e r ­

ie s  14. C le a r ly , th e  number o f  e th e r  changes i s  im m ate ria l a t  1° C=

One may a ls o  assume t h i s  to  be t r u e  a t  22° C. In  t h a t  ev en t, th e  lo s s e s  

which were m an ife sted  w ith  o n ly  a  s in g le  change o f e th e r  a t  22° C,

( s e r ie s  10 , Table 7) must have been th e  r e s u l t  o f auxin d e s tru c t io n .

E x tra c tio n s  were con tinued  in  two case s  f o r  an 18 day p e rio d  a t  

222_&,_(a@rieg_9.,_J^lgJ?L)_and_atJL2_G.,



TABLE 8

COMPARISON OF ETHER SOLUBLE AUXIN YIELDS IN MAIZE ENDOSPERM IN STANDARD PROCEDURE 
EXTRACTIONS AT 1° C. ACTIVITY EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM CF TISSUE

S erie s 11 S e r ie s  12 S e rie s  13 S e r ie s  14
JiS. eq. lAA Jig. eq . lAA Jig. eq. lAA Jig. eq. lAA

Amount Ex­ Amount Ex­ Amount Ex­ Amount Ex­
Hours t r a c te d  in  

In d ic a te d  
Time

H,Tinning 
T o ta l

t r a c te d  in  
In d ic a te d  

Time

Running
T o ta l

t r a c te d  in  
In d ic a ted  

Time

Running
T o ta l

t r a c te d  in  
In d ic a te d  

Time

Running
T o ta l

In te rv a l In te rv a l In te rv a l I n te rv a l

0 -  1 1700 1700 1950 1950 1700 1700

1 -  2 575 2275 650 2600 625 2325

2 - 3 300 2575 450 3050 350 2675

3 -  k 225 2800 250 3300 3f)0 3025

4 -  6 225 3025

6 - 8 225 3250
1 7 7 7

8—24 775 3800 3925 3925

24-432 650 4450
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l a s t  1? days ol‘ th e  e x tr a c t io n  th e re  was s l i g h t l y  more aux in  re le a s e d  a t  

1° C, th an  a t  22° C. The t o t a l  amount was s t i l l  co n s id e ra b ly  g r e a te r  a t  

22° C.

Prolonged e x tra c t io n s  were n ex t perform ed a t  b o th  tem p era tu res  

’tfith w ater as th e  on ly  so lv en t (Table 9 ) .  In  a d d i t io n ,  s e r ie s  15, 16, 

and 17 had 100 p .p .m . o f Na-DEDT added. I t  was f i r s t  shown th a t  th e  ad­

d i t io n  o f  Na-DEDT in  t h i s  c o n c e n tra tio n  t o  th e  ag ar t e s t  b lo ck  d id  n o t 

in f lu e n c e  th e  r e s u l t in g  degrees cu rv a tu re  caused by s y n th e t ic  lAA in  th e  

Avena cu rv a tu re  t e s t  (Table l ) .  A s tro n g e r  c o n ce n tra tio n  of 10,000 p .p.m .

r e s u l te d  i n  com plete in h ib i t i o n  o f c u rv a tu re . T e rp s tra  (53) had recom­

mended a c o n ce n tra tio n  o f 100 p .p .m . fo llo w in g  th e  su g g es tio n  by Wagen- 

cnecht and B u rris  (62) th a t  Na-DEDT in a c t iv a te d  th e  lAA ox idase  enzyme 

complex re sp o n s ib le  fo r  lAA d e s tru c t io n .  Na-DEDT has r e c e n t ly  been shown 

to  have o th e r  in te r e s t in g  n o n -b io lo g ic a l p ro p e r t ie s  p o s s ib ly  o f  s i g n i f i ­

cance in  Avena b io a ssa y s . A re c en t r e p o r t  from M allin ck ro d t Chemical 

^forks (1) s ta te d  th a t  Na-DEDT p o sse sse s  th e  a b i l i t y  to  i n h ib i t  e f fe c ­

t i v e l y  bo th  aldehyde and perox ide  fo rm ation  in  d ie th y l  e th e r .  A concen­

t r a t i o n  o f only  0 .0 5  p .p .m . i s  s u f f i c i e n t  t o  p rev en t fo rm ation  o f th e se  

:im p u r itie s . S ince e th e r  p e ro x id es  a re  known to  in t e r f e r e  w ith  th e  Avena 

t e s t  (4 8 ), t h i s  may be a f  im portance in  p rev en tin g  perox ide  fo rm atio n  in  

th e  fu tu r e .

At 22° G. in  w ater e x tra c t io n  ( s e r ie s  15-18 , Table 9) th e re  were 

th re e  ranges o f  aux in  y ie ld s .  The most aux in  came from th e  s e r ie s  w ith  

th e  most f req u e n t w ater changes ( s e r ie s  1 5 ). One m ight have su sp ec ted  

t h i s  s in ce  i t  had a lre a d y  been shown (Table 3) th a t  th e  volume o f w ater 

: L im lt^ -aux itu  jieLd_whcxuas_ed_alQne-. In__aeries_15_,



TABLE 9
COMPARISON OF ETHER SOLUBLE AUXIN IN MAIZE ENDOSPERM EXTRACTIONS WITH 25 ML. OF WATER AS 

THE EXTRACTANT. ACTIVITY EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

S e rie s  16 -  
22°C. 100 ppm 

Na-DEDT

jours

S e r ie s  15 -  
22°C. 100 ppm 

Na-DEDT
eg

Amount 
E x trac­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

lAA

Run­
n ing
T o ta l

■Ug. eg . lAA
Amount 
E x trac ­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

Run­
ning
T o ta l

S e rie s  1? -  
22°C. 100 ppm 

Na-DEDT
jog, eg. lAA

Amount 
E x trac­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

Run­
ning
T o ta l

S e rie s  18 -  
2200 .*

J i g ,  eq. lAA
Amount 
E x trac ­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

Run­
n in g
T o ta l

S e rie s  19 -  
IOC.

jug, eq. lAA
Amount 
E x trac­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

Run­
ning
T o ta l

S e rie s  20 -  
IOC.

jgg. eg . lAA
Amount 
E x trac ­
te d  in  
In d i­
ca ted  
Time 
I n te r ­
v a l

Run­
ning
T o ta l

Vj Jo

0 -  1 2300 2300

1 -  2 850 3150

2 - 3 300 3450

3-24 500 3950
V

2825
V

2825
V

2800
V

2800
V

1700
V

1700

1500 1500

900 2400

625 3025

275 3300
V

1825
V

1825

■a- E x tra c tio n  f la s k s  a re  100 m l, Erlenm eyer F la sk s . A ll o th e rs  a re  50 cc . c e n tr ifu g e  tu b e s .
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Dut w ith  lüD ml. o f w ater as  compared w ith  on ly  23» ml. in  th e  l a t e r  s e r -  

ie s .

The y ie ld s  o f  s e r ie s  l6  and 17 were e s s e n t ia l ly  equal to  each 

Dther and b o th  were low er th an  t l ia t  of s e r ie s  15 . S e rie s  l6  and 17 had 

s im ila r  tre a tm en t excep t fo r  d i f f e r e n t  s iz e s  o f c o n ta in e rs . However, in  

a s in g le  so lv en t e x tra c t io n  th e  c o n ta in e r  s iz e  p layed  no r o le ,  a t  l e a s t  

as long  as a g i ta t io n  was s u f f ic ie n t  to  wet th e  endosperm tho rough ly . 

Omission o f Na-DEDT ( s e r ie s  18) r e s u l te d  in  a  much low er a c t i v i t y ;  and, 

th u s , i t  appears t h a t  Na-DEDT does i n h ib i t  aux in  d e s tru c t io n .

