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I. INTR()DUCTI( )N 

Preceding investigations concerning structure and activity of plant growth sub- 
stances and their mutual relation led to the conception that, as to the structure, a 
peculiar relation (also to be taken in a spatial sense) between lipophilic basal ring system 
and hydrophilic acid group is essential for a high growth activity (VF.I.DSIE¢:,, I944)- 
In this respect the required spatial structure reminds strongly of the relations in the 
g~oup of wetting agents and penetrants (cf. page 28o). Considering the actions to be 
expected from such types of compounds, a physico-chemical mechanism of action was 
deemed the more probable one, and, based on the colloid-chemical investigations oi 
BUNGENBERG I)E JON(; et al., the working hypothesis was deveh)ped that this a(:tiol) 
would consist of an influencing of the permeability (intrability) of the t>rot()t>lasmic 
membranes. 

As to the relation structure/activity these views were further lint to the lest with 
more extensive material, which came at our disposal from own investigati()ns and fr()m 
the literature, whereas with respect to the mechanism of the action ample inw~stigations 
were carried out with the aid of model-systems (HAVIN¢;A, \ ' F . I . I )S I 'R . \ ,  z94S: B()olj, 
BUNC;F.NBER(; I)I,." .Ioxc;, Z949; BoOlJ, VF.I.DS'rRA, I94L)). 

After a discussion of the results of the structual investigations, the consistencivs 
of the latter investigations on model systems for the vie~ concerning the action will be 
considered, also in connection with studies on biological systems and ()pinions developed 
elsewhere. 

II .  STRUCTI.IRE AND . \C'FIVITV 

The essential structural requirements for compounds to possess a high growth 
activity were given in the former investigations by 

A. Basal ring system (non-polar part) with high interface activity. 
B. Carboxyl group (polar par t ) - - in  general a group of acidic character m such 

a spatial position with respect to the ring system, that on adsorption of the active 
molecule to a boundary (the non-polar part  playing the most important r61e) this 
functional group will be situated as peripherically as possible. 
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I t  was now considered to what extent lipophilic structures, other than those studied 
up till now (benzene-, naphthalene- or indolenuclei, or closely related structures) might 
be capable of filling the function of "at taching system" (requirement A), simultaneously 
carrying the COOH group in a position required according to B. 

The simplest type conceivable which would meet these requirements as far as B 
is concerned, is without doubt trichloroacetic acid (I), though it very probably will be 
very much too water-soluble. 

Here the "special" form of the requirements for a growth substance, as formulated 
by KOEPFLI, THIMANN, ANI) WENT 
(1938) is completely abandoned and 
attention is paid only to both demands 
to be made generally as expressed under 

A and B. ( o o H  
,,ks already briefly communicated 

I 

elsewhere (VEI.I)STRA, 1947)trichloro- . . c \  
acetic acid provedto  possess a very low (;1 Cl Cl 
activity in the pea test (active at 5" IO-a .~:.J~il 7-/2 
mol/l)*. Though there i~ thus an indica- -~13,~2 ! 
tion of some activity, on a closer exam- ; ~:i 
ination this evidence is not wholly ..:'°. ~ _ ~  : 3 - .  i !.  
conclusive because of the high concen- 
tration required. "l'herefore it is not Fig. I. STOART model of trichloro- 

acetic acid 
absolutely sure that  the effect is based 
on the same mechanism as that of the normal growth substances. Nevertheless the 
effect of this simple "ideal" type of acid in itself remains interesting, also in connec- 
tion with other properties shown by it, as e.g., its action on proteins, and with the 
behaviour of "'spatial related" branched fat ty  acids, to be discussed hereafter (see 
page 28o). 
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Fig. z..~TI:ART model of tris-(chloromethyl)-acetic acid 

In order to approximate more closely the molecular dimensions of the highly active 
compounds, such as naphthalene acetic acid, and to obtain a higher attaching power, 
we investigated tris-chloromethyl acetic acid (II) and the related tris-chloromethyl 
ethane sulphuric acid (III) .  

* The acids investigated in the pea text were always used in tile fi)rm of their potassium salts. 
References p. 3rz/3x2. 
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No ac t iv i t y  in the pea t~st could be detects 'd,  tmw~,w,r..ks to lli~' lll~,~,t illtl'r~,slillV 
c o n l p o u n d  of the pa i r ,  n a l n e l v  t r i s -chh~romethv l  <uwtic m' id.  l l~ d~'linil~, c~n, ' lu>i~l l  c~mht 
be arrived at because i t  t u rned  out  tha t  il s~Jlllti~ll/ of i ts p~>tassiuln ~,:lh i ; i t l l~. i  ra l> id ly  
decomposed w i t h  h~ss of the, c a r b o x y l  g roup .  ,~,~) it p r ~ w ' d  t<~ Ix, inltx~ssilH,,, i,~ <l~'I<'i-tiliil~, 
exactly whether this comt )ound  w~)uld 1)c active..r i l l l t .  The ha l f  silpl)lc~,~,i~lll ' ,ah lc  
de te rm ined  l ) o l a rog raph i ca l l y  ( 24o) i nd i ca t cd  howt,v<,r tha i  V~,l\ in~H)al) ly al~,~ 
w i t h  th is  c o m l x n m d  the Slltfa<.'(~ a c t i v i t y  ill\,,; not vet l)c(~lln~, su f f i c i~ .n th  I l i~h. 

: is  the effect of naph tha lene  acet ic ac id in the oh'at," coacerva tc  is ¢ lJ l l l l )a labl t '  w i t h  
tha t  of oc tano ic  ac id  (of. l ) receding pal)er  ) v,-,<, re invest igat~ 'd i l l ( ,  l<t i tcr  acid it3 t i l t ,  l)~,it 
test over  a w ide  range ~Jf concenirat i~ l l lS.  \ V i t h  the h igher  ct>I l t ' ( ' l / t rat ioi ls (.--.,~. IO :l 
mo l ; l )  the effect descr ibed Ijef~Jre (VI.;I,I)STI(A, I~)47) wa~, ol>scrv~,d agai l l ,  l ) l i i  i l l  h jwt . r  
concel l t r l l . t io i~s not  the s l ightest  i n w a r d  curv<l tures were o l ) ta im 'd ,  l :ur th~,r  wt' t im ,s t \ -  
ga ted  re la ted  f a t t y  acids with branched chains,  whose s t ruc tures  r~'st'nibh' lllOrc ch~sl'lv 
tha t  of t r ichloroacet ic  acid and thus \heel be t t e r  the rcquireme.llt I/ (l)a~e 2751 than 
in the case of normal  f a t ty  acids. In fact in this way we are deziling with p ro to types  . f  

the s t ronger  wet t ing  agents  (of. Yet:x(; ,  ( 'o~.xs, I(;45 ; Pl~Icl.:, i94h). 

( ' ( ) ( ) 1  f (t~ I( I t t  (~ :c 71t 

lla(,.(i',H2', v (" ~(" t,.).('ll~ 1t~('( ' l l2.( ' t l .  z W -('1t2.(11,,.('11 a II.xl" ('11.( I1.> t' -~ II,z,('ll 
i l  

('11,, ( t!,, 

(11, ('11 

( ' l  l:l t I1,, 
IV k kl 

~:ll.a 

Of these acids:  d i -n-propylace t i¢  acid (IV, n • z), di-n-butx:lacetic acid (1 V, n 3), 

di -n -amylace t i c  acid ( I V ,  n - 4), t r i -n -propylace t ic  acid (V) and tr ial l \- lacetic acid (V I), 
none d id  show any  dis t inct  physiological  a c t i v i t y  however.  Only  in the high concent ra-  
t ions (IO -~ - -  I() -:l molil),  near  the toxic level, there apl)eared weak curva tures  as 
desclibe(t  for comparab le  COllcentrations of the normal  ('~ -- ('~4 fa t ty  m:ids (VEI.I)STR.\, 
Z947),  the objects  in the pea test becoming more or less t ransparent .  In this h i t ter  
respect  the branched fa t ty  acids act m e n  • r ap id ly  than their  normal  isomers. These 
observa t ions  induced us to s tudy  the effect of some.  -both m u t u a l h  as with respect 1~ 
the f a t t y  a c i d s - s t r u c t u r a l l y  qui te  mireht ted  wet t ing  agents,  such as the c~mll)OUllCts 

V I I - I X .  

N 

C a~l 1.,:, C I 

VI I  

('1 I:~ 
It 

t ' i iHTi i .(" -~ ~ )$(  @ ) ( ' I  t:~ 
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i t  i:~ 
VIII 

( t ' l l a ;  ~ {( l l : l !  a 

Cl . l l~ l  N I l [ , , ( ' l l  2 . \  ( lol l , ,1 

I Ir l;i 
IX  

These compounds  proved  to be very toxic (a l ready with 4" Io-: '  reel,i), but  quit\: 
near  to these concent ra t ions  the t r ansparency  of the objects  in the pea lest ,  its ment ioned  
before, was observ,,d, accompanied  by  weak curva tures  of the type  ~btained with th, '  
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fa t ty  acids in high concentrations. Particularly with compound IX, where the hydrophilic 
part is located in the centre of the lipophilic chain (cf. page 297 ) these effects were ob- 
served (see Fig. 3). In this way it becomes more probable that these curvatures do not 
represent a normal physiological effect, but are rather correlated with an--in this case-- 
exaggerated form of a factor, also playing a part normally, namely with an abnormal 
uptake of water. 

Thus with these "biped" and "tripod" compounds no significant activity could 
be observed and up till now this remains wholly restricted to the types derived from 
naphthalene, indole, substituted benzene or related ring systems. 

3 Fig. 3. Pea tes t  4 

L Naphtha lene  acid acetic, from 1. to r. : 4; x. Io "-~ mol/l  
, 2. Compound V I I  

3. Compound V I I I  ~ 4 ; 2 ; r ; o. 4. IO - s  mol]l 
4. Compound I X  

The bearing of these findings on the discussion of the mode of action of the growth 
substance will be dealt with afterwards (page 297 ) . 

As to the spatial relation of ring system and carboxyl group in the side chain some 
more interesting facts could be added to those already known (c/s- and trans-cinnamic 
acid, tetrahydronaphthylidene acetic acids). As to the tetrahydro-naphthylidene acetic- 
acids~ it was already communicated in the preceding paper that  their interactions with 
the oleate coacervate constituted a proof for the cis- and trans-structures ascribed 
before to the compounds of m.p. 920 and 163 °, respectively, on account of the different 
behaviour in the pea test (cf. VELDSTRA, 1944). Moreover a very conclusive proof now 
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has been given by HAVINGA AND NIVARI) (1948) by means of the ultraviolet absorption 
spectra and comparison of the difference found with that observed for comparable pairs 
of cis- and trans-acids. To investigate an analogy of the couple cis- and trans-cinnamic 
acid, trans fl-naphthalene(i)acrylic acid (X) was synthesized and found to be, totally 
inactive in the pea test, 

C ()O 1 I 
I 

HC ~ C t l  

X 

H 

H C / ~ ( ' ~ C O O t  I 

: Ii I 

X[ 

By irradiation with ultraviolet light an isomer could be obtained (m.p. 141°, 
HAVlNGA, NIVARD, I948 ), which could be regarded as the cis-form (XI), and which, like 

cis-cinnamic acid, was indeed distinctly active 
(Fig. 4). The typical relation between spatial 
structure and activity as derived from the 
former investigations here once more comes 
to the fore. It is interesting that quite recently 
SEXTON AND TEMPLEMAN (I948), in a study 
of the differential effects of 2-benzo) l-benzoic 
acid and its derivatives, found that also with 
these compounds similar relations may be of 
importance. 

HAAGEN-SMIT AND WENT (1935) had 
already investigated o.methoxy cis-cinnamic 

x 2 3 4 
Fig. 4. Pea test acid (XII) and found it to be slightly active 

x ; 3: cis-Naphthalene(l)acrylic acid io  and ill the pea test. As this compound was highly 
4" I°-5  mol/l  interesting to us because of its relation to the 

2; 4: trans-Naphthalene(i)acrylic acid io growth inhibiting coumarin and the bearing 
and 4 .1o  -'6 mol]l thereof on the general problem of the struc- 

tural relation between growth stimulating and inhibiting compounds (cf. VELOSTRA, 
HAVINGA, 1943, 1945 ) we prepared this cinnamic acid derivative by means of the 
following reactions (STOERMER, FRIEMEL, 1911): 

" ~ / ~ " O  / - ~  " % / ~ O N a  ~ / ~ ( ) C H 3  - ~ " ~ ' : J " ' O C H 3  
XI I  

By assaying this compound in the pea test the results of HAAGEN-SMIT AND WENT 
could be confirmed (Fig. 5) and thus it proves possible by means of a simple series of 
reactions to convert a growth inhibiting substance into a stimulating one. Of course 
it would have been still more interesting to investigate the parent acid of the lactone 
coumarin, namely o.hydroxy-cis cinnamic acid. But as already described previously 
(VELDSTRA, HAVINGA, 1943) this failed, as in a solution of this acid coumarin is formed 
immediately. 

