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Transport and Regulative Properties of Phenylacetic Acid** 

S. P R O C H , ~ Z K A  a n d  V .  B O R K O V E C  

D ~ p a r t m e n t  of  B o t any  and  P l an t  Breed ing  and  I)e?+trtmt~nt (ffNu(+leat .Method.- .  
Un i ve r s i t y  of  Agvict~ltu,'~,. Brno*  

Ab~lracl.  The  mode  of  tcanspor t  and  regu la t ,ve  pv,) )ert,.os ()f phenylaee t ie  acid (I'A.k) were 
s t u d i e d  in 1 l-era long seg~,n(,nts of  pt.a epicoty ls  capal~l~, of  growth .  The  t r anspor .  ~ of  PAA m 
bo th  the  bas ipe ta l  an(l acrol)etal  d i rect ion was hm,t~'d to t~ss.tes s l t lmted  i m m e d i a t e l y  be!ow 
a n d / o r  above  the  sito of  ira appl ica t ion .  PAA was abh,  to pro ,note  the  flow of  laC-ABA in th," 
ac rope ta l  direct ion.  PAA- in i t i a t ed  th icken ing  grt~wth was p robab ly  tlw ~'~*u~c ()f this  pr(mtot ion.  

A hormone-induced promotion of metabolites transport has been demon- 
strated in many experiments (PATRICK and WAREING 1973, ALTMAN and 
WAREING 1975, PATRICK and WAREING 1976). It is well known that auxin 
(IAA) affects not only the flow of nutritive substances but also of those with 
a regulative nature (MORRIS and ~rlNFIELD 1972, PATRICK and WARNING 
1973, 1978, PATRICK 1979). In our earlier experiments, it was demonstrated 
that IAA can attract abscisic acid (ABA) in segments of pea epicotyls 
(BoRKOVEC and PROOH~ZKA 1981, 1983, BORKOVEC et al. 1984). As compared 
with IAA our knowledge of regulative properties of another auxin of non- 
indole-type, i.e. phenylacetie acid (PAA) is small in spite of the fact that its 
presence has been demonstrated in a number of plant species (KHAL[FAH et al. 
1963, 1964, 1965, WIGHTMASI and I~AIJTMAN 1973). Data about its transport 
are also only limited (CHvOJKA person, comm.). However, it is known that 
PAA can, similarly to IAA, attract ~4C-BA from roots of decapitated pea 
seedlings (PRocHXZKA et al. 1983). 

The aim of this study was to determine the mode of transport of PAA and 
to describe its regulative properties in long segments of pea epicotyls capable 
of growth. 

M A T E R I A L  A N D  M E T H O D S  

The experiments were carried out using eight-day-old, etiolated pea 
seedlings (Pisum sativum L., cv. Smaragd). The plants were grown in dark- 
ness on wet sawdust at 23 ~ and 85% of relative humidity. Eleven-centi- 
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T A B L E  l 

B a s i p e t a l ( a )  and  a c r o p e t a l ( b ) t r a n s p o r t  o f  H C - P A A  i n  pea  e p i e o t y l  s e g m e n t s  
(a) (b) 

i 4 C - a e t i v i t y  i n  1 e m  

�9 p a r t s  o f  segments 
[ d p m ]  and agar  b l o c k s  

8 h 24 h 

14C-act iv i ty  in 1 c m  
parts of segments  

[ d p m ]  and agar  b locks  

8 h 24  h 

D o n o r  o f  
1 4 C - P A A  1t 277  1 392  Plain  agar  
Segm.  No,  I 26 438  32 292  S e g m .  No.  I 

I I  18 21 I I  

I I [  --  l I I  
I V  - - -  I V  

V -- --  V 
V I  - -  --  V [  

V I I  - -  V I I  
V I I I  - -  - -  V I I I  

I X  --  I X  

X = - -  X 

X I  - -  X I  
D o n o r  o f  

P l a t o  a g a r  - -  - -  1 4 C - P A A  

_ h 

- -  i 

i 

I L 

--  18 
--  27 

23 66 

23 266  32 264  

16 673  1 304 

meter-long segments were excised from etiolated epicotyls immediately below 
the apex. These segments were fixed in a vertical position. To estimate its 
basipetal or acropetal transport, 1-14C-PAA (specific activity 282 MBq 
mmo1-1, manufacturer Institute of  Isotopes, Budapest,  Hungary) was 
applied in concentration of 3.10 -6 M in the form of an agar block either in 
place of the physiological apex or to the base of the segment. In another part 
of this experiment, the effect of 0.05% (2.8 • 10-3 M) IAA was studied on the 
acropetal transport of 14C-PAA with a carrier (the total concentration was 
3.6 • 10 .3 M). IAA was always applied to the site of physiological apex and 
14C-PAA to the base of  the segment. 