At 1° C. ( s e r ie s  19 and 20) a g r e a te r  frequency  o f changes l i k e ­

wise re s u l te d  in  g r e a te r  auxin  y ie ld s .  Y ie lds a t  1° C. were low er th an  

a t  22° C ., however.

Form ation o f  Auxin. E x tensive  work on th e  auxin  o f  maize endo­

sperm has been done p r io r  to  th e  p re se n t work. Avery e t  a l .  (2 , 4) 

id iile  in v e s t ig a t in g  th e  use o f  v a rio u s  so lv e n ts  f o r  e x tra c t in g  auxin 

from dormant maize endosperm found th a t  su ccessiv e  w ater e x tra c t io n s  o f  

t i s s u e  removed on ly  10% o f th e  a v a ila b le  aux in  from th e  k e rn e l. ' The r e ­

mainder e x is t s  in  a  form which re q u ire s  a lk a l in e  h y d ro ly s is  to  re le a s e  

i t .  They found as much a s  105,000 /ig . o f lAA p e r k ilogram  of t i s s u e  up­

on a lk a l in e  h y d ro ly s is . B erger and Avery (8 , 9) continued  work on th e  

auxin  o f dormant m aize, and o b ta in ed  what th e y  term ed an auxin p re c u rso r  

from which lAA could  be re le a s e d  upon a lk a l in e  h y d ro ly s is . This p recu r­

so r  was though t to  be p ro te in  in  n a tu re  and to  have a  m olecu lar w eight o f 

about 11,000.

The r e s u l t s  o f S te h se l (49) were somewhat a t  v a rian ce  w ith  B er- 

gen_and_Av8ryls_jDharacjierizLation_and_jntarpiiet^ation_af_th@_auxi
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p recu rso r, ü te h s e l  concurred  in  th e  r e l a t i v e  amount o f th e  su b stan ce ,

3ut p re fe r re d  to  c a l l  i t  an auxin  complex, n o t an aux in  p re c u rso r . His 

o n to g en etic  s tu d y  s tro n g ly  supported  h is  co n ten tio n  t h a t  th e  aux in  com­

p lex  i s  sy n th es ized  d i r e c t ly  from try p to p h an e . His experim ents e s ta b ­

l is h e d  th e  p resence  o f an enzyme capab le  o f co n v ertin g  tryp tophane  to  

aux in . M oreover, th e  a c t i v i t y  o f  t h i s  enzyme was d i r e c t l y  c o r re la te d  

w ith th e  fo im a tio n  o f " f re e "  auxin and auxiii complex. I f  th e  auxin  com­

plex were an in te rm e d ia te  between try p to p h an e  and e th e r  so lu b le  au x in , 

then i t  shou ld  be converted  by enzym atic a c tio n  to  f r e e  au x in . Yet th e  

auxin complex p e r se was in a c t iv e  in  p h y s io lo g ic a l t e s t s ,  and even in  th e  

presence of th e  p ro p e r enzymes i t  was a p p a ren tly  u n a ffe c te d . S te h s e l , 

th e re fo re , concluded th a t  th e  auxin  complex was n o t a  p re c u rso r  o f  lAA, 

bu t a  p o s tc u r so r . Yamaki and Nakamura (72) reached somewhat th e  same 

co n clu sio n , and regarded  th e  auxin  complex to  be o f  l i t t l e  p h y s io lo g ic a l 

Im portance in  th e  p la n t .

I t  i s  u n l ik e ly  th a t  aux in  y ie ld s  in  th e  p re s e n t  work were in ­

volved w ith  th e  aux in  complex, a lthough  th e  aux in  o b ta in ed  could s c a rc e ly  

be c a l le d  " fre e "  aux in . The auxin  in  maize endosperm seems to  e x i s t  in  

th re e  s t a t e s :  (a ) a  very  sm all p o r t io n  which i s  r e a d i ly  e x tra c ta b le  and

perhaps e x i s t s  in  a f r e e  s t a t e ,  (b) a  l a r g e r  p o r tio n  which i s  bound in  

some way and can be f re e d  on ly  i f  enough tim e i s  a llow ed f o r  e x t r a c t io n ,  

and (c ) th e  rem ainder, auxin complex, which can be re le a s e d  on ly  upon 

d r a s t ic  h y d ro ly s is . Types (a ) and (b) a re  im possib le  to  d is t in g u is h  in  

th is  s tu d y  excep t t h a t  type (b) re q u ire s  a lo n g e r  e x tra c t io n  tim e .

Types (a ) and (b) to g e th e r  a re  r e a d i ly  d is t in g u is h a b le  from ty p e  ( c ) .  

Experim ents a t  two tem p era tu res  a re  p re se n te d  in  Table 10 which exemplify
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TABT.E 10

ETHER SOLUBLE, HYDROLYZABLE, AI® TOTAL AlKIN PRESENT 
IN ONE HOUR AQUEOUS MAIZE ENDOSPERM EKTRACT. YIELDS OF 
ETHER SOLUBLE AUXIN EXPRESSED AS MICROGRAM EQUIVALENTS 

OF lAA PER KILOGRAM OF TISSUE

F ra c tio n s
o f

Aqueous
E x tra c t

Treatm ent S e rie s  21 -  1°C. 
J i g .  eq . lAA

S e rie s  22 -  22°G. 
J i g .  eq . lAA

S e rie s  23 -  22°C. 
J i g .  eq. lAA

Sample A

F i r s t  hy­
drolyzed,* 

then  
shaken 
w ith  

e th e r

6800 9400 11,300

Sample B

F i r s t
shaken
w ith
e th e r

Then hy- 
d ro ly zed ,i 
and shaken 

w ith  
e th e r

1350

5200

1700

7500

2 ,000

9,400

T o ta l in  
Sample B 6550 9200 11,400

A ll hyd ro lyses used pH 9 .6  b o ra te  b u f f e r ,  100° C. f o r  15 m inu tes.
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t h i s .  In  each s e r ie s  a  one hour aqueous e x tr a c t  was made. The f i r s t  o f 

two samples was im m ediately hydrolyzed and assayed (A sam ples). The 

second sample was f i r s t  p a iiiitio n e d  w ith  e th e r ,  th en  hydrolyzed , and th e  

two p o rtio n s  assayed  s e p a ra te ly  (B sam ples). I t  can be seen th a t  th e  

t o t a l  auxin  fo r  sample B i s  approx im ately  th e  same as f o r  sample A. Ex­

t r a c t io n  a t  1° C. ( s e r ie s  21) r e s u l te d  in  a  low er t o t a l  y ie ld  o f  bo th  

aux in  and auxin complex f o r  th e  one hour p e r io d , bu t th e  p e r cen t o f 

e th e r  so lu b le  and hydro lyzab le  auxin remained about th e  same.

The f a c t  th a t  f r e e  auxin (tj 'p e  a ) o r  lo o s e ly  bound auxin  (type  

b) was n o t formed from auxin  complex (type  c) was e s ta b lis h e d  (Table 11). 

P o rtio n s  o f th e  aqueous e x tr a c t  o f s e r ie s  23, Table 10, w ith  th e  e th e r  

so lu b le  aux in  s t i l l  rem aining (sample A) and w ith  e th e r  so lu b le  auxin 

removed (sample B) were shaken w ith  tw ice  t h e i r  volume o f e th e r  f o r  24 

hou rs. In  sample A th e  i n i t i a l  e th e r  so lu b le  aux in  was soon e x tra c te d  

and no more was produced; in  sample B th e re  was no e th e r  so lu b le  auxin 

i n i t i a l l y  p re sen t o r  none produced. The t o t a l  auxin complex remained 

th e  same vAiether hydrolyzed im m ediately ( s e r ie s  23, Table 10) o r  hydro­

lyzed  a f t e r  rep ea ted  e th e r  e x tra c tio n s  (sam ples A and B, Table 1 1 ).