In a comparable way cis-2-methoxy-fl-naphthalene(I) acrylic acid (XIV) was ob- 
tained from 5.6-benzocoumarin (XIII). For the latter compound it had already been 
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i Fig. 5. Pea test 2 
x : c i s -o -me thoxy-c innamic  acid from 1. to r. } 5o; 25; io; 4" I°-5 mol/1 
2: c i s -2 -me thoxy-naph tha lene( l )acry l i c  acid from 1. to r. 

established that its inhibiting activity was weaker than that of coumarin (VELDSTRA, 
HAVINGA, 1943). The methoxy-naphthalene acrylic acid, derived thereof 

(!y2  :.coo. 
o . 

XlII XlV 

was found to be active, but to a much lesser extent than the methoxycinnamic acid 
(cf. Fig. 5). 

Maximal activity both in a stimulating and in an inhibiting sense thus seems to be 
connected with a rather well-defined molecular size, as e.g., also appears from the fact 
that, compared with coumarin, the chloro-coumarins generally are weaker inhibitors 
(cf. AUDU$, QUASTEL, 1947; VELDSTRA, NAUTA, 1949). 

As the growth substances have the same hydrophilic part in common, namely 
the COOH group, the molecular size required for maximal activity implies a definite 
lipophilic part in balance with the hydrophilic carboxyl group'. 

One arrives at the same conclusion when comparing phenoxy-acetic acid derivatives 
mutually or with conformable derivatives of naphthoxy-acetic acid. 

OCHtCOOH OCHsCOOH OCHsCOOH 

CI 
XV XVI XVII 

OCHtC OOH OCH2C OOH OCHtC OOH 

~ I  C ~ C l  ~ , " ~ C l  (.)v 
C! C1 el  

XVIII XlX XX 

Starting with phenoxy-acetic acid (XV), itself but very weakly active in the pea 

* Henceforth this balance between hydrophilic and lipophilic (hydrophobic) parts of similar 
polar/non-polar compounds (amphipatic compounds, cf. HARTLEY, ~94 I) will also be denoted as 
HL-balance. 
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test, introduction of ~:hlorine atoms in the o- (XVI), p- (XVII) or in the o- and p- (XVIII)  
positions simultaneously causes in the same order an increase in activity, so that  
2,4-dichlorophenoxy-acetic acid is quite as active as naphthalene acetic acid (cf. Fig. 6). 

If  their interface activity is measured polarographically, it proves to increase in 
the same sense, the activity of 2,4-D in this respect also being wholly comparable 
with that  of naphthalene acetic acid (half suppression values (HSV): phenoxy-acetic 
acid I3o; o.chlorophenoxy-acetic acid 17; p.chlorophenoxy-acetic acid I4; 2.4-dichloro- 
phenoxy-acetic acid 7; naphthalene-acetic acid 5). 

I 2 3 

4 5 6 
Fig. 6. Pea test 

I. naphthalene-acetic acid from 1. to r.: 4; i. i o -s mol:'l 
2. phenoxy-acetic acid ] 
3. o.chlorophenoxy-acetic acid | 
4. p.chlorophenoxy-acetic acid ~- from 1. to r. : io; ,l" xo-S moli'l 
5.2,4-dichlorophenoxy-acetic acid | 
6. 2.4,6-trichlorophenoxy-acetic acid _J 

Apparently in this series the above-mentioned balance between lipophilic (non- 
polar) and hydrophilic (polar) part,  characteristic for maximal activity, is approximated 
in the best way with 2,4-D. For if one more chlorine a tom is introduced, the resulting 
2,4,6-trichlorophenoxy-acetic acid (XIX) proves to be practically inactive in the pea 
test, though its interface activity still has increased (HSV: 4,8). We believe that  in the 
same sense in 2,4-dichloronaphthoxy-acetic acid (XX) the balance has turned too much 
towards the lipophilic side, this compound also possessing a very low physiological 
activity. 
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We consider it probable that with this HL-balance the real meaning of the "high 
interface activity of the non-polar par t"  (requirement A., page 287) is detailed more 
strictly, as this interface activity now too is brought in relation with the carboxyl group 
and a certain limit can be indicated. The interface activity namely not only can be 
too low (from which side in our former investigations this problem was mainly viewed), 
but  also too high. 

In this way the requirements for maximal growth substance activity are considered 
to consist of a double relation between non-polar and polar parts of the active molecule, 
a physico-chemical and a spatial one. 

A more extensive discussion of this relation will follow after comparison of the 
action of growth substances and related compounds on the oleate coacervate and on 
biological systems (cf. page 290 ). 

After the appearance of our first paper on the relation between chemical structure 
and growth substance activity, in which the active compounds known up till then were 
summarized, a vast amount of compounds has been investigated as to their growth 
activity in different centres--but mainly in the U.S.A.--(ZIMMERMAN et al., 1941-1943 ; 
1944; THOMPSON et al., 1946; TEMPLI~;MAN, SEXTON, 1946; NEWMAN et al., 1947; cf. 
TINCKER, 1940, 1948 ). 

For the study of the relation structure/activity it is rather a pity that the tests 
used, for reasons discussed before (VELI)STRA, 1944, page IOO) do not permit to draw 
conclusions in this respect. For this purpose the most interesting series will also have 
to be investigated in the pea test. Apart from the phenoxyacetic acid derivatives already 
mentioned, only a few of them were investigated by us up till now. For the moment 
we will only state that the activity of N-2,4-dichlorophenyl(I)glycine (XXI) is compa- 
rable with that of 2,4-D and naphthalene-acetic acid. Thus apparently also this type 
of side chain meets the requirements. 

NH.CH,C OOH C OOH 

~ - C 1  ~ / _ B r  
NO, 

Cl 
XXI XXII 

Very interesting both in a theoretical sense and to practical applications are the 
effects shown by substituted benzoic acids. (ZIMMERMAN, HITCHCOCK, 1942 ). So 2- 
bromo-3-nitro-benzoic acid (XXII) was reported to be mildly active for cell-elongation. 
We reinvestigated this compound in the pea test and found it to be active, though 
but very weakly. 

This means that for the first time activity (let it be a very small one) is here en- 
countered in a compound which does not fit the rule of KOEPFLI, THIMANN, AND WENT, 
that for the display of growth activity at least one carbon atom is required between 
ring system and carboxyl group or at first sight does not show the spatial relation be- 
tween non-polar and polar part as we described. These requirements for maximal activity 
thus do not seem to be a "conditio sine qua non" for the appearance of growth activity 
in general. From a theoretical point of view this is a very interesting observation and 
therefore these questions were studied more in detail, also with compounds not investi- 
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T F i g .  7.  P e a  t( s t  2 

I .  n a p h t h a l o n c  a c c l i c  a c i d ,  f r o n a  1. t o  r .  : -I : 1 ; o . .  f ; o . i  • i o  - ~  m~A..'l 
2.  2 - 1 ) r o m o - 3 - n i l r o - b e n z ( , i c  a t t i d  fr~m~ l. t o  r .  : 5'~; t o ;  3 o ;  2 o .  t o - : '  m . 1 . ' !  

gated in this respect up till now. The results of these investigations will be discnssed 
in a following paper. 

I I I .  O N  T H E  M E C H A N I S M  O F  T H E  A C T I O N  

The investigations concerning the effect of growth substances on model systems, 
particularly on the oleate coacervate (Boolj, VELDSTRA, I949), showed that the type 
of action answered expectations, but that the quantitative relations between opening 
effect and physiological activity in the series of naphthalene and indole derivatives 
were just the reverse of those one would expect on account of the view that the growth 
substances mainly act on the protoplasmic membranes. These divergences might be 
caused by the fact that the model system used does not correspond completely enough 
with the system physiologically reacting. On account of some arguments given in the 
preceding paper (Boolj, VELDSTRA, 1949, page 274) it was considered more probable, 
however, that with the view of growth substances influencing intrability/permeability 
the essential part of their activity had not yet been indicated and that most probably 
this had to be looked for within the protoplasm itself. 

In order to shorten the discussion on these two possibilities and to show whether 
it was justified or not to base conclusions on the effects observed with the oleate co- 
acervate, it was deemed highly important to compare the effect of some series of com- 
pounds on the coacervate with those on a biological system of such a type that one 
could almost certainly ascribe the effect to an interaction with protoplasmic boundaries. 

One case of conformity between the effects obtained with the oleate coacervate 
and a biological system has already been demonstrated. The first part of the typical 
curve describing the opening action of normal fa t ty  acids on the coacervate is namely 
reflected in the curvatures shown by these acids in the pea test (VELDSTRA, 1947). The 
relative figure is reproduced here once more (Fig. 8). 

This parallelism, though already indicating that some biological system reacts 
comparably with the coacervate, does not yet furnish, however, such decisive arguments 
for the present discussion that  it allows a choice in the above-mentioned sense. As 
outlined on page 280, it must moreover be taken into consideration that  with these 
effects of the fat ty acids in the pea test still other factors than those of primary impor- 
tance for a normal physiological reaction may play a r61e. For this reason the relations 
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found are more significant for a discussion on the type of action than for one on its 
localization. 

For the latter purpose it seemed to us that the border tissue of the red beet (Beta 
vulgaris rubra) would offer an attractive possibility. This object has already been used 
previously to study the action of compounds on the plasmic boundaries. If such an 
action takes place, causing disturbance of the semi-permeability of endo- and ecto- 
plasmic membranes, the colouring matter---contained in the vacuole---can leave the 

ca 

,q 
o 

number of 
carbon atoms 

ture in the pea test 
l t r a t i o n  
5" xo--s mol,/l 

t 4 - t O :  to  - $  mol/l 

Fig. 8. T u r g e s c e n t  (opening) ac t ion  on the  o lea te  coacerva te  and  g rowth  ac t i v i t y  in t he  pea tes t  of 
no rma l  f a t t y  ac ids  

cell and may be determined in the medium (cf. e.g., GA.UMANN et al., r947). This method 
has been used more incidentally than for systematic investigations and it seemed 
attractive to study whether it could be made suitable for the comparative investigation 
of series of compounds. 

The  m e t h o d  adop t ed  was as  follows: 
Cyl inders  (d iamete r  xo mm)  were p repared  f rom t he  bee t  by  m e a n s  of a su i t ab le  cork-borer  

and  f rom the se  Io d isks  ( th ickness  3 mm)  were cu t  s i m u l t a n e o u s l y  by  m e a n s  of coupled razor  b lades .  
The  d isks  were r insed  in dist i l led wa te r  un t i l  t he  colovring m a t t e r  of  t he  d a m a g e d  cells had  been  
removed ,  a f t e r  which  t h e y  r ema i ned  i n dist i l led wa te r  for one hour .  Af te r  r ins ing  aga in  to r e m o v e  
a smal l  res t  of tree colour ing m a t t e r ,  xo disks  were p u t  in to  E r l e n m e y e r  flasks con t a in ing  5 ° m l  
of a so lu t ion  of t he  c o m p o u n d  to be inves t iga ted .  For  one ser ies  t he  d i sks  ( ioo - i2o)  f rom one bee t  
were used a n d  if some  difference was observed  as  to t h e  i n t e n s i t y  of  t he i r  colour, a number of  com-  
parab le  disks,  equa l  to t he  n u m b e r  of  flasks to be filled, were se lected be forehand  and  of t he se  one  
was  p u t  in to  each  flask. T he  ser ies  cons is ted  of different  concen t r a t i ons  of t he  s ame  c o m p o u n d ,  or  
of  different  c o m p o u n d s  of t he  s ame  {molar) concen t r a t i on  and  were kep t  a t  4 -6  ° (in t he  refr igerator)  
or  a t  room t e m p e r a t u r e .  

The  colouring m a t t e r  leaving  t he  ceils was d e t e r m i n e d  by  m e a s u r i n g  t he  colour i n t e n s i t y  of 
t he  so lu t ion  a f t e r  su i t ab le  in t e rva l s  by  m e a n s  of a photo-e lec t r ic  color imeter  (Colorimeter  " O b j e c t a " ,  
BLItEKER, Utrech t .  equ ipped  wi th  m o n o c h r o m a t o r  and  two pho to  cells) u s ing  green  l igh t  ( m a x i m u m  
5000 A), aga in s t  b l anks  cons i s t ing  of xo d isks  i m m e r s e d  in  t h e  so lven t  only .  T h e  l imi t  va lues  for t he  
absorp t ion ,  r eached  w h e n  to ta l  d iscolora t ion  occurred in  a series,  p roved  to be r a t h e r  cons t an t ,  
i nd i ca t i ng  t h a t  t h e  disks,  se lected as  men t i oned ,  a lways  con ta ined  a fair ly c o n s t a n t  a m o u n t  of  co- 
Iour ing m a t t e r ,  as  was s h o w n  also by  r u n n i n g  dupl ica tes .  

D u r i n g  t he  t e s t  (usual ly 22 hours)  t he  b l anks  (in dis t i l led water ,  s o m e t i m e s  in x2 % alcohol) 
r e m a i n e d  prac t ica l ly  colourless  or  showed b u t  a s l igh t  colorat ion.  

