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Abstract-Elongation of internode segments of dwarf pea seedlings excised 4 mm below the plumular hook was 
stimulated by GA, but not by GA, or GA,. However, all three gibberellins induced cell elongation in the region 
from which this segment was isolated on application to intact seedlings. It is concluded that GA, and GA, are 
converted to a GA,-like hormone. Measurement of epidermal cell elongation in the epicotyl further indicates 
that GA, or a GA,-like hormone may be the functional form of the hormone required for cell elongation. 

INTRODUCTION 

It has been demonstrated by analysis of the time 
course of pea epicotyl growth that a 6-8 hr lag 
period was required before GA I and GA, became 
effective, while no detectable lag period was asso- 
ciated with GA,. It was suggested that GA, and 
GA, were converted to a GA,-like gibberellin 
GA [l]. The conversion of GA,-[U-3H] to GA, 
has been further demonstrated in the same cultivar 
by GCpRC[2]. A mutant of Gibberella jiijikuroi 
has also been shown to convert GA, to GA, [3]. 
There are clearly metabolic relationships between 
GAS occurring in the same plant; however, there is 
little information to indicate whether there is func- 
tional specificity associated with the various hor- 
mones [4]. The present study indicates that in the 
pea epicotyl GA3 or a GA,-like hormone may be 
the functional form involved in cell elongation. 

RESULTS AND DlSCUSSlON 

Figure 1 illustrates the effect of GA,, GA, and 
GA, on growth of the S-4 segment of pea epicotyl. 
Neither GA, nor GA, had any significant growth 
effect at concentrations ranging from 0.003 to 
30 ppm. However, the segment responded to GA, 
by exhibiting a dose response with no apparent 
optimum. It was previously demonstrated that the 
excised apical 10 mm of the internode, including 
the plumular hook, bud, and leaves, responded to 
all three GAS; therefore, the failure of the S-4 seg- 

ment to respond to GA l and GA, suggests that the 
apical region is required for the conversion of GA, 
and GA, to a GA,-like gibberellin. 

To determine if GA, and GA, are simply inter- 
mediates in the conversion to GA, or whether they 
represent functional forms of the GA required by 
cells of differerit stages of development, a time 
course study was made by measuring epidermal 
cells at various levels below the plumular hook. 
During the initial 10 hr growth period no signifi- 
cant gibberellin response could be demonstrated. 
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Fig. I. Effect of gibberellin on 5 mm segments excised 4 mm 
below the most apical point of the concave side of the plumular 

hook. Segments were cultured for 18 hr at 28”. 
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However. measurements after 1 X hr rcvcaled sig- 
nificant rcsponscs (Fig. 3). In the suhapicai rcyclil 
(2 mm) there was no significant rcsponb: 1~‘ ;~II\ ill 
the gibberellins. In the mid-region (5 mm) <iA, 
and GA, induced a significanl grou ~II rcspon~e 
over GA,; however. the (<Ai response \\:I\ ilot SIZ- 
nificantly different from that of the cc:ntrol. l‘h~ 
cells of the basal region bcrc rcspon\lvc lo holii 
GA, and GA, but they were unrcspoIi*<iic tcr C i.1 , 
The growth response of the basal Cpicicrrnal cc:ils 
to GA, and GA,. whilst the cells 01‘ the S-4 q- 
ment wcrc unrcsponsivc to GA, (Fig. IL ind~cntc 
that GA, has to be converted lo ;I C;:2,j-lik~ hor- 
mone. The nnrcspoilsiveness of the hasa ceils to 
GA, while the cells of the mid-region rcspondcd to 
both GA, and GA, ma\’ indicate that ccIl\ 01’ thij 
mid-region are able to convert (iA, al~d Ci”\, hut 
not GA5. whilst basal cells arc unabli~ lo ni:~l\i 111~ 
conversion. It is tempting lo suggc\t ihal (3, u’;i\ 
translocated acropetally into the apex 14 hcrc it \t’;ls 
converted to a (;A,-l&c hornlonc and suhsc- 
quently transported basipctally to the target cells. 
However. the failure of the cells of the nli&xzjoll 
to respond to GA i while responding to !x)th GA, 
and GA, tends to rule out this intcrprctatlon. No 
satisfactory explanation is presentI> av;tilabl~. 