This confirm ed r e p o r ts  (9 , 49) reg a rd in g  th e  s t a b i l i t y  o f  th e  aux in  com­

p lex .

I d e n t i f i c a t io n  of Auxin. T ests fo r  n o n -ac id ic  growth re g u la tin g  

sub stan ces  were run  on th r e e  e x tra c tio n s  a t  22° C. and on one e x tr a c t io n  

a t  1° C. Although th e se  e x tra c tio n s  were o f  many (12-96) hours d u ra tio n  

no growth prom oting o r  in h ib i t in g  a c t i v i t y  was encountered  in  any o f  th e  

n o n -ac id ic  f r a c t io n s . Furtherm ore, in  a  s e r ie s  o f  one hour e x tra c tio n s  

the—same-amount—of-aati-vi-ty—w as-obtained—in-
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TABLE 11

THE EXTRACTION WITH ETHER OF PORTIONS OF THE AQUEOUS MAIZE ENDOSPERM 
EXTRACT FROM SERIES 23, TABLE 10. YIELDS OF ETHER SOLUBLE AUXIN 
EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

Hour
Sample A, 

a  Raw Aqueous E x tra c t
J ig ,  eq. lAA

Sample B, an Aqueous E x tra c t 
With E th e r Soluble Auxin 

Removed
J i g ,  eq. lAA

0-  1 
1-  2
2 - 3

3-24

Hydrolyzed 
A fte r 24 
Hours — 
Shaken With 
E ther

T o ta l

1,500

100
0

0

10,000

11,600

0
0
0
0

9,600

9,600
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th e  a c id ic  p lu s  n o n -a c id ic  f r a c t io n s ,  as was o b ta in ed  in  th e  crude ex­

t r a c t  (Table 1 2 ) . This s i tu a t io n  p re v a ile d  a t  b o th  te m p e ra tu re s , though 

th e  y ie ld  o f  a c id ic  aux in  was c o n s id e ra b ly  h ig h e r a t  22° C. than  a t  1° C. 

This s e r ie s  o f  experim ents dem onstrated  t h a t  th e  n o n -a c id ic  f r a c t io n  has 

no e f f e c t s  o f i t s  own and th a t  i t  does n o t a c t s y n e r g i s t i c a l ly  w ith  th e  

a c id ic  f r a c t io n  in  e i th e r  growth prom otion o r  growth in h ib i t io n .  Separ­

a t io n  o f most e x tr a c ts  in to  a c id ic  and n o n -ac id ic  components was th e r e ­

fo re  d isco n tin u ed , in  subsequent maize endosperm e x tr a c t io n s ,  th e  crude 

e x t r a c t  was assumed to  c o n s is t  e n t i r e ly  o f  a c id ic  au x in . O ther w orkers 

(72 ) have re p o rte d  n o n -a c id ic  aux in  in  abundance in  immature maize k e r­

n e ls ,  a lthough  c r i t ic i s m s  could  be le v ie d  a g a in s t t h e i r  id e n t i f i c a t i o n  

te ch n iq u es .

The e th e r  e x t r a c t  o f maize endosperm and th e  hydro lyzed  auxin 

complex were chrom atographed on Whatman No. 1 pap er w ith  w a te r as a  p a r­

t i t i o n  s o lv e n t .  The v a lue  o f th e  a c t iv e  p o r tio n  o f th e  chromatogram 

of each was determ ined  by b io lo g ic a l  t e s t s  to  be 0 .85 -0 .Ô 9 . In  a d d it io n  

a f a in t  p in k  sp o t on th e  pap er o ccu rred  a t  t h i s  same reg io n  upon sp ray ing  

each s t r i p  w ith  m odified  Salkowski re a g e n t. This co in c id ed  w ith  th e  

c o lo r and R^ value  o b ta in ed  w ith  pure lAA. Thus i t  appeared th a t  th e  

e th e r  so lu b le  aux in  and th e  hydrolyzed  aux in  complex a re  b o th  lAA. lAA 

had been p re v io u s ly  i s o la te d  from  maize endosperm (8 , 2 3 ).

No id e n t i f i c a t i o n  o f  th e  unhydrolyzed auxin  complex-was attem p­

te d .  S te h se l (49) re p o r te d  th a t  th e  aux in  complex m olecule was a c id ic  

and more p o la r  than  lAA, bu t gave th e  same a b so rp tio n  spectrum  in  S a l­

kowski re a g en t as lAA. The aux in  complex th u s  must c o n ta in  lAA o r an 

in d o le  r in g  in  i t s  s t r u c tu r e .  The -am ount-o f-lA A -ind ica ted  b y i- th e -c o lo r-
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TABLE 12

COMPARISON OF THE ACTIVITY OF THE ACIDIC AND NON-ACIDIC FRACTIONS 
OF AN EXTRACT, SEPARATE AND COMBINED, WITH THE CRUDE EXTRACT,

AT TWO TEMPERATURES IN A ONE-HOUR EXTRACTION OF MAIZE 
ENDOSPERM. ACTIVITY EXPRESSED AS MICROGRAM EQUIVALENTS 

OF lAA PER KILOGRAM OF TISSUE

F ra c tio n
S e rie s  1 -  22° C. 

Jig, eq. lAA
S e rie s  2 -  22° C. 

J i g ,  eq . lAA
S e rie s  3 -  1° C. 

J i g ,  eq . lAA

N on-acid ic

A cidic

A cid ic + 
N on-acidic

Crude e x tr a c t

0
3450

3450

3400

0

3250

3150

3200

0

1850

1900

1900
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re a c tio n  a f t e r  h y d ro ly s is , as compared w ith  th e  unhydrolyzed form was 

doubled. A pparently  an o th er in d o le  r in g  was formed o r unmasked from a 

complex m olecu lar c o n fig u ra tio n  such th a t  i t  met th e  requ irem en ts fo r  

co lo r fo rm ation . A te n ta t iv e  m olecu lar w eight o f l e s s  th an  500 u n i ts  

was e s ta b lis h e d  by d if fu s io n  experim ents (49)•

Pea In tem o d es  

E x tra c tio n  and Form ation o f Auxin.

1 . E x tra c tio n  Technique. I t  was now d e s ire d  to  em­

ploy th e  maize endosperm e x tra c t io n  procedure in  th e  s tu d y  o f th e  second 

phase o f t h i s  in v e s t ig a t io n ,  th e  fo rm ation  o f n o n -a c id ic  au x in s . F resh  

pea in te m o d e s  were chosen f o r  t h i s  s tu d y , b ecause , l ik e  maize endosperm, 

they  po ssess  bound aux in ; y e t ,  u n lik e  m ature maize endosperm, a t  tim es 

they y ie ld  a  n o n -a c id ic  auxin upon e x tra c t io n  (10, 3 1 ).