I t  was observed  t h a t  t he  PH in t he  m e a n  sh i f ted  0. 5 un i t s  towards  t he  acid side.  In  c o m p a r i n g  
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ser ies o f  c o i l l p o l l n d s  s i m u l t a n e o u s l y  t h i s  e f fec t  ( i t i i s ( s  i i( i  t r t n l l ) hL  ]l~lw~ v( r. l}ult~ r m~luti~)ns ,~,ult[ 
n o t  tw I lsed,  a s  t h c i r  (o l l s t i t l lCr l i s  infltlt n c ( d  lilt '  tcsl: in till u i l f i tvinlr ,  il)le \ v a \ .  Ill ,i fill'till l Mli~lv ,)1 
t h e  I)eet  t e s t  t h e s e  o b s e r v a t i o n s  \\ 'ill l)c ; i n a h ' s c d  n : o r c  in ( hq :d l .  

First of all the series of fatty acids, 
was investigated (set.' Fig. 9)- 

Unfortunately this could not be done 

7 1  ! , i I 
~, I ,. I ' ' I . , ' ~ ! 
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F i g .  9. B! te t  t e s t .  N o r m a l  f, l l t y  a c i d s  (C,~-( 'n) 
I ,  I I ,  I l I ,  IV,  V :  a f t e r  2 .5 ;  4 .5 ;  6 .5 ;  12. 5 a n d  
22 h o u r s  r e s p e c t i v e l y .  (4" [°-- t  ree l [ l ,  w M e r ,  
t -.: 2o  ° C). 2 \ p p r o x i m a t i w "  m e a s u r e m e n t s  a r e  
i n d i c a t e d  b y  o p e n  c i r c l e s  a n d  d o t t e d  l i n e s  

(eL t e x t ) .  

already studied with t h e  i)loat,, com'er\-atc, 

for the whole series, because of the fact that 
the solubility of the higher homologm,s is 
too small at I)H 7. From laurie acid (C,~) 
onwards this causes opalescence or a slight 
turbidity of the solutions, interfering with 
the eolorimetric determination, so that 
measurements at the beginning of the test 
in this region can only be apt)roximativo. 
Towards the end of the test the solutions 
beconle nlore and more clear as the acMs 
are adsorbed into the bcet tissue, but only 
for laurie acid this goes so far that the 
measurements become absolutely reliable. 
Though for this reason the interpretation 
of the curves has to be given with some 
caution, as micelle formation with the 
higher homologues may interfere, they 
nevertheless iadicate that there exists a 
maximum in the same region as found 
with the oleate coacervate, so that this 
model system seems to react comparably 
with a bMogical object. And it can be 
concluded almost certainly already that 
the absence of a parallelism between the 
action of growth substances (derived from 

indole or naphthaleue) on the oleate coacerwtte and in the pea test (cf. the preceding 
paper) cannot be explained on account o[ the imperfection of tile model system. 

It would be of great importance if the form of the curves could be established 
accurately also for tile higher numbers of the series. For, considered in connection with 
the conclusions arrived at by BOOIJ AND BISNGIgNBERG DF..ION(; (1!)49) in explaining 
the form of the curve for the action of fatty acids on the oleate coacervate, the occurrence 
of a maximum in the region C~ rCv>, followed hy a minimum at ('~,~ C ~  would imticate 
that the reacting constituent of the plasmic membrane is a system built in an orderly 
manner and that the length of its lipophilic part would be comparable with that of 
oleic acid. 

It now becomes very interesting to determine the action of the growth substances 
in the beet test and to compare the effects with those on the oleate coacervate. The 
results are summarized in the Figs lO-13. 

From these figures it can be deduced: 

I. For naphthalene and indole dexivatives the action on the membranes of the 
beet runs parallel to that on the oleate coacervate, as increasing hydrogenation, or 
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Fig. xo. Beet  t es t :  Indole  acetic  acid (i.a.a.); 
Indole  propionic acid (i.p.a.); Indole  butyr ic  
acid (i.b.a.) ; Naph tha lene  acetic acid (n.a.a.) ; 
Naph tha lene  butyr ic  acid (n.b.a.) ; (to - t  tool/l; 

I z % alcohol, t = 4 ° C) 
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Fig. Ix. Beet  t e s t :  Naph tha lene  acetic  acid 
(n.a.a.) and its t e t r ahydro -  (t-n.a.a.) and  
decahydro- (d -n .a . a . )  der ivat ive  (io -2 tool/l ;  

water ,  t = 4 ° C) 
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Fig.  x2. Beet  t e s t :  Indole  acetic  acid (i.a.a.); 
a -Naph tha l ene  acetic  acid (a-n.a.a.);  fi-Naph- 
tha lene  acetic  acid (fi-n.a.a.); 2,4-Dichloro- 
phenoxy-ace t ic  acid (2,4-D); 2,4,6-Trichloro- 
phenoxy-ace t ic  acid (tri.Cl) ; (2. 5. xo -~ tool/l; 

wa te r ;  t = 18 ° C) 
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Fig.  x 3. Bee t  t e s t :  Naph tha l ene  acetic acid 
(n.a.a.) ; Phenoxy-ace t ic  acid (ph.a.a.) ; o.Chlo- 
rophenoxy-ace t ic  acid (o.C1); p .Chloropheno-  
xy-acet ic  acid (p.CI); 2 ,4-Dichlorophenoxy- 
acet ic  acid (2,4-D); (2.5-1o - s  tool/I; water ,  

t = 4 ° C) 
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lengthening of tile side chain results in increasing liberation of the colourillg m~tttcr. 

2. The higher the activity of these compounds i~ the pea test (pl:tnt gr,,wth ~t<'tivi- 
ty), the weaker their effect on the beet membranes. 

3. The action of indole derivatives in the beet lest is decidedly wt.~tk~:r thorn that 
of the comparable naphthalene eompoun-ls, on the other hand it is a well-known fact 
that ('specially with the butyric acids the indol, derivative exhibits tht: strongost 
growth activity. 

4. The activities of the different compounds in the beet test reflect very well their 
phytotoxici ty as already known from the study of their effects on parts of plants or 
intact plants (rooting of cuttings, inducing parthenoearpy, etc.). This is very evident 
if one compares indoleacetic acid < naphthalene acetic acid < 2,4-diehlorophenoxy- 
acetic acid. 

5. Phenoxy-acetic acid, and its chlorinated derivatives on the whole, affect the 
membranes more strongly than e.g., naphthalene acetic acid. 

In this series not only the actions on the coaeervate (Fig. 14) and in the beet test 
run parallel, bu t - - in  contrast with that of naphthalene and indole de r iva t ives - the  

,, physiological activity (exhibited at low concen- 
trations) also increases in the same sequence. 
Moreover their herbicidal effects (in higher con- 
centrations) show the same course. 

05 I ~ 
m.l~ol 

Fig. 14. Oh'ate coacervate. Shifting of 
the KCl-curve (ordinate) under influ- 
ence of phenoxy-acetic acid (ph.a.a.), 
o.chlorophe noxy-acctic acid (o.C1), 
p.chlorophenoxy-acetic acid (p.C1), 
2,4-dichlorophenoxy-acetic acid (2, 4- 
1)) and 2,4,6-trichlorophenoxy-acetic 

acid (tri-Cl) 

These results give rise to the following con- 
siderations: 

In the series of naphthalene acetic acid and 
its hydrogenated derivatives or naphthalene and 
indole acetic acid and their homologues the highest 
physiological (growth) activity is found at the 
beginning of the series, indicating that here the 
proper balance between lipophilic and hydrophilic 
parts of the molecule, required for maximal 
activity, has already been reached. Increase of 
the lipophilic character, by hydrogenation of the 
nucleus or lengthening of the sidechain, causes 
stronger interaction with (adsorption t o ) t h e  
protoplasmic membranes and on the whole a 
diminished growth activity. 

Starting with the weakly active growth sub- 
stance phenoxy-acetic acid with too weak a 
lipophilic character, increase of the lipophilic part 
(by introduction of chlorine atoms) is followed 
by increasing interaction with the membranes, 
but now also by an increase of ttle growth activity 
up till 2,4-dichlorophenoxy-acetic acid, where the 

proper balance is reached. For, if one more chlorine-atom is introduced, the activity of 
the resulting 2,4,6-trichlorophenoxy-acetic acid in the pea test proves to be .greatly 
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diminished (cf. Fig. 6) whereas the activity in the coacervate as compared to that  oi 
2,4-dichlorophenoxy-acetic acid has still increased. See Fig. 14. 

So from the dichloro acid onwards the same divergence between biological object 
and model system is encountered as that  found with the naphthalene and indole series 
discussed above. 

In the same sense it can be understood that  chlorination of naphthoxy-acetic acid 
' t o  2,4-dichloronaphthoxy-acetic implies an "overpowering" of the lipophilic "weight"  
and consequently together with increasing interaction with the coacervate a diminished 
growth activity. 

I 
• ¢ ~ C l O OC l.I ~ . ¢O(Ya 

Y L 

Fig. 15. Schematic representation of the balance between hydrophilic and lipophilic parts of the 
molecules in the series : A. Phenyl acetic acid, naphthalene acetic acid and its hydrogenated deriva- 
tives and homologues; B. Phenoxy acetic acid and its chlorinated derivatives. 

The HL-balance is brought into relation with the physiological activity (in the pea test). The most 
favourable value in this sense (maximal activity) is indicated by a horizontal position. If the hydro- 
philic carboxyl group or the lipophilic part dominates, the position becomes an inclined one, with 
as extremes vertical positions (physiologically inactive), caused either by total dominance of the 
carboxyl group (compound is too water soluble) or of the lipophilic part (compound is too fat soluble). 

Most likely the conclusion arrived at by TE~PLEMAN AND SEXTON (1946) in their 
studies on the differential effect of synthetic plant growth substances: "chlorination of 
the phenoxy compounds generally appears to increase their activity, whereas this is not 
so for chlorination of the naphthoxy compounds", can be explained on the same grounds. 

In our opinion all these facts fit into the same scheme, the value of the balance 
between lipophilic and hydrophilic parts of the molecules being the decisive magnitude 
(of. VELDSTRA, 1949). And it wholly depends on the starting points whether I3arallelism 
for activities with the biological object (pea test) and in the model system (oleate coacer- 
vate) is observed or not. 

These relations are represented once more in a schematic form in Fig. I5. 
We believe that  from this point of view also the higher physiological activity of 

indole butyric acid as compared to that  of naphthalene butyric acid may  be understood. 
Of these two ring systems the indole nucleus has a considerably weaker lipophilic 
character than naphthalene (derived from the difference between their condensing 
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actions in the oleate coacervate; compare also H.\VlN(;A, VEI.I)STRA, I()4~S ). l ;o r  this 
reason the size of the lii)ophilic side chain can t)e somewhat longer when att;tclwd to 
indole than when coupled with naphthalene before the maxinmm balance with regard 
to the hydrophilic citrboxyl group is reached, and thereafter the t)hysiological activity 
decieases. Of course we realize that in these considerations another important factor is 
neglected, namely the influence of e . g . ,  introduction of chlorine atoms or of lengthening 
of the side chain on the position of the carboxvl gr.)u I) with respect to the ring system. 
Before c . g . ,  dipole moments of suitable derivatives will have been determined this factor 
cannot be analysed further, howcvel'. 

The i,nportance, of the IlL-balance of an amphit)atic coml)otmd to its behaviour 
in a certain system could be clearly demonstrated in the series of di-alkyl acetic and 
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Fig. I~,. ( )Da te  c(mcervate .  Sh i f t ing  of the  
KCI-cnrve (ordinate)  u n d e r  the  inf luence of 
d i -n-alkyl  acet ic  ac ids  (e . . . .  *) and  of di-n- 
a lkyl  malonic  ac ids  (o . . . . .  o) (cmlccntra t ions:  

5" IO--I mol~'l) 

di-alkyl malonic acids respectively, by deter- 
mining their effect in the oleate coace,vate 
(see Fig. lff~). 

As to the acetic acids, up to di-n- 
hexyl acetic acid the swelling effect increases 
(paralM with increasing adsorption into 
the micelles). Though the adsorption of the. 
higher homologues increases still further, 
the swelling effect diminishes from that acid 
onwards as now the lipophilic "weight"  of 
the aliphatic chains predominates more and 
more over the hydrophilic earboxyl group. 
Even so that between x 7 a n d x  ~ 8 t h e  
effect becomes a condensing one, steadily 
increasing by lengthening of the chains. 
Introduction of two -CH 2- groups thus 
causes a reversal of the effect and possibly 
the often noil-elucidated r61e of -CIt  a 
groups in physiologically active compounds 
may be understood in this sense, as con- 
tributing to the proper tIL-balance. 

In principle the curve for the di-alkyl 
malonic acids is of the same form as that nf 

the acetic acids, but has shifted quite markedly to the swelling side and to the right. 
This means that  at the same value of x (for x ~> (~) the swelling effect of the malonic 
acids is stronger than that  of the acetic acids and that the influence of increasing lipo- 
philic character becomes perceptible " later" ,  v i z . ,  at a higher value of x. Obviously 
this is caused by the introduction of another carboxyl group, by which the hydrophilic 
"weight"  is doubled. 