In the second experiment the effect of PAA on thc transport of 14C-ABA 
was studied. An agar block containing 0.05% PAA was placed on the site of  
physiological apex while D L-eis-trans (2-14C)-ABA (specific activity 67.8 
MBq mmo1-1, manufacturer Amersham Co., U.K.) was applied in concen- 
tration of 6.8 • 10 -6 M to the base of  the segment. When estimating the 
basipetal transport of ~4C-ABA under the effect of PAA, both blocks were 
replaced without any change in segment orientation. In all blocks 1% agar 
was used. The application of growth regulators, all manipulations and the 
transport period took place in dispersed green light at the temperature of  
23 ~ and the relative humidity of  100%. 

In both experiments, after transport periods of  8 and 24 h, the agar blocks 
were removed, the pea segments cut into parts 1 cm long, dissolved in Soluene 
] 00 and decoloured. Activities were estimated by liquid scintillation using 
a PACKARD scintillation spectrometer, model 2425. 

Data presented in tables of experimental part are means of l0 segments of  
pea epicotyls. Each experiment.was repeated three times. 
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T A B L E  2 

E f f e c t  o f  0 . 0 5 ~ o  I A A  u p o n  a e r o p e t a l  t r a n s p o r t  o f  1 4 C - I ' A A  (3 .10  6 M) (a) a i : d  1 K ! - P A A  + c o l d  
P A A  (3 .10  - a  M) (b) in  p e a  e p i c o t y l  s e g m e n t s  
(a) (b) 

1 4 C - a c t i v i t y  i n  1 c m  11( '-aeti~ ~ty in  1 c m  
p a r t s  o f  s e g m e n t s  p a r l s  o f s ~gmcn t s  

[ d p m ]  a n d  a g a r  b l o c k s  [ d p m ]  a n d  a g a r  b l o c k s  

8 h 24  h 8 h 24 h 

0.05O/o I A A  - -  - -  D o n o r  o f  I A A  
S e g m .  No.  I - -  - -  S e g m .  No.  I 

I I  - -  - -  I I  
III - -  - -  I I I  
I V  - -  - -  I V  

V - -  - -  V 
V I  -- -- V I  

V I I  - -  - -  V I I  
V I I I  - -  - -  V I I I  

I X  -- -- I X  
X 26 51 X 
X I  19 952  37 656  X I  

D o n o r  o f  
1 4 C - P A A  18 147 1 2 8 6  1 4 C - P A A  + 

c o l d  P A A  

L 

L 

L 

m 

- -  39  
11 93 

2 1 4  2 6 9 7  
17 595  27 507  

18 7 4 5  7 5 4 9  

R E S U L T S  

Data about the basipetal and acropetal transport of 14C-PAA (3 • 10 -6 M) 
are presented in Table 1. I t  is obvious that the flow of PAA is limited in 
both directions (i.e. both acropetal and basipetal) only to 1--2 cm of epicotyl 
from the agar (donor) block. The main proportion of 14C-activity was found 
in the first part of the epicotyl segment adjacent to the agar block. After 8 
and 24 h, nearly 70% and 96~o, respectively, of labelled PAA accumulated 
in this part of the segment. 

The application of 0.05% IAA on the apical part of the segment did not 
result in a pronounced change in 14C-PAA distribution in the acropetal 
direction although the application of IAA upon the apical part of the segment 
initiated its elongation growth (Table 2). The addition of carrier (i.e. an 
increase in total PAA concentration to 3.6• 10 -a M) resulted in a slight 
increase in 14C-PAA flow in the aeropetal direction. 

In the second experiment, the effect of 0.05% PAA (3.6 • 10-3 M) upon the 
transport of 14C-ABA was investigated. PAA applied in this concentration 
induced a thickening growth of that  part of the epicotyl which was adjacent 
to the site of its application. This thickening growth was obvious after a 24-h 
translocation period. The thick part of the epicotyl became at the same time 
the site of an increased attraction of 14C-ABA which could be observed as 
early as after an 8-h translocation period; after 24 h it was quite obvious 
(Table 3). 