Extension  o f th e  e x tra c t io n  tech n iq u es  acq u ired  w ith  maize endo­

sperm in to  e x tra c t io n  of pea in te rn o d e s  b rought up a  new problem . Would 

a d d itio n a l w ater be re q u ire d  to  perform  th e  e x tra c t io n  o f f r e s h  t i s s u e ,  

o r i s  th e  w a ter in  the  p la n t s u f f ic ie n t?  S ince e t io la te d  pea in tem o d es 

lave a h igh w ater co n ten t th e  assum ption was made th a t  d ie th y l  e th e r  

alone would be as e f f e c t iv e  an e x tra c ta n t  as e th e r  p lu s  w a te r . Auxin 

should be p a r t i t io n e d  in to  th e  e th e r  from  th e  aqueous phase o f th e  t i s ­

sue. The h y p o th esis  proved to  be c o r r e c t .  A g ita tio n  o f th e  t i s s u e  had 

ao e f f e c t  upon the  y ie ld  w ith  on ly  aqueous e th e r  as th e  so lv e n t (sam ples 

1 and 2 , Table 1 3 ). Upon a g i ta t io n  w ith  added w ater (sample 3) p r a c t ic ­

a l ly  th e  same y ie ld  was o b ta in ed  as w ith  samples 1 and 2; much l e s s  auxir 

was o b ta in ed  w ith  added w ater and w ithou t a g i ta t io n  (sample 4 ) .  Presum­

a b ly  some of th e  auxin in  t h i s  sample remained in  th e  in c re a se d  aqueous
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TABLE 13

EXTRACTION OF ETIOLATED PEA INTERNODES WITH VARYING AMOUNTS 
OF SOLVENTS AND AGITATION TREATMENT FOR ONE HOUR AT 22° C. 

YIELDS OF ETHER SOLUBLE AUXIN EXPRESSED AS MICROGRAM 
EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

Sample Water
(m l.)

E th er
(m l.)

A g ita tio n
Treatm ent

J i g .  eq , lAA

1 0 20 Shaken 12 .5

2 0 20 Unshaken 12 .0

3 4 20 Shaken 12 .0

4 4 20 Unshaken 9 .0
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p hase . As a  r e s u l t  o f t h i s  experim ent 20 ml. of e th e r  a lone  were em- 

ployed in  a l l  e th e r  e x t r a c t io n s ; a g i ta t io n  o f th e  e x tra c t io n  v e s s e l was 

con tinued  even though i t  had no ap p aren t b e n e f ic ia l  e f f e c t s .

Pea e x tra c tio n s  o f many hours d u ra tio n  were c a r r ie d  ou t w ith  

e th e r  a t  22° C. (Table 14) and a t  1° C. (Table 15)and a t  bo th  tem pera­

tu r e s  w ith  w ater (Table l 6 ) .  In  a l l  cases e x tra c ts  were f r a c t io n a te d  

in to  a c id ic  and n o n -a c id ic  e th e r  so lu b le  components.

2. A cidic Auxin. With e th e r  as  th e  e x tr a c ta n t  a t  22° 

C. ( s e r ie s  1 , 2 , and 3j Table 14) i t  was apparent th a t  th e  l a r g e s t  po r­

t io n  o f th e  a c id ic  auxin  was removed th e  f i r s t  hour. During th e  second 

and t h i r d  hours th e  y ie ld  dropped to  about o n e -h a lf  th a t  o f th e  p reced­

in g  hour. Very l i t t l e  auxin  was o b ta in ed  during  th e  3-24 hour p e r io d .

In  s e r i e s . 4 in  which on ly  a s in g le  change was made th e re  was e s s e n t ia l ly  

no y ie ld  o f a c id ic  aux in . I t  th u s  appeared a t  t h i s  tem pera tu re  t h a t  th e  

auxin  y ie ld  was d im inished  when th e  e th e r  was no t changed p e r io d ic a l ly  

(sam ples 1 -4 ) .  The l ik e l ih o o d  of a  d im inished  auxin  y ie ld  a t  t h i s  tem­

p e ra tu re  was known from th e  l i t e r a t u r e  s in ce  th e  lAA oxidase  complex had 

f i r s t  been i s o la te d  from peas (51, 52, 6 2 ). A pparently  th e  reason  th a t  

th e  a c id ic  aux in  in  s e r ie s  1 , 2, and 3 was n o t destro y ed  by th e  lAA o x i­

dase complex was t h a t  i t  had been removed from c o n ta c t w ith  th e  t i s s u e  

and out o f  th e  sphere  o f  a c tio n  o f  th e  d estro y in g  enzymes, p robab ly  be­

fo re  very  much lAA had been d estro y ed .

In  s e r ie s  5, Na-DEDT (100 p .p .m .) was added to  th e  e x tra c tin g  

e th e r ,  and th e  p ro d u c tio n  o f a c id ic  auxin  was q u ite  d i f f e r e n t .  About 

th e  same amount was re le a se d  each o f th e  f i r s t  f iv e  h ou rs. The 5-24

.production--resu ltxng-in-a-m uch------



TABLE 14
EXTRACTION OF ETIOLATED PEA INTERNODES WITH ETHER AT 22° G. YIELDS OF ETHER SOLUBLE 

AUXIN EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

S e rie s  5 I S e rie s  6S e rie s  1 S e r ie s  2 S e rie s  3 S e rie s  4

Hours
Jig. eq . lAA J i g .  eq. lAA J i g .  eq . lAA J i g .  eq . lAA 100 p .p .m . Na-DEDT

J ig , eg. lAA J ig , eg . lAA

A cidic Non-
A cidic A cidic Non-

A cidic Acidic Non-
A cidic A cidic Non-

A cidic A cidic Non- 
Ac id ic A cidic Non- 

Ac id ic

0-  1 
1-  2
2 - 3

3 -  4

4 -  5

5-24

12.0

6 .5

4 .0

V
< 1.0

< 0 .5  

< 0 .5  

< 0 .5

V
22 .0

8 .5

4 .0

3 .0

V
1 .5

< 0 .5

< 0 .5

< 0 .5

V
1 8 .0

13 .5

7 .0

3 .5

V
1 .5

< 0 .5

< 0 .5

0.5

V
47 .5

7
< 1 .5

7
13.0

2.0

1 .5  

2 .0

2.5

2 .5  

32.0

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1
7

30 .5
7<0.1

24 Hr. 
T o ta l 22.5 22.0 17.0 1 8 .0 25.5 48.0 0 13.0 42.0 0 30 .5 0

24—48

48-96
7

< 0 .5
i

9 .5

2 .5

0 .5

< 0.1

<0.1

3.5

1.0

< 0.1

<0.1
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h igher 24 hour y ie ld  o f  a c id  au x in . The i n i t i a l  b u rs t  o f  auxin  produc- 

bion was gone, however. This can be ex p la in ed  by assum ing th a t  th e  Na- 

DEDT in h ib i te d  a l l  enzym atic and perhaps o th e r  methods o f aux in  produc­

tio n  W iile  on ly  a  chem ico -physical r e le a s e  mechanism co n tin u ed .

In  s e r i e s  6 , Na-DEDT was added, b u t th e r e  was on ly  a s in g le  

change o f e th e r .  N e v e rth e le ss , w ith  lAA d e s tru c t io n  stopped  by Na-DEDT, 

the  y ie ld  o f  s e r ie s  6 was f a r  s u p e r io r  to  s e r ie s  4 w ithou t Na-DEDT and 

compared fa v o ra b ly  w ith  th e  f r e q u e n tly  changed s e r ie s  $.

In  e x tra c t io n s  a t  1° C. (Table 15) th e  same s o r t  o f s t a i r  s te p  

re le a se  o f  a c id ic  aux in  p re v a i le d , excep t t h a t  th e  t o t a l  amounts were 

l e s s .  In  s e r ie s  7 , 8 , and 9 th e re  was a la rg e  i n i t i a l  b u r s t  and th e n , 

un like  comparable s e r ie s  a t  22° C ., a s te a d y  r e le a s e  o f  au x in . In  

s e r ie s  10 w ith  a  s in g le  so lv e n t change, th e  y ie ld  was much g r e a te r  th an  

In s e r ie s  k  (Table 14) which had comparable tre a tm e n t, b u t a t  a  h ig h e r 

l^em perature. The y ie ld  in  s e r ie s  10 compared fav o rab ly  w ith  s e r ie s  7 ,

8, and 9 v h ich  had fre q u e n t so lv e n t changes. I t  i s  ap p aren t t h a t  a t  

1° C. th e  lAA ox idase  complex was n o n -fu n c tio n a l.