A different growth response 01‘ the ~pitfermal 
cells to difkrent GAs might rellcct ;I slon lranslo- 
cation or distribution to the site oi‘ hormone 
action. To dctcrminc the uptake ant! distribution 
of GA along the axis of cpicot~l. (;.,I,-/ “(‘1 and 
GA,-[“HI Lucre supplied to the Lilt x111 LICC oj tllc 
apical IO mm scgmcnt. Segment:, \\c’rc li;~r\csli~i at 

J 

\:u-ious time intervals. cut into successive 2 mm 
scgrncnts and extracted with McOH. Figure 1 
shows that cells isolated 2 4 mm hclob the hook 
region prekrcntiall! accumulated G,2,-[‘H]. Bq 
31 min. the accumulation t-cached ;L maximum and 
I hcr~:~ftcr declined. TIlc sc’cond largest accumu- 
lation occurred in the scclion in direct contact with 
the ugar (X IO mm). The 0 2 mm section. \vhich in- 
cludcti the Ica\,cs. apical bud. and a portion of the 
pluniul:ir I~ook accuniul~~tccl the lcast amount of 
(;:I,. 

Figure 3 illustralcs Ihc distribution of GA,- 
[.:H 1. In this study the Ieaves and apical bud were 
removed rrom tllc 0 2 mm +gicnt. The 2 4 mttt 
scgmcnt accumulated the greatest amount of GA, - 
/“HI alter cu 20 min. Thereafter, GA, appeared to 
move both acropetaU> and basipetallq. As GA ,- 
[~‘H] declined in the 2 4 mm segment it rose in the 
0 2 and 4 0 mm segments. In the prcccding study. 
lhc large amount 01’ tissue associated with the api- 
cai bud and Icaves npparcntl> mashed the accumu- 
lation of (;A,-[’ TJ iI1 the stem region of the plu- 
mular hook. The 6 X and S 10 mm segments accu- 
mula~eel about the same amount nf labelled GA, 
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Table I. Accumulation of GA,-[3H] extracted from various 
regions along the axis of pea epicotyls 

Section (mm) 0~2 2-4 46 68 8-10 

Time Bound-GA j 
(min) (dpm/lOO mg/fr. wt) 

“0 - 
x 

i 
dC 
d 

I L” .” “I 

min 

Fig. 4. Distribution of GA,-C3H] in methanolic extracts from 
various regions along the axis of etiolated pea epicotyls. 

but somewhat less than the more acropetal seg- 
ments. The rapidity of uptake and distribution 
along the epicotyl clearly was not responsible for 
the differential growth response exhibited by the 
epidermal cells to the different GAS. The rapid 
uptake suggests that the hormone was carried 
acropetally in the transpiration stream. This was 
substantiated by applying tritiated water to the cut 
surface of the epicotyl. 3H w’as found in the stem 
region of the plumular hook within 3 min. 

Table 1 illustrates the recovery of free acid and 
bound GA from the various zones along the epico- 
tyl. The basal segment which was in direct contact 
with the agar accumulated the greatest amount of 
free acid, followed by the two most apical seg- 
ments. The bound GA was concentrated below the 
plumular hook ((r2 and 2-4 mm segments). Cells 
that accumulated the greatest amount of bound- 
GA 1 are the same cells which are rather unrespon- 
sive to the exogenous application of GA (Fig. 2). 
The biological role of bound GAS is unknown [4] ; 
however, it has been suggested that GA-glucosides 
are storage forms which can be transported to tar- 
get tissues [S]. Cells immediately below the site of 
synthesis occupy an ideal position to regulate the 
flow of GA to the cells requiring the hormone for 
elongation. 

Cells that undergo the greatest elongation 
appear to accumulate the largest amount of free 

5 102 127 48 47 _ 
20 190 109 17 42 93 
25 102 162 X6 33 130 
40 I51 288 36 46 _~ 
50 I55 171 60 48 123 
55 265 139 66 44 169 

Average I 60 166 52 43 I28 

Free acid 

5 66 68 48 47 73 
20 83 66 I6 42 88 
25 96 67 87 33 191 
40 64 91 36 46 91 
50 74 141 60 48 179 
55 104 57 66 44 224 

Average 81 x2 52 43 I41 

Free acid is considered to be GA, which was freely soluble 
in EtOAc at pH 2.5. Bound-GA, remained in the aq. phase fol- 
lowing a 30 vol. extraction with dry EtOAc. 