Quite clearly the action in the oleate, both in a quanti tat ive and in a qualitative 
sense, is governed by the HL-balance of these acids. 

If one tries to imagine why increasing the lipophilic character of a compound 
be.yond a certain limit causes a decreasing physiological activity, in our opinion the 
results obtained with the beet test may offer a plausible explanation, namely that  th( 
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interaction with (adsorption to) the protoplasmic membranes then becomes too strong. 
If indeed, as already suggested in the preceding paper, the primary reaction takes place 
in the protoplasm, too strong an adsorption to the membranes might prevent the at- 
taining of the concentration (within the protoplasm) required for maximum activity. 
Furthermore too strong an interaction, with as a possible consequence, too strong an 
opening effect on the membranes might disturb the normal (physiological) equilibrium 
between the protoplasm and the outside of the cell. It is even imaginable that the latter 
effect is partly responsible for the herbicidal action of 2,4-dichlorophenoxy-acetic acid 
(for this purpose used in concentrations up till 5' lO-3 mol/1), which compound, as shown 
in the beet test, has a strong affinity for the membranes. In that case the well-known 
selectivity of this action ,as expressed by the far more greater toxicity for dicotyledonous 
than for monocotyledonous plants, a.o. might be connected with differences in.compo- 
sition and consequently in reactivity of the plasmic membranes. As to the selectivity 
in action of this type of compounds we truly are inclined to attribute quite generally 
decisive importance to the relation between HL-balance of the active compound on the 
one side and the composition of the system on the other side (cf. also VELDSTRA, 1944, 
page 154 under 3). 

It  now also becomes necessary to revise the view, expressed previously, concerning 
the inhibiting action of growth substances, if applied in excess, namely that this would 
be caused by a condensing action on the membranes. In the oleate coacervate only 
opening actions were observed, secondly they never changed to condensing ones when 
the concentration of the growth substances was increased. Therefore, also in connection 
with the experience in the beet test, it seems more likely now that in the inhibition at 
higher concentrations rather too strong an opening action plays a r61e. On a closer 
examination this is more plausible too, when considered from a colloid chemical point 
of view. Of course this does not exclude the possibility that in the growth inhibition by 
other types of compounds, such as the neutral coumarin or related lactones, such 
condensing actions are of importance. More probably, however, as with the growth 
stimulating action, the inhibiting one can neither be explained solely by these membrane 
effects. This appeared from the fact that the blastocholine activity in the series of indo- 
le-or naphthalene acetic acid and its hydrogenated derivatives decreases just like the 
growth activity by lengthening of the side chain or by increasing hydrogenation. 

And so we must conclude that the view expressed before concerning the localization 
of the action of the growth substance has certainly been connected too one-sidedly 
with the membranes. 

According to the results obtained with the oleate coacervate and in the beet test 
the interaction with the membranes may certainly occur and, moreover, is of the type 
that answers expectations. But it is quite certain now that in the starting hypothesis 
concerning growth substance action the importance of this interaction has been over- 
estimated and that it does not constitute the "primary reaction" itself, which will 
more probably be found in the cytoplasm. The membrane effect, however, can influence 
this primary reaction in a quantitative sense and will be responsible to a large extent for 
the difference in activity in a series of related compounds. In this way it implies a form 
of selectivity. 

This view leads to the following considerations: 

Case A. Of the amount of a highly active growth substance (naphthalene acetic 
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acid) added to a l)iological system part will be adsorbed to the cndo- and cctophtsnlic 
membranes (and possibly onto other interfaces outside the cytol~lasm ) and part will 
act within the cytoplasm (primary growlh reaction), both parts being in dVllamic 
equilibrium with each other and with the molecules present in the vacuole and outsidt. 
the cells. 

Case B. If to tile same system be added a derivative of naphthalene acetic acid with 
increased lipophilic character, and consequently of higher interface activity." (e.g., 
naphthalene butyric acid or decahydro naphthalene acetic acid) in tile same molar 
concentration, within a certain course of time a glcater part  will be adsorbed to the. 
plasmic membranes,  etc. Therefore a smaller amount of molecules will be available for 
the pr imary reaction, causing a weaker growth-response, than in the case of A. "fhc 
stronger the affinity for the membranes, the weaker the growth effect will be. (naphthalene 
butyric acid: weakly actiw.', decahvdro naphthah,ne acetic acid: practically inactive). 

If this schematic representation touches the essence of the growth substance action, 
it should be possible: 

I. To obtain the same growth effect as in A with a lower concentration of naphthalene 
acetic acid, if a compound as used in B is added too. Because of its higher interface 
act ivi ty flae B-compound will be preferentially adsorbed to the membranes and con- 
sequently of the lesser amount of naphthalene acetic acid (as compared to that  in A) 
enough still remains available for the pr imary reaction. The B-compound will be the 
more effective in this sense, as its growth activity is lower. 

Such a mixture of "underdosed" highly active growth substance and a supple- 
mentary  quant i ty  of a weaker active or nearly inactive compound should equal the 
max imum effect of the growth substance alone, even if the total number of molecules 
is smaller, as for a comparable "occupation" of the membranes, etc., a lesser amount of 
a higher interracial activity compound will be sufficient. 

2. The activity of a weakly active substance as mentioned in Case B (weakly 
active because of too strong a lipophilic character) should be enhanced in the presence 
of a related compound with still higher interface activity. The first-mentioned substance 
then will be displaced from its adsorbed state and become available to a higher degree 
for the primary reaction. (The proportion of the interface activity can be derived from 
the results obtained with the oleate coacervate or in the beet test). 

Both suppositions could be substantiated by assaying mixtures of the required 
composition in the pea test (cf. Figs 17, 18, 19). 

So it proves to be possible to obtain a maximal effect with a sub-maximal concen- 
tration of e.g., naphthalene acetic acid by the addition of the less active naphthalene 
butyric acid or of the inactive decahydro naphthalene acetic acid in quantities which 
exhibit only a very weak or no activity of their own. Even if the concentration of naph- 
thalene acetic acid is lowered to one tenth or one fourtieth of that  normally used, maxi- 
mum activi ty can be attained. Fig. 18 shows that  maximal activity can be reached with 
half the quant i ty  of the molecules required for naphthalene acetic acid if used alone. 

The normal fat ty  acids of which the molecular size corresponds with that of naph- 
thalene acetic acid ias e.g., undecanoic acid (XXII I )  and dodecanoic acid (XXIV)] also 
show this enhancing effect, though to a less extent. 
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Fig. 17. Pea test. Synergistic actions. 

x. Naphthalene acetic acid, from 1. to r . : 4 ;  x ; O.,l; o . i .  io -li mol/l  
2. Naphthalene butyric  acid . . . . . . . . .  : 4 ; 2 ; I ; o. 4 ; o. t .  to -~ mol/l 
3. Naphthalene acetic acid . . . . . . .  : { '  { ° .4  { ° . t  .lo-=6mol/I 

Naphthalene butyric  acid . . . . . . . . .  : 2 2 

4. N a p h t h a l e n e b u t y  r icac id  . . . . . . . . .  : { 4  { z  1 ,  {0 .  4 {4" '  " I° - 'Sm°lf l  
Di-n-amyi-acetic  acid . . . . . . . . .  : 4 4 4 

x 2 

Fig. x8. Pea test. Synergistic actions. 
I. Naphthalene acetic acid, from 1. to r. : 4 ; x ; o. 4 ; o.t-  xo-b mol/l 
, .  Naphthalene acetic acid . . . . . . . . .  , { ~  { :  {o .  4 { o . ,  . i o - ' m o l / l  

Decahydro-naphthalene acetic acid . . . . . . . . .  : 2 

Re ferences  p .  3 r x / 3 z 2 .  
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I 2 
Fig. ii~. PC;t t('~. Synergistk ;tt tions. 

I. Naphthalene acetic acid, from I. to r. : 4 ; I ; o~. t ; o.t • Io -s mol,q 
2. m~phtha Ient, ,3.cct ic i'l.cid . . . . . . . . .  2 { 4 { , { o.4 { (:.i . io_~5 11;1}1/1 

Di-n-amylacetic acid . . . . . . . . .  : .t .I 

H3C. (Ct ti)..COOH t I~C. (el t2) lo.COO H 
XXIII  XXIV 

CO011 N I  I., 

I I 
I laC - -  (CH~) i - -  C--- (CH2)4.CI t a 1 t3C - -  (C112) i - -  C - -  (Ct f2)4.Ct I s 

t t  t I  

XXV XXVI 

If the  ca rboxy l  g roup  is m o v e d  towards  the  cen t r e  of the  ca rbon  chain ,  a n d  the  
molecules  of the  f a t t y  acid t h u s  a s sume  the  form known  to be r equ i r ed  for m a x i m a l  

a c t i v i t y  as a w e t t i n g  agen t  or p e n e t r a n t  (WILKES, WICKERT, 1937; HARTLEY, 194I ;  

it 
1011 

. . . . .  . . . . . . . . . . . . . . . . . . . . . .  

J 

.O.O-O. i 

- i 

°0 , 12 -~8 . . . .  2o ...... . . .  
Time m hours 

Fig. 20. Beet test. Di-n-amylacetic acid (d.a.a.a.) 
l:ndccanoic acid (u.a.) ; 6.Amino-undecane (a.u.) 

(8. io -4 tool/l; water; t --" 2o ° C) 

R e f e r e n c e s  p .  3fI/312. 

PRICE, I946 ), the  r e su l t ing  d i -n -amylace t i c  
ac id  (XXV)  proves  to be a ve ry  p o t e n t  

ac t iva to r ,  (cf. Figs 17, I9), t hough  its 
a c t i v i t y  in the  bee t  test  is even  weaker  
t h a n  t h a t  of u n d e c a n o i c  acid (of. Fig. 20) 
a n d  i ts  a c t i v i t y  therefore  c a n n o t  be ex- 
p l a ined  b y  an  u n u s u a l l y  e n h a n c e d  af f in i ty  
for the  m e m b r a n e .  

So wi th  these  f a t t y  acids,  w h i c h - - i n  
the  c o n c e n t r a t i o n s  u s e d - - a r e  comple te ly  
inac t ive  as g rowth  subs tances ,  the  p roper ty  
to act  as synerg i s t s  seems to be connec t ed  
wi th  a ce r t a in  spa t i a l  s t ruc tu re ,  in a cer- 
t a in  sense qu i t e  c o m p a r a b l e  wi th  t h a t  
de r ived  p r ev ious ly  for the  h igh ly  ac t ive  
g r o w t h  s u b s t a n c e s  proper .  

In  fact,  d i -n -amyl -ace t i c  acid is a 
h igh ly  ac t ive  " i n t e r n a l "  w e t t i n g  agen t  in 
r e l a t i ve ly  low c o n c e n t r a t i o n s  for e.g., pea  
s t em tissues, as these r ap id ly  become 
t r a n s p a r e n t  when  be ing  e m b e d d e d  in a 
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solution of it. The uptake of water under the influence of compounds of this type is at 
the moment the subject of a separate investigation. 

In this connection the question arose quite logically whether wetting agents in 
general, if showing high activity in the beet test, would be able to enhance the activity 
of sub-maximal concentrations of growth substances. This proved not to be the case, 
e.g., for the types mentioned on page 280. 

I t  was very interesting to find that 6-amino-undecane (XXVI) which is still more 
active in the beet test than the corresponding acid (cf. Fig. 20) does not show the en- 
hancing effect either (cf. Fig. 21). So the carboxyl group, as with the growth substances 

I 

3 
Fig. 2x. Pea test. Synergistic actions. 

I. Naphthalene acetic acid, from 1. to r.: 4; i ; 0.4; o.i. io -~ tool/1 
2. Naphthalene acetic acid . . . . . . . . .  : { -  {x {°'4 { °'I " I ° - ' s m ° l / 1 4  4 4 4 

. ' .  , ,  

3. Naphthaleneacetlcacld6.Amino.undecane.HCl, . . . . . . . . .  ,. : { - { I  {4°' { 4 " I ' I ° - 6 m ° 1 / 1 4  4 4 

proper, apparently has a specific function. The results of investigations with several 
types of carboxylic acids will be published in a separate paper. In connection with the 
present discussion we will only mention that it was found that acids generally show the 
enhancing effect if, as compared with the highly active growth substances, the lipophilic 
character has increased and the molecular size is of the same order ' .  

I t  is interesting in this connection that recently TItIMANhr and BONNER (1948) 
reported about the increase of growth promoting action of low concentrations of indole 

* Patent application pending. 
References p. 311/312. 
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acetic acid by means of tri-iodo benzoic acid, practically inactive itself. The effect is 
large in the pea test, but smaller in the straight growth of Arena coleoptiles and in the 
standard Arena test. We will discuss these results more extensively in the abov~- 
mentioned paper. 

It will be attractiw' to study whether this type of synergistic action of structural 
analogues will be of importance in other cases, also because of the fact that up till now 
antagonistic effects have been emphasized practically exclusively in the study of the 
action of structural analogues (cf. VELI)STI~A, 1948 ). 