S e r ie s  11 and 12 (Table 15) had Na-DEDT added. The 24 hour 

y ie ld  in  s e r ie s  11 was s l i g h t l y  l e s s  th an  th a t  in  s e r ie s  7 , 8, o r  9.

This seemed to  in d ic a te  t h a t  even a t  1° C. th e  Na-DEDT was in h ib i t in g  

some source  o f a c id ic  aux in  fo rm atio n . This p o in t was borne ou t more 

g ra p h ic a lly  by th e  f a c t  th a t  th e  i n i t i a l  b u r s t  o f auxin  even a t  1° C. 

vas reduced to  th e  same s te a d y  r a t e  shown by s e r ie s  11 (Table 1 4 ) . This 

I n i t i a l  b u r s t  o f aux in  a t  1° C. cou ld  n o t be en zy m a tica lly  re le a s e d .

I t s  in h ib i t io n  by Na-DEDT th u s  in d ic a te s  t h a t  Na-DEDT was in v o lv ed  in

i-determine_jwhat—e ffe c t- t



TABLE 15

EXTRACTION OF ETIOLATED PEA INTERNODES WITH ETHER AT 1° C. YIELDS OF ETHER SOLUBLE 
AUXIN EXPRESSED AS MICROGRAM EQUIVALENTS OF lAA PER KILOGRAM OF TISSUE

Hours

S e r ie s  7 S e rie s  8 S e rie s  9 S e rie s  10 S e rie s  11 | S e rie s  12
J ig .  eq . lAA J ig .  eq. lAA J i g .  eq. lAA J ig .  eq. lAA 100 p .p .m . Na-DEDT

jis . eq. lAA jie . eq . lAA

Acidic
Non-

A cidic A cidic
Non- 

Ac id ic A cidic
Non-

A cidic A cidic
Non-

A cidic A cidic Non-
A cidic A cidic Non-

A cidic

0 -  1 

1 -  2

2 - 3

3-24

10 .0

2 .5

1 .5  

5 .0

< 0 .5

< 0 .5

< 0 .5

< 0 .5

11 .0

2 .5

1 .5

8 .5

< 0 .5

< 0 .5

< 0 .5

< 0 .5

9.0

2 .0  

0 .5  

3 .5

< 0 .5

< 0 .5

< 0 .5

< 0 .5 13

r

.0 < 0

7

.5

2 .0

2 .0

1 .5

4 .5

< 0 .1

< 0 .1

< 0 .1

< 0 .1 9

7

.5 <0
7

.1

24 Hr. 
T o ta l 19 .0 0 23.5 0 15.0 0 13.0 0 10.5 0 9.5 “0

24-48

48-96

1 .5

0 .5

< 0 .5

< 0 .5

2 .5

0 .5

< 0 .5

< 0 .5

8.0

2 .0

< 0 .1

< 0 .1

6 .5

2 .5

< 0 .1

< 0 .1

G



44
i t  might be having on th e  e x tra c t io n  p ro cess  a t  p re s e n t .  F u r th e r  r e -  

search  i s  now in  p ro g ress  to  c le a r  up t h i s  p o in t .

The d a ta  ob ta in ed  a t  1° C. may shed some l i g h t  on " fre e "  and 

"bound" au x in . S ince in  e x tra c tio n s  a t  1° C. o r  22° C, employing Na-DEDT 

a very  sm all y ie ld  was o b ta ined  th e  f i r s t  hour ( s e r ie s  5^ Table 14; s e r ­

ie s  11, Table 15) one would be u n ju s t i f ie d  in  c a l l in g  any more th an  t h i s  

amount " fre e "  au x in . O ther w orkers (58, 59  ̂ 71) have d e fin ed  " fre e "  

auxin v a r io u s ly . T h e ir r a th e r  a r b i t r a r y  d e f in i t io n s  have been c r i t ic iz e d  

an th e  grounds th a t  what th ey  term  as " fre e "  auxin  c o n s is ts ,  a t  l e a s t  in  

p a r t ,  o f bound auxin  (5 3 ).

The e x tra c t io n  w ith  w a ter co n ta in in g  100 p .p .m . Na-DEDT a t  1° C. 

and 22° C. (Table l6 )  showed, in  g e n e ra l, low er y ie ld s  th an  comparable 

e x tra c tio n s  w ith  e th e r  (T ables 14 and 1 5 ) . This conforms w ith  th e  

hypothesis developed e a r l i e r  t h a t  w a te r , n o t e th e r ,  i s  re sp o n s ib le  f o r  

auxin e x tra c t io n .  The •volume o f  w ater was l im i t in g  th e  auxin  y ie ld ,  

idiereas w ith  e th e r ,  e x tra c t io n  c o n d itio n s  were e s s e n t ia l ly  e q u iv a len t to  

laaving an u n lim ited  supply  o f w a ter.

N on-acidic Auxin. The p ro d u c tio n  o f n o n -a c id ic  aux in  d id  n o t 

ommence u n t i l  about th e  4 th  o r  5 th  hour, a t  about th e  tim e th e  e x tra c ­

tio n  o f  a c id ic  auxin  was v i r t u a l l y  com plete (Table 1 4 ) . I t  should  be 

m entioned here  t h a t  w h ile  y ie ld s  o f n o n -a c id ic  auxin  a re  g iven  in  /ig . 

eq u iv a len ts  of lAA, one i s  no t a c tu a l ly  j u s t i f i e d  in  doing t h i s  s in ce  i t  

e r ta in ly  i s  n o t lAA and may po ssess  a  s l i g h t l y  d i f f e r e n t  a c ti-v lty  curve 

(3 1 ). T here fo re , th e  ex ac t amount o f  th e  n o n -a c id ic  aux in  may be some­

what d i f f e r e n t  from th e  recorded  v a lues b u t i t  i s  hoped th a t  th e  r e l a t iv é



TABLE 16

EXTRACTION OF ETIOLATED PEA INTERNODES WITH WATER CONTAINING 100 p .p .m . Na-DEDT, 
YIELDS OF ETHER SOLUBLE AUXIN EXPRESSED A3 MICROGRAI'Î EQUIVALENTS OF

lAA PER KILOGRAM OF TISSUE

S e rie s  13 -  22° C. S e rie s  14 -  22° C. S e rie s  15 -  1° C. S e rie s  I6  -  1° C.
Hour eq. lAA jiR. eq. lAA Jig .. eq. lAA J ig . eq. lAA

A cidic Non-Acidic A cidic Non-Acidic A cidic Non-Acidic Acidic Non-Acidic

0 -  I 2 .5 < 0 .5 1 .5 < 0 .5

I -  2 1 .5 < 0 .5 1 .5 < 0 .5

2 -  3 I.O < 0 .5 1 .5 < 0 .5
V V V 7

3-24 2 .5 < 0 .5 9 .0 0 .5 3 .5 < 0 .5  ■ 7 ,0 < 0 .5

24 Hr.
T o ta l 7 .5 0 9 .0 0 .5 8 .0 0 7 .0 0
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in  amoimt th an  th e  a c id ic  f r a c t io n .  In  s e r ie s  1 , 2 , and 3 (Table 14) th ç  

l a r g e s t  p a r t  o f  th e  n o n -ac id ic  auxin was produced du rin g  the  f i r s t  24 

hours a lthough  th e re  was s t i l l  some p ro d u c tio n  as long  as 4 days a f t e r  

e x tra c t io n  ( s e r ie s  3 ) .  In  s e r ie s  4 th e  p ro d u c tio n  o f  n o n -ac id ic  auxin 

was s tro n g ly  c u r ta i le d .  S ince some n o n -a c id ic  auxins can be converted  

to  a c id ic  aux ins (21, 31  ̂ 32, 33 , 55) i t  i s  p o s s ib le  th a t  some o f th e  

n o n -ac id ic  aux in  was converted  to  a c id ic  aux in  and th e reb y  d estro y ed .