No thickening growth of this part of pea epicotyl was observed after the 
application of PAA in the same concentration to the base of the segment. 
In treated segments, the basipetal transport of 14C-ABA did not differ from 
that  observed in control (untreated) segments (Table 4). 
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TABLE 3 
Effect  of 0 .05% P A A  u p o n  the  ac rope t a l  t r a n s p o r t  of 14C-ABA m pea  ep ico ty l  s egmen t s  
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8 h 24 h 

Contro l  0.05 ~o Contro l  0.05 ~ 
P l a i n  a g a r  P A A  P l a i n  a g a r  P A A  

P A A  or 
p l a in  aga r  -- --  48 88 
Segm. No .I 20 155 41 359 

I I  30 58 58 96 
I I I  32 47 62 75 
IV  24 47 60 68 

V 30 51 60 69 
VI  35 70 73 90 

V I I  56 105 102 141 
V I I I  92 104 155 213 

I X  189 294 270 400 
X 465 584 731 958 

X I  3 897 3 565 6 601 7 257 
Donor  of 14C-ABA 11 035 10 389 7 231 6 088 

DISCUSSION 

I t  resulted from data presented in the experimental part  of this study that  
the mode of transport  of non-indole auxin, i.e. PAA, differed from that  of 
indole type, i.e. IAA. In plant segments and intact plants the flow of IAA 
is polar (see review by GOLDS~T~ 1977) and in the hypocotyl of Phaseolus 
vulgaris (SMITH and JXCOBS 1968), similarly as in long pea epicotyl segments, 
it is more intensive in the basipetal direction (BoRxovEc and PROCHAZKA 
1983). On the other hand, the flow of PAA in long segments of pea epicotyls 
in both the basipetal and aeropetal direction was limited to tissues situated 
immediately below and/or above the site of its application. This pattern of 
PAA transport  in the acropetal direction was not affected either by the 

TABLE 4 
Effect  of 0 .05% P A A  upon  the  ba s ipe t a l  t r a n s p o r t  of 14C-ABA in pea  ep i co ty l  s egmen t s  

8 h 24 h 

Control  0 .05% Contro l  0 .05% 
P l a i n  a g a r  P A A  P l a i n  aga r  P A A  

Donor  of 14C-ABA 7 710 8 380 4 849 5 769 
Segm. :No. I 2 428 2 681 5 105 5 172 

I I  37 44 148 161 
I I I  10 10 28 21 
IV -- -- 8 

V . . . .  

VI  . . . .  
V I I  . . . .  

VIII . . . .  

IX . . . .  

X . . . .  

XI . . . .  

P A A  or plain agar . . . .  
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application of IAA upon the physiological apex (and by the following 
elongation growth) or by an increased concentration of applied PAA. This 
means, among other things, that the ability of IAA to polarize the transport 
of different substances of a regulative nature, e.g. ~4C-ABA (Bo~KOVEC and 
P~oc~XzJ~A 1983) need not be valid for the relation to PAA. 

Similarly to IAA (BO~KOV~C and P~OC~XZKA 1983), also PAA is able to 
promote the flow of ~4C-ABA in segments of pea epicotyls in the aeropetal 
direction. In the experiment with IAA, the acropetal flow of ~4C-ABA was 
promoted by aH-IAA applied on the apical part of the segment. IAA promoted 
the elongation growth of its apical part and moved basipetally through the 
whole segment. In this experiment the application of PAA induced the 
thickening growth. However, the transport of PAA outside the thickened 
part of the epieotyl was not observed. PAA-initiated thickening growth was 
probably the cause of the flow of ~4C-ABA and its accumulation in the 
thickened part of the epicotyl (Table 3). Regarding the fact that the basipetal 
flow of PAA was very limited (Table 1) it can be expected that there need 
not be a direct relationship between the basipetal flow of PAA and the 
acropetal movement of 14C-ABA and/or other metabolites against its flow; 
this was suggested by P~OC~ZXA et al. (1983). 