When surveying once more the data obtained in the present investigations one 
arrives in our opinion at the conclusion that in the action of growth substances two 
phases can be distinguished, namely one concerned with adsorption to protoplasmic 
membranes, etc., and one constituting the primary growth reaction proper, most proba- 
bly proceeding within the protoplasm. 

For the latter supposition further arguments were found in the behaviour of the 
neutral compounds naphthalene acetaldehyde (XXVII) and tryptophol (XXVIII) in 
the pea test. 

CHvCHO 

XXVI [ X XV] I I 

The aldehyde proved to be nearly as active as naphthalene acetic acid, whereas 
the alcohol only showed a small effect (cf. LARSEN, 1947, who already investigated 
these compounds in the Avena test). But in both cases the action was distinctly more 
rapid than that of naphthalene acetic acid. If an essential part of the growth reaction 
does take place inside the cell, this difference in reaction velocity may be explained in 
a plausible way, namely by a more rapid permeation of the neutral compounds as com- 
pared to that of the analogous acids. (Inside the cells both compounds are very probably 
oxidized to the acids). 

As to the membrane effect, from the results with the oleate coacervate and also 
with the beet test it can be deduced that in a physico-chemical sense the growth sub- 
stances are apt to exert an "opening" action on lipophilic membranes, but under the 
present conditions we cannot state definitely whether this really occurs in the physio- 
logically active concentration region to the extent that this adsorption performs a physio- 
logical function or whether tbis adsorption properly speaking must be considered as a 
"waste"  with respect to the total growth reaction. The fact that, as mentioned above, 
such structural details as "wetting agent type" are apparently of importance for the 
synergistically active acids, makes us inclined for the present to the supposition that 
indeed the membrane effect is of physiological importance and that the growth reaction 
thus proceeds in two phases. From the proportions found with the activity of mixtures 
of growth substances and synergistically active acids it must be deduced then that  
by far the greater part  of the growth substance is used, in the first phase and only a 
small fraction is actually required for the primary reaction. 

In our opinion it seems very likely that  the first "phase" of the growth reaction, as 
deduced in this way, is the same as that  indicated as early as I939 by F. W. WENT as 
the preparatory reaction when he proved that  pre-treatment of the objects in the Avena 

ReJere~ces p. 3IZ/3Z2. 
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or pea test with. e.g., phenyl butyric acid or cyclohexane acetic acid (not active in the 
elongation reaction itself) increased the response of subsequently applied indole acetic 
acid. The compounds active in this respect were called hemi-auxins. In comparison 
with the compounds investigated by us phenyl butyric acid and cyclohexane acetic 
acid are but very weakly active, however, as we determined by using phenyl butyric 
acid in our tests. 

(Cf. also the concentration used by WENT for phenyl butyric acid in the pea test: 
oo 10-3 tool/l, whereas e.g., di-n-amyl-acetic acid acts with IO-S-4 • 10 -5 tool/l). 

It  was stated by WENT that indole acetic acid is active both in the preparatory 
and in the elongation reaction, but that the former reaction requires a higher concen- 
tration than the latter. So here the proportions are comparable to those we found in the 
pea test with the afore-mentioned mixtures of naphthalene acetic acid and a synergist. 

Furthermore according to WENT the preparatory reaction ("first phase") is insen- 
sitive to the PH, whereas the primary reaction itself ("second phase") is dependent on it. 
These relations could be understood if indeed the first phase is concerned in the main 
with the protoplasmic membranes, viz., with the outside of the cells, because for such 
an action one would not expect a great difference at a different PH. As the membrane 
has to be passed for the primary reaction (inside the cell), the degree of dissociation of 
the acids plays a r61e and consequently the PH of the medium will exert a pronounced 
influence. 

In their important study on the interactions of growth substances in growth and 
inhibition, SKOOG, SCHNEIDER, AND MALAN (1942) did not agree with WENT'S conclu- 
sions, as in the A r e n a  test and in the cylinder test (straight growth) inhibiting effects 
were mainly observed if phenyl butyric acid o. 

• • • ~ 

was added to mdole acetic acid; these effects,~ ~, J 
were ascribed to acompetitive action between ~ r0 
the acids. Only in the cylinder test with low 
concentrations of indole acetic acid (o.oo5~6o 
rag/l) and a relatively high concentration of 

$0 phenyl butyric acid a synergistic effect was 
observed, explained by SKOOG et al. as an 

40 
auxin-sparing action of phenyl butyric acid. 

With higher concentrations of indole 30 
acetic acid the initially occurring antagonistic 
effect (at low concentrations of phenyl butyric 
acid) is only partially compensated by in- 
creasing the concentration of phenyl butyric 
acid (cf. Fig. 2 of SKOOG et al., reproduced 
in Fig. 22). 

For this reason SKOOG et al. concluded 
that in this case it is impossible to interpret 
the effects in terms of hemi-auxin activity 
of phenyl butyric acid, as then the growth 
response of the mixtures should equal the 
optimal action of indole acetic acid itself. 

We deem it possible, however, that this 

References p. 3rI/3r2. 
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Fig. 22. Reproduction of Fig. 2 and legend 
according to SKOOG, SCHNEIDER, &ND 
MALAN (Z942). Per cent elongation of 3 mm 
long sections of Arena coleoptiles in the 
section test  with 2 % sucrose solution and 
various concentrations of indole acetic and 
phenyl butyric acids. (The numbers in- 
serted represent concentrations of indole 

acetic acid in rag/l). 
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optimal level is not reached because of the fact that with phenyl butyric acid---only 
weakly active as a synergist in our tes t - - the  toxic concentration is interfering too soon, 
and it remains to be investigated if under the circumstances of the test of GKOOC et al. 
the acids highly active synergistically described by us would not meet the re quirements 
for hemi-auxins. 

For the rest it seems to us that  the course of the curves does not procure arguments 
for a competitive action as discussed by SKOOG et al., as e.g., the relative inhibition caused 
by  o.o~ mg phenyl butyric acid/litre is smaller for indole acetic acid 0.5 mg/I than for 
indole acetic acid 5 mg/l. For a truly competitive antagonism this would have to be 
the reverse and moreover it cannot be understood how by increasing the concentration 
of the ' :antagonist" phenyl/butyric acid the inhibition is overcome. In the relation 
metabolite/metabolite-antagonist it is only known that at very low concentrations of 
the antagonist, a stinaulating action may  occur (cf. HENRY,  1943; \VOoLl.t:.V, \VItlTE, 
1943; WOOLI.EV, I94.4) and that the antagonistic effect increases with increasing con- 
centration, which is just the reverse of what is observed in SKOOG's test. 

In our opinion the aplmrcntly complex relations in the action of mixtures in ,'~KOO(;'s 
ext)eriments have not yet been satisfactorily unravelled. The discussion of these inter- 
esting observations can 1)c, pursued after the synergists, which we have described, have 
also been investigatc'd. 

For the moment  we prefer to follow the "route"  of a two-phase growth reaction, 
the more so as in one of the most important  contributions to the investigations concern- 
ing the mechanism of action of plant growth substances BUI~STR6M (1941, 1942, 1945, 
1947) has presented convincing evidence that  the cell elongation (studied with indivi- 
dual wheat root cells) proceeds in two distinct phases. During the first phase the pr imary 
wall is loosened, possibly ,lO new material being added, accompanied by increasing 
wall elasticity and turgor tension. This phase is highly temperature-sensitive, accelera- 
tion fl)llowing increase of the temperature. Nutritional conditions, however, prove to 
be of little importance. 

I n  the second phase the rate of cell elongation--slow until then--increases very 
much, so that  two-thirds or more of the total increase in cell lengths takes place in a short 
time. The turgot tension now remains constant, whereas the elasticity decreases. This 
second phase, during which oriented cellulose strands are deposited in the wall, is 
strongly influenced by the nutrient supply ; e.g., carbohydrate supply causes an extension. 

As to the influence of indole acetic acid it appeared that it accelerates the first phase, 
but that  the second phase is more or less completely inhibited. If very low concentra- 
tions of indole acetic acid are used, the retardation of cell elongation, caused by this 
influence on the second phase, is followed by a stimulation of the elongation. 

I t  now becomes most interesting to investigate whether the "phases" deduced 
from the more (physico-)chemical analysis of the problem have something to do with 
those distinguished by Bb'RSTR/SM. In this connection one will first of all have to deter- 
mine whether the acids, active synergistically in the pea test, have some typical action 
on the first and/or the second phase, as described by BURSTROM. I t  will depend on the 
outcome of these investigations* in which direction the discussions will have to be 
pursued. 

* Prof. BURSTR6M was so k iud  as  to accep t  our  proposal  t h a t  these  ques t ions  be s tud ied  in 
his l abo ra to ry  a t  a convenic, nt  tim(,. 
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Before we terminate our considerations by giving some suggestions concerning the 
mode of action of the growth substances in the cytoplasm in connection with the infor- 
mation gathered f:om our experiments, it seems useful to survey briefly the views about 
growth substance action put forward until now by different investigators and to analyse 
in what respects these views converge. 

As for the growth response by the natural auxins oxygen and carbohydrate are 
indispensable and as there is evidence that auxin action is in some way connected with 
respiration (see below) it is quite comprehensible that there still exists a very definite 
trend to deal with the auxins under the heading "co-enzymes". This means incorpora- 
tion of the auxins in the ergons, mainly belonging to the vitamin B group, of which it 
is known with certainty that they form part of prosthetic groups of redox enzyme sys- 
tems (cf. e.g., the review by SKOOG, 1947, pages 542-544). SKOOG even goes so far as 
to suggest that, because of the aerobic nature of auxin action, together with the in- 
dispensability of the double bond in the auxins and its exact position in the ring, the 
reversible saturation of this double bond may simply constitute the specific reaction 
of the auxin molecule. 

From a chemical point of view this is highly improbable, however, as the experience 
with biochemical hydrogenations (e.g., with yeast, cf. FISCHER, 1939) has shown that  
hydrogenation of the double bond is difficult when connected with a tertiary C-atom 
(both in aliphatic chains and in hydro-aromatic ring-systems) and that a,/~-unsaturated 
alcohols are not hydrogenated, in contrast to the primary ones. And even if the dihydro- 
auxin could be formed under physiological conditions, with this type of compounds 
it is rather certain that  this hydrogenation would not be reversible (required for the 
supposed physiological function) as oxidation of a cyclopentane ring-system to a cyclo- 
pentenederivate is quite unknown under these conditions. The vitamins functioning in 
a redox-system and all compounds which can replace them to a certain extent (e.g., 
methyleneblue, etc., with low negative redoxpotentials) are of a fundamentally different 
structure and from a chemical point of view there is little doubt that neither the auxins 
a and b, nor indole acetic acid and the synthetic compounds with growth substance 
action possess the redox-character required for functioning in this sense under physio- 
logical conditions. Also by studying the synthetic compounds polarographically it 
has already appeared that they are not easily hydrogenated (VELDSTRA, 1944). So in 
our opinion the "co-enzyme" conception in the chemical sense will have to be abandoned 
and we see more perspectives in trying to link in another sense the physico-ch'emical 
type of action--as deduced by one of us from the chemical and spatial structure of the 
growth substances--to the results of investigations by e.g., COMMONER, THIMANN (I94I), 
AVERY et al. (I943-I944), which indicate that auxins play a r61e in the relation growth/ 
respiration. In 1941 COMMONER and THIMANN raised the question anew whether there 
exists some relation between growth and respiration. They were unsatisfied by the 
conclusions of former investigations (K6GL et al., 1936; BONNER, I936 ), implying that  
auxin does not have ml effect on the respiration of Arena coleoptiles, whereas to their 
opinion many facts point to the existence of some relation. 

Considering Ist that inhibition of respiration by cyanides--which in the chain: 

oxygen ~ oxidase ~ carriers ~ dehydrogenase *- metabolite 

is concerned with the oxidase---causes a proportionate inhibition of growth, 2nd that,  
also in non-growing tissues respiration does occur, COMMONER AND THIMANN concluded 
References p. 3_r!/3_r2. 
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film the differentiation of the two processes had to t)c looked for in tlle dehydrog('nast. 
part  of ttle chain. For this reason they studied the effect of dehydrogenas,, ilahibitors 
on growth and found it to be an inhibiting ont.. 

Particularly iodoacetate proved to inhibit Wowth of Arena colcoptiles in solutions 
containing sucrose and indole acetic acid. This inhibition of growth is complete with an 
iodoacetate concentration of 5" IO-5 tool/1 whereas under these con(litiuns the respiration 
is only inhibited by lO%. This part  of the respiration then could be essentially linked 
to the growth process. The effect of iodoacetate could be removed by the fuur-carbon 
acid-ions lnalate and fumarate and to a lesser extei~t by succinate and l)yruvate. These 
acids may function as carriers in the chain indicated above. The acids reinforce the effect 
of indole acetic acid on growth and also the respiration if indole acetic acid is present. 
After pre-treatment of the coleoptile sections with malate or fumarate the respiration 
of these objects is stimulated by indole acetic acid, without such a pre-treatment it has 
no effect and in this respect the results of the former investigations are confirmed. As 
under these conditions the influence of indole acetic acid on respiration and the effect 
on growth parallel each other, CO.~L~ONER AND TIH.~:~NN deduced that  the (74 acids are 
involved in a respiratory system essential for growth, which constitutes only a small 
fraction of the total respiration. This particular respiratory process was considered to 
be promoted by indole acetic acid. 