In  co n firm atio n  o f  th e  in v e s t ig a t io n s  of o th e r  workers (10, 53) 

n o n -ac id ic  auxin  was n o t found a t  low tem p era tu re  in  e th e r  e x tra c t io n s ,  

o r a t  any tem p era tu re  in  w ater e x t r a c t io n s ,  in  a d d i t io n ,  in  t h i s  study  

i t  was found th a t  th e  p resence  o f Na-DEDT in h ib i te d  th e  fo rm ation  o f non- 

a c id ic  aux in . T h e re fo re , on ly  s e r ie s  1 -4  (Table 14) y ie ld e d  n o n -ac id ic  

aux in .

In g e n e ra l , th e  t o t a l  a c t i v i t y  o f  th e  a c id ic  and n o n -ac id ic  

f r a c t io n s  combined ( s e r ie s  1 , 2, and 3) about eq u a lled  th e  a c t i v i t y  o f 

s e r ie s  5 which was a l l  a c id ic  (T able 1 4 ). There a re  a t  l e a s t  two pos­

s ib le  ex p lan a tio n s  fo r  th e  d isappearance  o f a c t i v i t y  in  th e  n o n -ac id ic  

f r a c t io n  concom itant w ith  an in c re a s e  in  a c t i v i t y  o f th e  a c id ic  f r a c t io n  

upon a d d it io n  o f Na-DEDT. One might assume t h a t  th e  n o n -a c id ic  auxin  in  

s e r ie s  1 , 2 , and 3 was formed in  some manner as a  decom position p roduct 

o f IM . T h e re fo re , upon a d d it io n  o f  Na-DEDT, th e  lAA oxidase complex 

was in a c t iv a te d ,  and th e  lAA was n o t broken down in to  n o n -ac id ic  aux in . 

The likelihood of t h i s  i s  d im in ished  by th e  f a c t  t h a t  th e  decom position 

p ro d u c ts  o f lAA have been r a th e r  e x te n s iv e ly  in v e s t ig a te d  and have a l ­

ways been shown to  be in a c t iv e  o r  in h ib i to r y  as growth substances (51,

no-guch tre n d . In_____
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s e r ie s  4 in  which th e  a c id ic  aux in  was a p p a re n tly  destro y ed  to  th e  ex tent 

th a t  th e re  was no a c t i v i t y  l e f t  in  t h a t  f r a c t io n ,  th e  a c t i v i t y  o f th e  

ao n -ac id ic  f r a c t io n  was n o t in c re a se d ; r a th e r  i t  was somewhat reduced.

A.S an a l t e r n a t iv e  and more s a t i s f a c to r y  e x p lan a tio n , one m ight assume 

th a t  Na-DEDT n o t on ly  b locks th e  d e s tru c t io n  o f lAA, b u t a lso  b locks th e  

form ation  of n o n -ac id ic  au x in . F igure  2 i s  a com pila tion  from se v e ra l 

d i f f e r e n t  sources (28, 34 , 37, 39, 55, 56) o f th e  proposed ro u te s  o f 

tryp tophane to  lAA, in c lu d in g  a l l  t h a t  i s  known o r  su spected  about th e  

pathways o f sy n th e s is  and breakdown o f two n a tu r a l ly  o ccu rrin g  non- 

a c id ic  au x in s, lAc and IAN. Na-DEDT m ight b lock  one o r  more o f th e  f o l ­

lowing enzymes: (1) th e  dehydrogenase which c a ta ly z e s  th e  tran sfo rm a­

tio n  o f tryp tophane to  in d o le im in o a c e tic  a c id , a  s t i l l  h y p o th e tic a l in ­

te rm ed ia te , (2) th e  decarboxylase  which c a ta ly z e s  th e  tra n s fo rm a tio n  of 

tryp tophane to  try p tam in e , o r  (3) th e  dehydrogenase an d /o r decarboxylase  

which presum ably c a ta ly z e s  th e  tra n s fo rm a tio n  o f  in d o le im in o a c e tic  a c id  

to  IAN. These a re  n o t unreasonab le  assum ptions s in ce  Na-DEDT i s  known 

to  be q u ite  e f f e c t iv e  in  in h ib i t in g  co p p er-co n ta in in g  enzymes (62) ,  and 

the above m entioned enzymes may very  w e ll be co p p er-co n ta in in g  enzymes.

The in c re a se  o f  a c id ic  auxin over a 24 hour p e rio d  upon a d d itio n  

of Na-DEDT may have been a r e s u l t  o f decreased  d e s tru c tio n  o f lAA by th e  

lAA oxidase  complex; i t  m ight a lso  have been , in  p a r t  a t  l e a s t ,  th e  r e ­

s u l t  o f the  fo rm ation  o f more a c id ic  aux in . I f  one assumes th a t  th e  

co n -ac id ic  auxin  was being  formed s im u ltan eo u sly  along w ith  lAA from a 

common s u b s tr a te ,  p robab ly  f r e e  try p to p h an e , th en  w ith  th e  b lo ck ing  of 

bhe n o n -ac id ic  fo rm ation  system  by Na-DEDT more s u b s tra te  was a v a ila b le  

fb%L_mny&raionĴ o_JLA&LJi@nâ
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r f  th e  n o n -a c id ic  substance  i s  IAN o r  some n o n -a c id ic  substance 

Dther than  lAc, th en  upon th e  a d d i t io n  o f  Na-DEDT th e  continued  fo m a tio r . 

Df th e  a c id ic  aux in  m ight pass  e i th e r  th rough  lAc o r  in d o le -3 -p y ru v ic  

ic id  (IPA) on i t s  way to  lAA. I f ,  on th e  o th e r  hand, th e  n o n -a c id ic  

auxin is '- th e  in te rm e d ia te  lAc which i s  m erely  being  trap p ed  in  th e  

a th e r , then  w ith  th e  a d d itio n  o f Na-DEDT, lAA must be formed d i r e c t ly  

bhrough IPA and n ev er pass through  lAc.

S ev e ra l f a c t s  le a d  one to  conclude th a t  most o f  th e  n o n -ac id ic  

substance  i s  n o t IAN. Jones and coworkers (28) were a b le  to  i s o la te  

c r y s ta l l in e  IAN from cabbage ra p id ly  e x tra c te d  a t  f re e z in g  tem p era tu re , 

lowever, in  peas th e  n o n -a c id ic  auxin appears  to  be formed on ly  during  

the e x tr a c t io n ,  on ly  viien o rg an ic  so lv e n ts  ai*e u sed , and only  a t  a tem­

p e ra tu re  s u i ta b le  f o r  enzym atic a c t i v i t y .  Thus th e  same s i tu a t io n  ce r­

t a in ly  does n o t p r e v a i l  in  peas as in  o th e r  dem onstrated  lA N -containing 

p la n ts . W hatever substance  th e  n o n -a c id ic  aux in  may b e , i t  i s  apparen t 

th a t in  t h i s  v a r ie ty  o f peas a t  l e a s t ,  i t  i s  n o t o f g re a t  im portance in  

the p la n t  i t s e l f  and i s  a p p a re n tly  formed o n ly  under s p e c ia l  e x tra c t io n  

c o n d itio n s .