GA I. The basal 6 mm accumulated more total free 
acid than the apical 4 mm. If the cells of the epico- 
tyl are unable to distinguish between the uptake of 
GA, and GA, then accumulation by target cells 
cannot be involved in the growth responses 
reported in this study. The previously reported lag 
periods for GA I and GA 5 [ 11, then truly represent 
periods required for the conversion of GA, and 
GA, to a GA,-like gibberellin. 

EXPERIMENTAL 

Culture teclwiqur.s. Seeds of Pisunl sutiwm L. cv. Progress 
No. 9 were soaked 18 hr in H,O with vigorous aeration, They 
were then planted in moist vermiculite in a dark room for &7 
days at 27-X and watered at least once with Hunter’s soln 167. 
Plants were harvested when the third internode was CU. 2s 
30 nm long. All operations were carried out under a dim green 
light (Kodak Wratten Series 3 filter with a 25 W lamp). 5-mm 
segments were cut 4 mm below the most apical point of the con- 
cave side of the plumular hook. Following the terminology of 
Ref. 7 this segment is termed S-4. After excision the segments 
were placed in 0.02 M phosphate buffer, pH 6.1, for ca 2 hr. The 
segments were incubated for 17-18 hr at 28’ in 5 ml of 0.02 M 
uhosohate buffer. pH 6.1, containing 2”;;, sucrose. IO- ’ M IAA 
a . 

and the various Gks. 
En;drr~r~~/ growth cwalysis. Only those seedlings with essen- 

tially the same degree of hook opening were selected. The apical 
IO mm which included the plumular hook, bud, and leaves was 
excised. The basal end of the segment was then placed on 0.8:” 
agar contamtng buffer. 2’>,, sucrose and 0.3 ppm GA A ]. A, or 
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A5. The segments were cultured in the dark in a moist atmos- 
phere at 2X Scgmcnts wcrc removed every 2 hr over a IOhr 
period with a final rn~asur~rn~l~t at 18 hr. The segments were 
broken in the mrddle in such a manner that the epidermis could 
he peeled off the side opposite the plumular leaves. The epl- 
dcrmls was then mounted on a slide and stained with 0,.5”, aq. 
mcth>lcii~ blue. ~‘~~otorn~~rog~p~~s were made at 3 regions 
along the a\is. 7. .i and X mm below the apex of the plumular 
hook. The last mcasurcment (I 8 hr) was made 2 mm below the 
apex. in the mrddle of the segment and 2 mm up from the base. 
Thcbc ~~~i_i~~~t~~~~~lts were made to ~ornl~ensat~ for the increase 
in the length of the segment. The cell images were measured 
from the i7llc,toniicrogral,hs with a calibrated ocular and con- 
\crtcd t\r in”_ I~suall~ 50-60 cells wcrc measured at each zone 
along the iizib. Growth was entirely by cell elongation as no 
mitotic ligu~cs b\z:I’c seen either in the epidcrmal tissue or serial 
tangenti~~l \cct~ons 01 cpicotyls. The maintenance of cell divi- 
iion in the :,p1c;11 region has been previous15 reported to be con- 
t~npent up,>n the continued attachment of the plum&r hook 
10 the pl:lnt 1 S]. 

cr~/rh~r~i/~~~ up/d~~ trnrl tlisfrfhutiorl. GA,-[ I. 12.6~carhoxyl. 4- 
m~th~,l-‘Y‘\ j 1.x jiCi,mg) was supplIed by Prof. P. W. Brian. 
t.;~ml&dgc.~ 1 ngland. and GA,-tl.2--7H] If Ciimmol) was 
obt:ilncd from Prof. L. Ranpanort. Ilniversitv of California. 
I)a\~s. The culture medium;,’ contained either* GA,-[‘4C] in 
(I-.; ppm <;-2,% to give 97Ocpm!ml or GA,-[“HI to give 43900 
~pm~ml in 0.: ppm GA,. wine. i&mm cpicofyls were placed 
\\ ilh their hasal end in cOntact with 0,X”,, agar containing the 
labelled GA\ 1~ the dark. At various time Intervals, the epicotyls 
!kcrc rcn~)vcd and cut into 2 mm segments. Because of the low 
hp. act. of G;lz-[‘“C] onI4 MeOH extracts were analyzed. 
However. in (it\ ]-[ ‘H] studies the 2 mm segments were ground 
in 5 ml MeOH and extracted for 18 hr. F‘ollowing extraction 