ALBAUM ANI) COMMONI..'R (1941) and AI.BAU.',I AND EICHEI. (1943) found similar 
relations for growth inhibition by iodoacetate and its reversal by Cd.acids with intact 
oat seedlings. 

Recently TttlMANN AND BONNER (I948) repeated the experiments more in detail 
and could confirm the previous results. Besides the Cd.acids already mentioned also 
citrate, malonate and maleate proved to be able to reverse the inhibition by iodoacetate. 
Growth of isolated sections in a solution containing indole acetic acid (5.7" IO-6 mol/1) 
and sucrose (3" IO-2 mol/1) proved to be markedly increased if the sections were only part ly 
submerged or by oxygenating submerged sections. Obviously the aerobic condition is of 
great importance for the processes involved, and as shown by the experiments, primarily 
in the presence of indole acetic acid. The remarkable fact was established that  the sensi- 
tivity, both to iodoacetate inhibition and to the growth promoting action of the organic 
acids, augments 'with increasing age of the coleoptile from which the sections are cut. The 
authors suggest that growth is controlled by an enzyme containing free SH-groups, essen- 
tial for its activity. The concentration of iodoacetate required to effect growth inhibition 
is presumed to be a measure for the concentration of the enzyme. According to the 
authors the amount of this enzyme (per unit length of the coleoptile) would then decrease 
with increasing age and its effective concentration would be. enhanced by oxygen. As to 
tile latter conclusion it seems difficult to us to imagine how the effective concentration 
of an enzyme, for tile action of which free SH-groups are essential, can be enhanced by 
oxygen supply. And we are inclined to ask whether it would not be more plausible to 
suppose that oxygen is required for the functioning of the. enzyme leading to a growth 
response. Though of course many other questions still remain unanswered these clear- 
cut experiments will certainly contribute a great deal to the solution of the problem of 
growth snbstance action. 

The more so if they are connected with the investigations of BERGER AND AVERY 
(1943, 1944) who studied the influence in vitro of synthetic growth substances on dehy- 
drogenase systems of the Avena coleoptile. The action of cell-free extracts containing 
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these enzymes was not influenced by growth substances, but if the enzyme extracts were 
prepared from coleoptiles, pre-treated with indole acetic acid, particularly the action 
of the extract containing the alcohol dehydrogenase was enhanced as compared with 
that  of the controls. For other dehydrogenases a similar effect was not found or only 
to a lesser degree. This is a very interesting observation, as among the dehydrogenases 
the alcohol dehydrogenase is by far the most sensitive to iodoacetate. Thus the authors 
are led to consider auxin action as an activation of an enzyme. As activation has to be 
relative to a constant amount of the enzyme and it is not certain that the conditions 
of the experiment meet this requirement (in our opinion an enhanced extractivity of 
the enzyme may play a r61e as well) this conclusion, though highly alluring, cannot 
yet be definite on account of these experiments. It  seems to us, however, that continua- 
tion of this type of experiments is of the utmost importance to the study of growth 
substance action. Particularly as in this way we may expect to receive an answer to the 
question whether growth substances are concerned with the energy consuming processes 
of the uptake of sugar and water by the cells. The question was put in this way by 
FREY-WYSSLI~CG (1947) in a discussion on the biochemistry of cell elongation (ci. also 
FREY-WYSSLING, I945), after having given as his opinion that during elongation not 
only the intake of sugar (opposite to the diffusion gradient and therefore requiring energy 
(ARISZ, 1939, I945), supplied by the respiration) but also that of water takes place with 
consumption of energy. In this connection it will be of great importance to follow 
FREY-WYsSLING'S advice not to relate respiration to coleoptiles or cells but to the 
quanti ty of protoplasm, as the cell walls and the contents of the vacuole do not consume 
oxygen. 

This question greatly interests us as the peculiar relation between the structure of 
the growth substances (particularly.also in a spatial sense) and their activity as deduced 
from our investigations made us consider them apt to perform a function related with 
water- and sugar-uptake. Certainly this view was at first connected too one-sidedly 
with membrane effects, but also for the action taking place in the cytoplasm one has 
to ask whether this relation structure/activity may procure a lead. 

There are already many indications from other investigations that growth substance 
action is in some way or another related to the uptake of water and sugar by the cells. 
COMMONER et al. (1942, 1943) studied the absorption of water by potato slices and found 
that  this was stimulated by indole acetic acid, as already stated before by REINDERS 
(1938). This led to the conclusion that the effect of growth substances on cell elongation 
largely consists of a regulation of water absorption, probably by influencing the ad- 
sorption of osmotically active salts. 

VAN OVERBEEK (I944), critisizing these experiments because of the fact that they 
were not performed under aseptic conditions and because REINDERS (1938) had already 
found that increased uptake of water also occurs in distilled water, repeated them, 
taking these facts into consideration. Also under aseptic conditions indole acetic acid 
and naphthalene acetic acid proved to induce increased uptake of water, both in distilled 
water and in mannitol or sucrose solutions. 

As the expressed sap of tissues treated with growth substances (the method used 
implies that the cells are crushed) possessed a lower osmotic concentration than tha t  
of non-treated tissues, VAN OVERBEEK concludes that the enhanced water uptake of 
the cells induced by growth substances can be due to a decreasing wall pressure only 
or to an increase in non-osmotic water uptake, or to both. 

Referemes p. 3II[3T2. 
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SHOWACRE AND DUBUY (1947) arlived at similar conclusions in studying the rela- 
tion of water availability and growth substances in the growth of Ave~ta coleoptiles. 
One of the most interesting results is that although oxygenation does not have any 
considerable influence on the growth of submerged sections in the absence of growth 
substances, a differential effect occurs in the presence of growth substances, the sections 
in the aerated solutions then showing increased elongation as compared to those in 
solutions with inadequate oxygen supply. As the authors state: "Oxygen becomes a 
limiting factor only when solutions which are not aerated are used in conjunction with 
factors favouring maximal growth, such as the addition of growth substances". 

So here once more growth substance action is linked to oxygen consumption. 
KELLEY (I947), investigating relationships between respiration and the uptake of 

water in the oat coleoptile, also provides evidence for the highly aerobic character of 
the growth, using the uptake of water as a measure. Several inhibitors known to inhibit 
carbohydrate metabolism in animal tissues also proved to inhibit the water uptake of 
coleoptile segments as well as the absorption of oxygen (respiration). Both processes 
were inhibited simultaneously and in the same concentration range. The stimulation of 
respiration and of water uptake by indole acetic acid is parallel to its stimulation of 
growth; uptake of water proved to take place under aerobic conditions only. 

In tissue cultures of carrot and topinambour in media without sugar GORIS (~947 a) 
observed that absorption of water by the tissues was enhanced in the presence of indole 
acetic acid. In the same media the decrease of the sugar reserve in carrot tissue was found 
to be intensified by the addition of indole acetic acid (GoRIS, 1947 b), particularly in 
the autumn, during which, probably in contrast to the situation in spring, the auxin 
content of the carrot tissue itself is low. 

According to analyses by SUKHORUKOV ann SEMOVSKIKII (~946) the lower parts 
of normal coleoptiles contain more sugar than the higher ones. By application of growth 
substances these differences were found to become less pronounced, indicating that 
growth substances facilitate the diffusion of sugar in to the tissue. 

In this connection it seems interesting to quote finally two papers concerning the 
action of 2,4-dichlorophenoxy-acetic acid on the germination of seeds and on the growth 
of different micro-organisms. 

HSUEH .aND LOU (1947) studied the germination of barley, a typical aerobic seed, 
and of rice, known to be able to germinate anaerobically. The germination of barley 
could be completely inhibited by a treatment with solutions of 2,4-D (e.g., o.o7% ) 
whereas under the same conditions that of rice was only delayed. Similar effects were 
obtained by keeping the seeds under anaerobic conditions. So 2,4-D treatment seems 
to create a situation where oxygen is no longer available to the seeds. Also with other 
seeds this equivalence of anaerobic conditions and 2,4-D treatment could be established. 
Gas exchange analysis by means of the Warburg technique also indicated clearly that 
the seeds treated with 2,4-D cannot utilize very well oxygen in the air during germina- 
tion and must find another source (e.g., fermentation) for energy supply. Rice possessing 
a highly functional fermentative mechanism meets the latter requirement and is there- 
fore rather insensitive to 2,4-D, whereas the germination of barley, the seed of which 
lacks such a mechanism, is inhibited. 

These investigations induced WORTH AND McCABE (1948) to determine the effect 
of 2,4-D on aerobic, anaerobic and facultative anaerobic micro-organisms. Their results 
can be summarized as follows : Those organisms which require free oxygen for respiration 
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are--as  the authors express i t - - " smo thered"  by 2,4-D; so they react in a manner 
similar to the barley seeds. If the organisms are capable of anaerobic respiration only, 
they are not affected by 2,4-D to any significant degree. 

Though in both cases inhibitory actions mainly have been considered, the inter- 
esting results clearly have a bearing upon the problem under discussion, the more so 
as with very low concentrations of 2,4-D stimulating actions were observed with the 
seeds as well as with the micro-organisms. 

All these data, to which still more could be added, indeed strongly suggest that in 
some way or other there exists a relation 

growth substance action / a particular fraction of respiration (oxygen absorption, cf. 
aerobic character of growth) / water uptake / sugar transport / changes in the 
properties of the cell wall. 

We are not yet informed, however, about the question whether all these functions 
are linked up in a series (in which case their exact sequence is not known either) or if 
they are partially linked up in a parallel sense. And so we do not know where the relation 
between the functions is of a primary or only of a secondary character. 

To diagrammatize the situation still more roughly once more, we may state that  
for growth to occur 

A. nutritive matter  and water has to be supplied to the cells, implying passage of 
membranes, 

B. inside the cell (cytoplasm) chemical processes under enzymatic regulation must 
proceed and products of these reactions have to go the way back--passing the 
barriers again--to be deposited in the walls, which 

C. in the meantime already must have been modified as to some of their properties. 

In the beginning growth substance action has particularly been connected with C. 
Then one of us thought that A was the more important "site of action", but now we 
know that both views have certainly been too one-sided and in our opinion there is 
sufficient evidence that the so-called primary reaction is "covered" by B. So growth 
substance action would rather be many-sided, being connected with B as well as with 
A and C. (As to the effects of growth substances on the membranes (A) the investiga- 
tions of KONINGSBERGER et al. concerning the influence of growth substances on isolated 
protoplasts are of great importance (cf. KONINGSBERGER, 1947, 1948 ). 

The results of our investigations described in this paper (cf. page 298 ) induce us to 
suppose that  a rather considerable fraction of the growth substance (including the part  
"wasted" by aspecific adsorption) plays a r61e in A and that, properly speaking, for 
this function (concerning penetration) the highly active growth substances are not the 
most suitable compounds, but could better be replaced in a certain sense by the syner- 
gists described earlier in this paper. As to C, we must first of all await the results of the 
investigations referred to on page 300 in connection with the studies of BURSTR/SM. 

The relatively small fraction acting in B most probably causes the kind of response 
which is the most specific for the highly active growth substances and it remains to be 
elucidated which is the exact function in the cytoplasm and what is the meaning of the 
particular spatial structure--rem'mding of that of a wetting agent or penetrant--which 
we found to be characteristic for the compounds with maximal activity. 

As to the function in the cytoplasm, from the investigations discussed on page 3Ol 
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4 

it may be deduced with a high probability that enzymatic processes ate invoh'c(1 
(cf. also SWEENEY, TmMANN, 1942; WILDMAN, BONNER, 1946; |3ONNER, \VILDM.\N, 
1946 ). As we had to reject the point of view that the auxins are part (prostethic group) 
of an enzyme, or to express it in other words art,. acting in an enzyme, the remaining 
possibility is that they are acting on an enzyme system, viz.,  are regulating its activity. 
This view (connected with tile enzyme "activation" as expressed l)y AVF.RY tg[ al., and 

also considered by VAx OVI.:RBEEK, 1947) is the more attractive its for some other hor- 
mones similar relationships toward particular enzymes have already been established. 
The work of CoRI et al. (PRIcI:., CORI, CoI.owlcK, I945; COLOWlCK, CORI, SrF.IX, I947) 
provided evidence that on the one side the adrenal cortical hormone and the (tia- 
betogenic hormone of the anterior pituitary gland and on the other side insulin are 
functioning (in opposite sense) as regulators of the activity of hexokinase, the enzylne 
which catalyses the phosphorylation of hexoses t)y ATP. 

t 
Some authors (cf. HARROW, 1947" 3lZVl..'RnOV, 1948) fire for this ireason already 

inclined to generalize that hormones enhance or lower the activity of enzymes (containing 
e.g., vitamins as prostethic groups), in this way rcgulating the speed of turnover of the 
metabolites. 