I d e n t i f i c a t io n  of Auxin. No a ttem p t was made to  id e n t i f y  th e  

a c id ic  au x in ; i t  was assumed to  be lAA. An attem pt was made to  id e n t i f y  

the  n o n -a c id ic  aux in  by paper chrom atography. N on-acid ic  auxin from pea 

in te m o d e s , s o lu tio n s  o f  pure lAA, s o lu t io n s  o f pure IAN, and s y n th e tic  

no n -ac id ic  p re p a ra tio n s  were run on paper chromatograms w ith  v a rio u s  p a r­

t i t io n in g  so lv e n ts  (T able 1 ? ) . The paper s t r i p s  were th en  sec tio n e d  and 

te s te d  b io lo g ic a l ly  o r  examined under u l t r a v io l e t  l i g h t  and te s t e d  

chem ically  f o r  auxin  a c t i v i ty .
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TABLE 17

RESPONSE OF AUXINS RUN ON PAPER CHROMATOGRAMS 
TO MODIFIED SALKOWSKE REAGENT

Substance Tested S olvent System Approximate R^ Color o f Spot

lAA Water 0 .89 Pink

lAA Isopropano l -  
Ammonia -  
W ater

0.1:0 Pink

lAA 70^ E thanol 0.78 Pink

IAN Water 0 .43* Blue-Gray

IAN 70% Ethanol 0 .84 Blue-G ray

Non-Acidic 
F ra c tio n  

From Peas
70% E thanol None

I T a ile d  b ad ly .
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U ltra v io le t  l i g h t ,  a t  l e a s t  in  th e  p resence  o f f la v o - p r o te in s , 

i s  known to  in a c t iv a te  auxin  (1 3 ). A fte r  a few p re lim in a ry  t e s t s  in  

vAiich a c t i v i t y  appeared d im in ished  a f t e r  exposure to  u l t r a v io l e t  l i g h t ,  

d u p lic a te  s t r i p s  were always ru n , th e  same s t r i p  n ev er being  su b jec te d  

to  bo th  tre a tm e n ts . The r e s u l t s  w ith  u l t r a v i o l e t  l i g h t  were in co n c lu ­

s iv e . The flu o resc en c e  o f o th e r  n o n -a c tiv e  su b stan ces  and th e  r e la t iv e ly ' 

la rg e  amounts o f  aux ins re q u ire d  f o r  f lu o re sc e n c e  (about 1 n g .) l im i t  th ^  

use o f  t h i s  tech n iq u e , e s p e c ia l ly  w ith  n a tu r a l ly  o ccu rrin g  au x in s . How­

e v e r , s t r ik in g  co incidence  w ith  b io lo g ic a l ly  a c t iv e  a re as  was o b ta in ed  

w ith  th e  n o n -a c id ic  i s a t i n  p re p a ra t io n s . At 0 .80  to  0 .85  w ith  70% 

e th an o l th e re  was a dark  green ish-brow n f lu o re s c e n c e . Some n in h y d rin  

p re p a ra tio n s  showed a  s im i la r ,  alm ost b lack  f lu o r é s cenc 3 a t  t h i s  same 

lo c a t io n . This i s  approx im ate ly  th e  same re g io n  in  which th e  b u lk  o f th ^  

b io lo g ic a l  a c t i v i t y  was found in  th e se  p re p a ra t io n s .

Since th e  n o n -a c id ic  auxin  was n o t c o n ce n tra te d  enough to  y ie ld  

a sp o t upon sp ray ing  w ith  Salkow ski re a g e n t, b io lo g ic a l  t e s t s  a lone were 

used to  lo c a te  a c t iv e  a re a s .  In  F ig u res  3 a , b , and c th e  r e s u l t s  o f 

b io lo g ic a l  t e s t s  a re  g iv en . The c r o s s - l in e s  r e p re s e n t  th e  s iz e s  o f seg­

ments e lu te d  fo r  th e  b io a ssa y s . The n o n -a c id ic  e x t r a c t  from peas was 

run w ith  d i f f e r e n t  so lv e n ts  and a su g g es tio n  o f  th e  v a lu es  was ob­

ta in e d . In  w ater th e  R^ was no more th a n  0 .6 0 ; in  70% e th an o l about

0 .8 5 . These v a lu es  could  be th e  value fo r  IAN. However, in  isop ropano l- ' 

ammonia-water p rep ared  accord ing  to  B en n e tt-C la rk , Tambiah, and K efford  

(6) th e  n o n -a c id ic  auxin  d id  n o t a p p a re n tly  t r a v e l  a t  th e  f r o n t  w h ile  

IAN has been re p o r te d  to  do t h i s  (4 7 ).

________The R|. va lues o f I  Ac, th e  o th e r
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ao n -ac id ic  a u x in , a re  in co m p le te ly  knov/n. The on ly  persons who have syn- 

bhesized  lAc w ith  c e r ta in ty  were Brown, H enbest, and Jones (14, 15)• 

U n fo rtu n a te ly , subsequent s tu d ie s  (7) w ith  t h i s  pure  compound d id  no t 

in c lu d e  chrom atographic a n a ly s is .  The va lue  o f 0 .45  fo r  lAc w ith  

a lco h o l as a p a r t i t i o n  s o lv e n t which i s  commonly quoted (47) i s  t h a t  o f 

famaki and Nakamura (7 2 ). T heir va lue  was Supposedly o b ta in ed  by chemi­

c a l t e s t s  using  a b e n z id in e -g la c ia l  a c e t ic  a c id  nujcture . Van E ck 's  r e ­

ag en t. S ev e ra l a ttem p ts  by th e  w r i te r  to  d u p lic a te  th e se  r e s u l t s  w ith  

Van E ck 's  o r  Salkow ski reag en t were f u t i l e .  F urtherm ore, Yamaki and 

Nakamura claim ed t h a t ,  u sing  th e  procedure o f L arsen  (31) f o r  th e  

p re p a ra tio n  o f a  n o n -a c id ic  su b stan ce , presum ably I  Ac, th ey  o b ta in ed  a 

red  sp o t a t  a low  value  c o in c id en t w ith  th e  sp o t o b ta in ed  w ith  th e  

n a tiv e  e x t r a c t .  Many a ttem p ts  by th e  w r i te r  and o th e rs  ( l6 )  to  d u p li­

ca te  t h i s  p rocedure have f a i l e d .  P a r t i t io n in g  w ith  70% e th an o l gave 

only  a brown sp o t a t  around Rf 0 .8 $ , a  value which seems to  ho ld  t ru e  

fo r  many in d o le  compounds (4 7 ) . I t  i s  n o t p o s s ib le  th e n  to  determ ine 

the  d isc rep an cy  between th e se  r e s u l t s  and th e  p u b lish ed  re p o r t  o f  Yamsiki 

and Nakamura. I t  should  be p o in te d  o u t, however, t h a t  s in ce  pure lAc 

has been shown to  be ex trem ely  l a b i l e  (14, 15) and s in ce  th e  method o f 

p re p a ra tio n  used by th e  Japanese w orkers r e s u l t s  in  an ex trem ely  low 

y ie ld  of u n c e r ta in ly  id e n t i f i e d  m a te r ia l  i t  seems u n lik e ly  th a t  th e  

r a th e r  h a rsh  tre a tm e n t g iv en  i t  b y  th e se  w orkers ( i . e . ,  d ry ing  and r e ­

d is so lv in g )  would r e s u l t  in  th e  microgram q u a n t i t ie s  n ecessa ry  f o r  

chem ical d e te c t io n .  Furtherm ore, t h e i r  b io lo g ic a l  t e s t s  were n o t n e a r ly  

as co n c lu s iv e  as  th e  chem ical t e s t s .  S ince th e  b io lo g ic a l  t e s t s  a re

i f —th e -----------
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substance had a c tu a l ly  been lA c.