The ability to attract substances of a regulative nature in long pea epicotyl 
segments known for IAA (Bo~I~OV~C and P~oc~Xz~.a 1983) was thus demon- 
strated also in the ease of PAA. However, it is not very probable that this 
mobilizing activity takes place in the same way although their ability to 
initiate the growth (sink strength) plays a certain role in both phytohormones 
under study. 
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Das  Biichlein ]st, wie im Titel  be ton t  wird,  t'iir Anf i inger  bes t ]min t  un(I b r ing t  konkre te  Anlci-  
t u n g e n  ffir die Arbei t  mi t  hotanisch(~n Objek ten ,  dic in Anf i ingerkursen  behande l t  werden .  Dabe l  
w u r d e n  Pl/tne entspr( 'x' ,hender Kurse  yon versc'~nedenen Ins t~ tu ten  bcrf lcks icht ig t .  Da  es smh 
u m  Prakt,  ikum.sanle t tungen  hand~,lt, ]st (h~r T ex t ,  der a u f  grSsscre Zusammenh /~ngc  und g rund-  
s/ttzliche F ragen  hinweis t ,  a u f  das  z u m  V(wstiin<lnis n6 t ige  M i n i m u m  r(~'(tuziert und  dev Stu(he-  
rende, wir(l a u f  ein gee ignc tes  Lehr | )uch  verwiesen.  

Das  B u c h  bcg inn t  m i t  e iner  E m [ e i t u n g  in die mikroskop i schc  Technik ,  wo aueh  (las Ze ichncn  
der  Objek te  g( ' lehrt wird. Die wei te ren  Abschn i t t o  des Bflchleins  be fassen  sich m i t  der  pflanz- 
l ichen Zelie u n d  ih ren  Bes tand te i lon ,  u. a. der  Zel lwand,  den  P las t iden ,  den  Reserves tof fen ,  und  
m i t  ve r seh iedenen  spezial is ier tcn Ze l len typen .  Es folgen A n l e i t u n g e n  z u m  S t u d l u m  der  S t ruk tuv  
des [)f lanzenblat tes ,  (ter Spa l t6 f fnungen  und  l ,eitbiinde],  wei ter  der  Wurzel ,  Bl i i ten u n d  Samen .  
\Veitere Nap] te l  b r ingen  Anleit+ungen z u m  Stud]urn  dec Kern-  u n d  Z(;lltt 'ilung, dec Mer i s teme u n d  
dcs  s e k u n d g r c n  D i c k e n w a c h s t u m s  besonders  m Holz und  Bt~st. ,]ede A n l e i t u n g  ]st gegl ieder t  in: 
B e s c h r e i b u n g  des n6 t igen  U n t e r s u c h u n g s m a t e r l M s  und  (ler Reagenz ien ,  der  P rgpa ra t i ons t echn ik ,  
der  du rch f / i h r enden  Aufgabe  u n d  B e o b a c h t u n g e n .  Jode  Aufgabc  ]st reich du rch  prgzise Zc ichnun-  
gen,  me]s t  abe r  he rvo r r agende  Mikropho tograph ien  i l lustr ier t ,  dm d e m  S t u d e n t e n  den  Vergleich 
m i t  se inen  eigenon P r g p a r a t e n  e rm6gl ichen ,  l )as  B/ ichlcin en thg l t  absch l i e s send  ein kurzes  
wei te r f / ihrendes  L i t e r a tu rve rze i chn i s  u n d  ein  Sachregis ter .  Die A n o r d n u n g  des Tex t c s  ]st sehr  
i ibersieht l ich,  die A n l e i t u n g e n  i n s t r u k t i v  u n d  die t cchnische  ] ) u r c h f / i h r u n g  u n d  Dru( 'k  ausge-  
ze ichnet .  

Das  Mikroskop i seh-bo tan i sche  P r a k t i k u m  soll den  S t u d e n t e n  e rmSgl ichcn  mSgl lchs t  schnel l  
u n d  problemlos  in die G r u n d l a g e n  der  S t r u k t u r  bo t an i sche r  Objek te  e inzudr ingen ,  d e n n  ohnc  die 
K e n n t n i s  der  be t re f fenden  S t r u k t u r e n  a u f  ve r s ch i cdencn  E b e n e n  ]st n u r  schwer  das  Ver s t ehen  
phys io logischer  Vorggnge  im wei teren  S tud]urn  zu  erarbe i ten .  Diese Aufgabe  erfiillt das  Buch  
me incs  E r a c h t e n s  nach  bes tens .  
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