EYSTVR (1943, I946 ) already has put forward a view concerning the action of 
auxins, which in fact implies such a regulation of an enzyme system. The mechanism 
was understood as a release of certain enzymes, particularly of diastase, from a protein 
colloidal base, to which they were considered to be attached normally. This opinion wits 
deduced from experiments of diastase on charcoal its a carrier and the influence of 
synthetic growth substances thereupon. For such important conclusions in a physiolo- 
gical sense this very simplified model system hardly seems to offer a suthcient base 
however. Moreover SMITH, LANGEI.AND, AND STO'rZ (I947), repeating EYS'rER'S experi- 
ments under more critically controlled conditions, did not obtain convincing evidence 
for a direct inhibition of free diastase by indole acetic acid nor for a significant influence 
on the absorption equilibrium of diastase on charcoal by the same acid. 

In our opinion more promising starting points in this connection may be found 
in the work of AVEI~Y ct al. (cf. page .302} and a further analysis both qualitatively and 
quantitatively of the enzyme systems of e.g., the A r e n a  coleoptile and their influencing 
by growth substances in vitro and in  vivo may procure basic information. 

Following our trend of thought it must of course be our first aim to find connecting 
links which may lead to an understanding of the way in which a regulation of enzymatic 
activity by growth substances could occur and to a judgment of the question in how 
far the specific spatial structure of the highly active compounds is also of fundamental 
importance in this connection. 

Now it might seem possible at first sight to start with ideas like those given by 
LASNITZKI (1947) in a survey on the relation between cell proliferation, carbohydrate 
breakdown and hydration of enzyme protein (for animal tissues), which considerations 
suggest " that  the intensity of carbohydrate breakdown and consequently the rate of 
cell proliferation largely depends on the degree of hydration of corresponding enzyme 
proteins, so that,  within limits, an increase in hydration stimulates and decrease inhibits 
that enzymatic activity". And one. would ask if the uptake of water induced by auxin 
could be connected with similar relations in plant cells. (CI. tor the significance of swelling 
and shrinking of protoplasm, SEIFRIZ, 1946 ). Though it calmot wholly be excluded that 
such considerations may play some r61e in future discussions on auxin action, on second 
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thought objections arise which make it improbable that a solution of the problem will 
be found on this base. 

First of all one has to take into consideration that a large part of the water taken up 
will be found back in the vacuole of the plant cells (absent in animal cells), whose volume 
is considerably enlarged during cell elongation and which does not contain proteins. 

Moreover, recently LEVITT (I948), in a discussion on the uptake of water induced 
by au~xin in aerated potato discs, pointed out on account of calculations that this 
uptake of water cannot, in a considerable measure, be due to protoplasmic protein 
hydration, and can only be explained by decreased wall pressure. Though it seems to us 
that  with the latter statement the problem of water uptake has not yet been solved 
(if this were the only decisive factor, the osmotic pressure would have to decrease 
far more than it really does), it is clear that for our discussion other views are necessary 
than those indicated above. 

Now it may be deemed possible that in the resting cells several enzymes are present 
in a bound (more or less inactive) form. Perhaps they are then bound to other cell con- 
stituents by complex relations (electrostatic forces). Or possibly they occur as an internal 
complex, this means that the "acting area" of the enzyme--not  in the sense of prosthetic 
group, but in that of the atom grouping required for the catalytic actions--is masked 
as it were, e.g., is located in the "interior" of the enzyme molecule. Disrupting of these 
complex relations then causes "liberation" of the active area and the enzyme action 
may start. 

Now it is reasonable to suppose that anions with a special structure (like the growth 
substances) may influence similar complex relations in very low concentrations. This 
will occur if special relations exist between the structure of the acting anion and the 
structure of the enzyme to be activated or of the cell constituent to which the enzyme 
is bound. 

Here we think also of the effect of detergents, particularly of those of anionic type, 
in relatively low concentrations on proteins, which implies a denaturation, viz., libera- 
tion of -SH groups and increase in molecular asymmetry (cf. PUTNAM, 1948 ). Processes 
of this type, if occurring in a cell under influence of some agent may cause a definite 
physiological effect (cf. e.g., the importance of a regulation of the effectiveness of -SH 
groups for the ratio cell division / cell elongation, NICKERSON, I948 ). Taking into con- 
sideration that the (anionic) growth substances are related in principle to certain classes 
of detergents (wetting agents) as to their spatial structure, we are led to the question 
whether the auxins may be acting in a physico-chemically related sense on certain 
enzyme proteins, of course without thinking of a complete parallel of the denaturation 
caused by detergents. 

We then would have to attribute to the auxins (and synthetic analogues with 
comparable action) a more or less specific affinity for enzyme systems which are im- 
portant for cell elongation. Now indications for such a property have already been found 
by the investigations of AVERY et al. (cf. page 303). The fact that such low concentrations 
of growth substances are effective (of the order of IO -x8 g mol/cell, cf. WASSINK, 1946 ) 
could then also be understood. 

Surveying the development of opinions concerning the action of auxin we believe 
that in this way we arrive at a situation where the efforts from biological and chemical 
side show a promising convergence; 
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T h e  r e s u l t s  of f u tu r e  i n v e s t i g a t i o n s ,  to  wh ich  we h o p e  to  c o n t r i b u t e  a n d  of w h i c h  

the  s t u d y  of t he  i n t e r a c t i o n  b e t w e e n  g r o w t h  s u b s t a n c e s  a n d  p r o t e i n s  (enzymes)  will 

c e r t a i n l y  c o n s t i t u t e  an  i m p o r t a n t  p a r t ,  will dec ide  in h o w  far  our  s u g g e s t i o n s  h a v e  

t o u c h e d  s o m e t h i n g  e s sen t i a l  c o n c e r n i n g  the  ac t ion  of g r o w t h  s u b s t 0 n c e s .  

SUMMAR Y 

x. Continuing the investigations concerning tile relation structure/activity of the plant growth 
substances, it is shown, tha t  replacement of the lipophilic parts in the highly active compounds 
(derived from benzene, naphthalene or indole) by trichloro-acetyl-, tris-chloromethylacctyl-, eli- or 
trialkylacetyl residues respectively, results in loss of activity. Only with high concentrations of the 
compounds, near the toxic level, weak curvatures are produced in the pea test, as already observed 
earlier for certain normal fatty acids. The acids with branched chains act more rapidly in this respect 
than their normal isomers. Similar relations are found with some structurally quite unrelated wetting 
agents, causing weak curvatures in the pea test particularly if the hydrophilic part is located in the 
centre of the lipophilic chain. 

2. The importance of the spatial relation between the ring-system and the carboxyl group in 
the side chain, as derived formerly for the highly active compounds and reminding of the relations 
in the group of wetting agents and penetrants,  is demonstrated once more for naphthalene-acrylic 
acid and derivatives. That the spatial structures ascribed to the compounds an account of their 
physiological activity are the correct ones, has in the meantime also b-'en proved by means of their 
ultra violet absorption spectra (t-/AWr;GA, NIVARD, 1948). 

3' Comparison of the activities in series of compounds leads to the conclusion that  for maximal 
activity, apart from the spatial relation between non-polar and polar parts of the molecule, a very 
definite balance between these lipophilic and hydrophilic parts (H.L. balance) is required. In this 
sense an upper limit is now also indicated for the requirement: "high interface activity of the non- 
polar par t" .  

4- The effect of series of growth substances and related compounds on the tissue of the red beet 
(Beta vulgaris rubra)--by affecting the endo- and ectoplasmic membranes, the colouring matter  
leaves the vacuole and can be quanti tat ively measured----completely parallels that  on the oleate 
coacervate (cf. preceding paper). So also with this biological object the effect, in a quanti tat ive sense, 
is for the greater part the reverse of that  which one wouhl expect on account of the view that  the 
primary growth substance action is mainly concerned with the protoplasmic membranes (influence 
upon the permeability), 

5. If the primary reaction does indeed take place in the c y t o p l a s m - a n  additional argument to 
those given in the preceding paper being the more rapid action observed for some neutral "precur- 
sors" of highly active acids as compared to that  of these acids themselves- -the result of the beet test 
can be explained in a plausible way. Increase of the lipophilic character of a compound beyond a 
certain limit may namely cause too strong an interaction with (adsorption to) the membranes, 
preventing the a t ta inment  of the "cytoplasmic" concentration required for maximal activity (apart 
from a direct effect of changed membrane properties). 

6. It is deduced that  a properly composed mixture of "underdosed" highly active growth 
substance and a supplementary quanti ty of an acid, weakly active or inactive for the reasons in- 
dicated under 5, should equal the maximal effect of the growth substance alone, even if the total 
number of molecules is less. Such synergistic effects of certain types of acids could indeed be estab- 
lished in the pea test. From the proportions found in this respect it is concluded that  only a small 
fraction of a growth substance in a biological system is actually required for the primary reaction 
and that  the greater part is adsorbed to the membranes (considered to perform a physiological 
function), has some action on the cell wall and is possibly adsorbed aspecifically at other places 
("waste").  

7. These findings are discussed in relation to views already put forward earlier by F.W. WL~T 
(1939, preparatory reaction - -  primary reaction) and to the evktence for a t~o-phase growth reaction, 
provided by the investigations of BURSTR/SM (I941--1942--I945). 

8. A short review is given of the most important  biological investigations concerning growth 
substance action. The data suggest that  a relation exists : 
growth substance ac t ion/a  particular fraction of respiration (oxygen absorption, of. aerobic character 
of growth)/water  uptake/sugar  t ransport /changes in the properties of the cell wall. 

As to the function of the growth substances in the cytoplasm it is highly probable that enzymatic 
processes are involved. 

9. Arguments are given which lead to rejection of the view that  the auxins are part (prosthetic 
group) of an enzyme, in other words, in our opinion the auxins do not act c4ttalytically as co-enzymes. 
The remaining possibility then would be that  they act on an enzyme system, viz., that  they function 
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as regulators of enzymatic activity. Suggestions are given concerning the way in which this may 
occur, taking into consideration the results of the chemical investigations. This implies that  in future 
investigations the interaction between growth substances and proteins (enzymes) will particularly 
have to be studied. 

R~SU~IL" 

i. En poursuivant les recherches sur la relation structure/activit6 des substances de croissance, 
on a montr6 que le remplacement des parties lipophiles dans les composbs hautement  actifs (d6rivSs 
du benzAne, du naphtalAne, ou de l'indol) respectivement par des r6sidus trichloroac6tyl, tris-chloro- 
m~thylac6tyl, di- ou trialkylac6tyl, entraine uoe perte d'activit6. C'est seulement avec de fortes 
concentrations de ces compos~s, v ~isines de la dose toxique, que l'on obtient  de faibles courbures 
dans le test de Pisum, comme cela a d6jA 6t6 montr6 pour certains acides gras normaux. Dans ce 
domaine, les acides poss6dant des chafnes ramifi6es, agissent plus rapidement que leurs isomAres 
normaux. Des relations semblables out 6tb trouv6es chez certains agents mouillants de structure 
tout-A-fait diff6rente, qui entratnent de faibles courbures dans le test  de Pisum; particuliArement si 
la partie hydrophile est localis6e au centre de la chaine lipophile. 

2. Nous d6montrons A nouveau pour l'acide naphtalAne-acrylique et ses d6riv6s l ' importance 
de la relation spatiale entre le systeme cyclique et le groupe carboxyle de la chalne lat6rale, trouv6e 
d'abord pour les compos6s hautement  actifs et rappelant les relations du groupe des agents mouillants 
et p6n6trants. L'6tude des spectres d'absorption dans l 'ultraviolet a montr$, en mgme temps, que 
les structures spatiales attribu6es aux compos6s d'apr6s leur activit6 physiologique, 6taient correctes 
(HAvINGA, NIVARD, I948). 

3" La comparaison des aetivit6s d'une s6rie de compos6s conduit ~ la conclusion suivante: 
pour l'activit6 maxima, tt part les relations spatiales entre les parties non-polaires et polaires de la 
mol&ule, il est n6cessaire qu'il existe un &tuilibre bien d6fmi entre les parties hydrophiles et lipophiles 
(balance H.L.). Maintenant, dans ce sens, une limite sup~rieure est indiqu6e aussi pour la condition 
requise : "haute activit6 interfaciale de la paTtie non-polaire". 

4. L'effet de s6ries de substances de croissance et de compos6s voisins sur le tissu de la betterave 
rouge (Beta vulgaris rubra) - -  en agissant sur les membranes endoplasmique et ectoplasmique, la 
substance colorante quitte les vacuoles et peut ~tre mesur~e quant i ta t ivement  - -  est tout /t fair 
parall~le ~ celui exerc6 sur un coacervat d'ol6ate (voir publication pr6c&tente). Ainsi, avec Get objet 
biologique, l'etIet, dans un sens quantitatif,  est en grande patt ie l'inverse de celui qu'on pourrait 
at tendre d'apr~s l'id6e que l'activit6 primaire de la substance de croissance est ne t tement  li6e aux 
membranes protoplasmiques (influence sur la perm6abilit6). 