I f  one then  q u e s tio n s  th e  v a l id i ty  o f th e  low va lue  ob ta ined  

fo r  lAc by Yamaki and Nakamura, i t  s t i l l  remains p o s s ib le  th a t  th e  n a tiv ^  

non -ac id ic  auxin  i s  lAc. I t  i s  a l to g e th e r  p o ss ib le  th a t  more th an  one 

no n -ac id ic  auxin i s  p re se n t in  th e  s y n th e t ic  p re p a ra tio n  o f n o n -a c id ic  

aux in . S tr ip s  9 , 10, 12, and 13 (F igu res 3b and c) suggest t h i s .  The 

b i s u l f i t e  bound and reg en era ted  p o r tio n  ( s t r ip s  9 and 12) o f th e  a r t i ­

f i c i a l  n o n -a c id ic  auxin  had an R̂ . va^ue q u ite  c lo se  to  th a t  o f o th e r  in ­

dole compounds. However, s t r i p s  10 and 13 co n ta in in g  th e  p o r tio n  no t 

bound by b i s u l f i t e  showed a c t i v i t y  a ls o .  Hence, t h i s  p o r tio n  o f th e  non- 

a c id ic  p re p a ra tio n  could n o t be th e  a ldehyde, lAc, bu t could  s t i l l  pos­

s ib ly  be th e  n i t r i l e ,  IAN.

One f a c to r ,  e s p e c ia l ly  in  th o se  chromatograms u s in g  w ater as 

bhe p a r t i t i o n  s o lv e n t , which decreased  th e  e f fe c t iv e n e s s  o f th e  sep ara ­

tio n  on paper was th e  f a c t  t h a t  t a i l i n g  occurred  to  such an e x te n t as to  

make many s t r i p s  unusab le .

Thus, u n fo r tu n a te ly , th e  i d e n t i ty  o f both  th e  n a tiv e  n o n -ac id ic  

auxin and th e  sy n th e tic  n o n -a c id ic  p re p a ra t io n  remain a m a tte r  fo r  specu­

la t io n  u n t i l  f u r th e r  in v e s t ig a t io n s  a re  made.
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SUMMARY

1. A ttem pts were made to  d ev ise  a s a t i s f a c to r y  p rocedure fo r  

e x tra c t in g  auxin  from p la n t  t i s s u e s .  A s tan d a rd  e x tra c t io n  procedure em-' 

plojring an e th e r -w a te r  m ixture under co n stan t a g i ta t io n  was adopted .

2 . The w ater volume was found to  l im i t  aux in  e x tra c t io n .  Ap­

p a re n tly  auxin  was e x tra c te d  by th e  w ater and th e n  p a r t i t io n e d  in to  th e  

e th e r .  P a r t i t io n in g  was improved by continuous a g i ta t io n  o f th e  e th e r -  

w ater m ix tu re .

3 . Auxin y ie ld  was n o t in c re a se d  by any o f th e  fo llo w in g  

tre a tm e n ts : ( l )  th e  a d d itio n  o f a c id  to  th e  w a te r , (2) th e  use o f  in ­

a c tiv e  n o n -ac id ic  e th e r ,  (3) th e  a d d it io n  o f f r e s h  e th e r ,  o r  (4) repeatec. 

r in s in g  w ith  f re s h  e th e r .

4 . Auxin y ie ld  from maize endosperm was g r e a te r  du ring  th e  

f i r s t  few hours a t  22° C. th an  a t  1° C. even though d e s tru c t io n  o f auxin  

was dem onstrated a t  th e  h ig h e r te m p e ra tu re . Sodium d ie th y ld i th io c a rb a -  

mate (Na-DEDT) in h ib i te d  t h i s  d e s tr u c t io n .

5. Maize endosperm auxin  a p p a re n tly  e x i s t s  in  th re e  s t a t e s :

( l )  a sm all e th e r - s o lu b le  p o r t io n  r e a d i ly  e x tra c ta b le  w ith  e th e r ,  (2) a 

Larger loosely -bound  e th e r -s o lu b le  p o r t io n  e x tra c ta b le  on ly  w ith  w a te r , 

and (3) an aux in  complex which cou ld  be e x tra c te d  w ith  w a ter b u t was s o l­

uble in  e th e r  on ly  a f t e r  d r a s t ic  a lk a l in e  h y d ro ly s is .

6. N on-acid ic auxin  was n o t found. The a c id ic  au x in , b o th  th e

57
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e th e r - s o lu b le  and th e  auxin  complex h y d ro ly sa te , gave chem ical and b io ld^- 

io a l  t e s t s  id e n t i c a l  w ith  in d o le a c e tic  a c id  (lAA).

7 . In  f u r th e r  in v e s t ig a t io n s  f r e s h  e t io la t e d  pea in te m o d e s  

were e x tra c te d  and th e  fo rm atio n  and s ig n if ic a n c e  o f th e  aux ins th u s  ob­

ta in e d  were s tu d ie d .

8. I t  was n o t n e ce ssa ry  to  add w ater o r  a g i ta te  f r e s h  pea t i s ­

sue to  o b ta in  maximum aux in  y ie ld s  w ith  e th e r  as  an e x t r a c ta n t ;  however, 

i f  w a ter was added a g i ta t io n  became e s s e n t ia l  f o r  maximum y ie ld s .

9. With pea in te m o d e s , a s  in  m aize, more a c id ic  aux in  was ob­

ta in e d  a t  22° C. th an  a t  1° C. du ring  th e  f i r s t  th r e e  hours o f e x tra c ­

t io n .  A fte r  th re e  hours th e  y ie ld  o f  auxin  was g r e a te r  a t  1° C. owing 

to  th e  in a c t iv a t io n  o f th e  lAA ox idase  complex a t  t h i s  te m p e ra tu re .

10. Na-DEDT (100 p .p .m . ) in h ib i te d  auxin  d e s tr u c t io n  and th e  

fo rm ation  o f  n o n -a c id ic  aux in . I t  a lso  appeared  to  have o th e r  in h ib i to r y  

e f f e c t s  upon e x tra c t io n  th u s  reducing  th e  amount o f  au x in  which could  be 

c a l le d  " fre e "  au x in .

IL  N on-acid ic  auxin  p ro d u c tio n  occu rred  on ly  du ring  e x tr a c t io n  

w ith  o rg an ic  so lv e n ts  a t  tem p era tu res  fa v o ra b le  f o r  enzym atic a c t i v i t y .  

Thus, i t  appeared t o  be an e x tr a c t io n  a r t i f a c t  o f l i t t l e  s ig n if ic a n c e  

in  v iv o .

12. A cidic auxin  in c re a se  w ith  Na-DEDT over a  lo n g  e x tra c t io n  

p erio d  p robab ly  r e s u l te d  from decreased  aux in  d e s tr u c t io n  and in c re a se d  

a c id ic  aux in  fo rm a tio n . The l a t t e r  event presum ably occu rred  because th é  

a o n -a c id ic  fo rm atio n  system  was b locked and th e r e  was su b seq u en tly  a 

g re a te r  a v a i l a b i l i t y  o f  th e  common s u b s t r a te .

_________13. I d e n t i f i c a t io n  o f  n o n -a c id ic  aux in  by u l t r a v i o l e t  f lu o r é s -
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:ence and chem ical t e s t s  was u n s a t i s f a c to ry .  B io lo g ic a l t e s t s  in  con­

ju n c tio n  w ith  paper chromatography were more s a t i s f a c to r y ,  b u t in conclu ­

s iv e . P o ss ib ly  th e  n o n -ac id ic  aux in  was in d o le  acetaldehyde o r in d o le  

a c e to n i t r i l e  o r perhaps a m ix tu re  o f th e  two.
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