5. Si la r6action primaire se produit dans le cytoplasme - -  un argument qui s'ajoute A ceux 
dorm,s darts la publication pr&&lente 6rant Faction beaucoup plus rapide de certains "pr6curseurs" 
neutres des acides hautement actifs, en comparaison avec Faction de ces acides eux-m~mes - -  le 
r6sultat du test  de la betterave peut 6tre expliqu6 d'une mani*re plausible. L'augmentation du carac- 
tare lipophile d'un compos6 au d~IA d'une certaine limite, doit entrafner une interaction trop grande 
avec les membranes, ce qui emp&he l 'obtention de la concentration, daas le cytoplasme, n&essaire 
pour l'activit6 maxima. 

6. On en d6duit qu'un m~lange convenable d'une substance de croissance hautement  active, 
mais A dose trop faible, avec une quantit6 suppl6mentaire d'un acide, faiblement actif ou inactit 
pour les raisons indiqu6es au paragraphe 5, peut 6galer l'effet maximum de la substance de croissance 
seule, m~me si le hombre total de mol&:ules est inf6rieur. De tels effets synergiques de certains types 
d'acides ont 6t6 6tablis dans le test  de Pisum. D'apr~s les proportions trouv6es darts cette 6rude, on 
conclut que seule une petite fraction de la substance de croissance, darts un systAme biologique, est 
n&essaire pour la r6action primaire, la plus grande paTtie de la substance 6tant adsorb~e sur les 
membranes (fonction physiologique aussi) et  exerc#nt quelque action sur la paroi de la cellule. 

7. Ces r6sultats sont discutbs relativement aux id6es 6mises par F. W. WENT (1939, r6action 
pr6paratoire,r&tction primaire) et aux arguments en faveur d'une r&action de croissance en 2 phases 
selon les recherches de BURSTR6ra (I94 z, 1942, 1945). 

8. On donne une brave revue des recherches biologiques les plus importantes concernant Faction 
des substances de croissance; les r&sultats suggArent qu'il existe une relation entre Faction d'une 
substance de croissance [une  part  d6termin6e de la respiration (absorption d'oxyg6ne, voir le carac- 
t6re a6robie de la croissance)[ l 'absorption d'eau ] le transport de suc re /des  modifications des 
propri6t&s des parois de la cellule. Quant b. la fonction des substances de croissance dans le cyto- 
plasme, il est fort probable que des proeessus enzymatiques s 'y t rouveat  engagFs. 

9. D ' ap r~  les arguments donuts, nous sommes amenbs ~ rejeter l'id6e que les auxines font pattie 
(comme groupement prosth6tique) d'une enzyme. En d'autres termes, darts notre opinion, les auxines 
n'agissent pas catalytiquement comme co-enzymes. La possibilit~ qui subsiste alors est la suivante : 
Elles agissent sur les syst~mes enzymatiques, c'est ~ dire qu'elles fonctionnent comme r6gulateurs 
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de l 'ac t iv i t6  c n z y m a I i q u e .  Cer ta incs  sugges t ions  sont  fai tes  sur  It' mode  d 'ac t ion ,  et ce, d'aprt'~s des  
r6su l ta t s  {It. rech(rch(  s chimiqtn.s .  Ceci ind ique  que  des  recherclws ult(:rieures sur  l 'aet ion nmtue l l e  
des  subs /an , ' e s  dc croiss:~m-(, ct ,h.s prot(,in:.s (t nzymes)  scrait  nl par/ iculi6reln,  nt in,liqn(, s. 

Z 1 :S : \MME N FASSI :N(; 

I. In For t f i ih rung  d~r l ' n t e r s u c h u n g t n  iiber das  VerhXltnis  zwisehcn d t r  S t r u k t u r  und  d~r 
Aktivi t i i t  d t r  \Vuchss tof t :  wurde  gezci~i, d a s s d e r  Ersa tz  d ( r  l ipophilcn Molckfiltci,e in den  hoch- 
a k t i v e n  S u b s t a n z e n  (wclche vonl P;enzol, N a p h t h a l i n  o d t r  lndol  abgele i tc t  sind) durch  Trichlor-  
acetyl- ,  Tr i s -ch lo romethy lace ty l - ,  l)i- od¢ r T r i a lky lace ty l r e s t e  e incn  Akt iv i t i i t sver lus l  mi t  sieh bringl .  
N u t  b.:i hohen,  nahe  d~ r ( ; i f l igkci t sgrenze  ge legenen K o n z e n t r a t i o n e n  dieser  \'~ r b i n d u n g e n  konn t cn  
im E r b s e n t e s t  schwache  I ( r i i m n m n g e n  he rvorge ru fen  w, rden,  wie wir sic schtm frfihcr bei Anwen-  
dung  einigcr no rmale r  Fe t t sXuren  beobach te t  ba t t en ,  l)ie SS.uren mi t  verzweigter  Ke t tc  wirken hi~r 
r a scher  als ihre no rma l en  Isomeren. . ;~.hnl iche Zusamnlenh~inge  wurden  bei einigen,  s t ruk tu re l l  gar-  
n icht  v e r w a n d t e n  Ne t zmi t t e l n  beobach te t ,  die im E r b s e n t e s t  schwache  K r i i m m u n g e n  hervor rufen ,  
insbesondere  wenn  der  hydroph i le  Tell in der  .Mitre dcr  litx~philen K e t t e  gelegen ist. 

z. Die B e d e u t u n g  tier r i tuml ichen  AbhS.ngigkeit  zwischen d e m  R i n g s y s t e m  und  d t r  in d ( r  
Sait¢ nke l t e  ge legenen Carboxylgruppe ,  die schon friihcr fiir die h o c h a k t i v e n  Subs t anzen  abge le i te t  
wurde  und  an  die \ 'erh/i . l tnisse in der  Grt, ppe der  Ne tzmi t t e l  e r inner t ,  wurde  e r n e u t  ffir (lie N a p h t h a -  
lenacryls~ure  und  ihre Der iva te  bewiesen.  Die R ich t igke i t  der  d iesen  V e r b i n d u n g e n  au f  ( ; rund  ihrer  
phys io logischen  Akt ivi t / i t  zugeschr iebenen  r / iumlichen A n o r d n u n g  wurde  inzwischen  aueh  mi t  Hilfe 
ihrer  U l t r a v i o l e t t a b s o r p t i o n s s p e k t r e n  best i i t ig t  (ttAvI.'qa& NIVARD, 1948). 

3. Ein Vergleich der  A k t i v g t e n  in e iner  lCeihe w m  Verb indungen  ffihrt zu der  Schlussfolg~ rung,  
dass  a b g e s e h e n  von d e m  r~.umlichen VerhS.ltnis zwischen polaren und  n ieh t  polaren .Molekiilteilen 
auch  noch ein be s t imn l t e s  Gle ichgewicht  zwischen d iesen  hydroph i l en  und  l ipophi len  T t ih ' n  (H.I..- 
Balanz) he r r schen  m u s s  d a m i t  (lie Aktivitii.t m a x i m a l  sei. In  d iesem Sinne wird eine n u n  auch  obere 
Grenze  a n g e d e u t e t  ffir die B ed i ngung :  "hohc  Grenzfl/ i .chenaktivit / i t  der  n icht  polaren Tei le" .  

.l. Die \Vi rkung e iner  P, eihe von \Vuchss toffen  und v e r w a n d t e r  V e r b i n d u n g e n  au f  das  Gewebe  
der  ro ten  Riibe (Beta vulgaris rubra) verli iuft  parallel  mi t  der  ffir ein Olea tkoaze rva t  1)eobachteten 
(siehe w~rhcrgehende M i t t ( i l u n g ) - - d u r c h  tint.  VerS.nderung in der  Menlbrane  des  Endo-  und  des  
E c t o p l a s m a s  verlfi~sst der  Farbs tof f  ~lie Vakuole  und  kann  q u a n t i t a t i v  b e s t i m m t  werden.  So ist  also 
auch  an  d iesem biologischen Objek t  die W i r k u n g  im q u a n t i t a t i v e n  Sinne zum gr6ss t en  Tell  den  
E r w a r t u n g e n  e n t g e g e n g e s e t z t  wenn  m a n  sich au f  die A n n a h m e  stfi tzt .  Glass die pr imgre  Wuchss tof f -  
w i rkung  haup t sgch l i ch  die P r o t o p l a s m a m e m b r a n e n  betriff t .  (Beeinf lussung der  Permeabi l i t / i t ) .  

5. F inde t  (lie prim/ire Reak t ion  wirkl ich im Cy lop la sma  s t a t t - - e i n  wei teres  A r g u m e n t  zu den  
in der  v o r h e r g e h e n d e n  31it tei lung angef f ih r t en  ist (lie raseherer  W i r k u n g  von einigen "Vnrstufen" 
hochak t ive r  S/iuren im Vergleich zur W i r k u n g  dieser  Siiuren se lbs t  ---- d a n n  k6nnen  die Ergebnisse  
des  Rf iben tes t s  ve r s t and l i ch  g e m a c h t  werden.  ~_~,berschreitet ngml ich  der  l ipophile  Cha rak t e r  e iner  
S u b s t a n z  e inen  gewissen  Grenzwer t ,  d ann  kann  durch  zn s t a rke  W i r k u n g  au t  die .Membrane (Absorp- 
tion), die, flit eine m a x i m a l e  Aktivitii.t n6t ige  K o n z e n t r a t i o n  im P r o t o p l a s m a  n ieh t  m e h r  erreicht  
werden  (dies ganz  abgesehen  yon der  d i r ek ten  A u s w i r k u n g  der  ve rgndc r t en  E igenscha f t en  tier 
Membrane ) .  

6. t t i e r aus  wird abgele i te t ,  dass  die W i r k u n g  e ines  " u n t e r d o s i e r t e n "  Wuchss to f fes  z u s a n m l e n  
m i t  e iner  SXure, die au s  den  u n t e r  5. angef i ih r t en  Grf inden  inak t iv  oder  wenig  ak t iv  is(, der  m a x i m a h , n  
V¢irkung des  allein zugef f ihr ten  Wuchss tof fes  gleicll sein sollte,  auch  wenn  die G e s a m t z a h l  tier 
Molekfile k le iner  is(. 

.qolche syne rge t i s che  Effekte  gewisser  Sgure typen  k o n n t e n  in der  Ta t  m i t  d e m  E r b s e n t e s t  test-  
ges te l l t  werden.  Aus den bier  g e f u n d e n e n  Propor t ionen  schl iessen wit, dass  in e inem biologischen 
Systexn nur  ein kle iner  Tell der  W u c h s s t n f f m e n g e  fiir die primitre Reak t i on  v e r b r a u c h t  wird, wghrend  
der  gr6ssere  Tell  an  den  M e m b r a n e n  absorb ie r t  wird (physiologische Funk( ion) ,  au f  die Zelhvand 
wirk t  und  m6gl icherweise  unspezif isch an  ande ren  Stel len absorb ie r t  wird (Verlust).  

7 - D i e s e  Ergebn i sse  werden  in Verb indung  mi t  den  frfiher yon  F. W. WEr;T gef iusser ten  
A n s c h a u u n g e n  (I939 " v o r b e r e i t e n d e "  R e a k t i o n  --- prim/ire Reakt ion)  und  den  von BURSTR6M 
(I04 l, 1942, 1945) ge l iefer ten  Beweisen tiir eine W a c h s t u n l s r e a k t i o n  in zwei Fa sen  d i sku t i e r t .  

8. Wir  geben  eine kurze l~bersicht  fiber die wich t igs ten  biologischen U n t e r s u c h u n g e n  die die 
W i r k u n g  der  Wuohss tof fe  betreffen.  Die Ergebnisse  lassen zwischen den  folgenden Fak to r en  e inen 
Z u s a m m e n h a n g  v e r m u t e n :  VCuchss to f fw i rkung /e in  b e s t i m m t e r  Tell der  A t m u n g  (Saaers toffauf-  
n a h m e ,  m a n  denke  an  den  aeroben  Cha rak t e r  des  W a c h s t u m s ) / W a s s e r a u i n a h m e  / Z u c k e r t r a n s -  
por t  /VerS .nderungen  in den  E igenscha f t en  tier Zelhvand.  W a s  die W i r k u n g  der  Wuchss tof fe  im 
P r o t o p l a s m a  bet r i f f t  ~) h a n d e l t  cs sich h ier  h6chs twahrsehe in l i ch  u m  e n z y m a t i s c h e  Vorgfi.nge. 

9. Auf  Grund  der  angef f ih r t en  A r g u m e n t e  sollte die Ans ieh t  verworfen  werden,  dass  die A u x i n e  
(als p ros the t i s che  Gruppe)  e inen  Tell e ines  E n z y m s  b i lden;  unse re r  Ans ieh t  nach wi rken  die A u x i n e  
also n ich t  kat~flytisch als  Coenzyme.  Es  bleibt  d a n n  die  M6glichkei t  e iner  W i r k u n g  auf ein E n z y m  

Referel~rcs p. 3rz/3x2. 
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als Regulator der enzymatischen Aktivit~it. Auf Grund der chemischen Untersuchungen schlagen wir 
einige mfgliche Mechanismen fiir diese Wirkung vor. In Zukunft  wird daher die gegenseitige Wirkung 
yon Wuchstoffen und Proteinen (Enzymen) besonders untersucht  werden miissen. 
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