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Sutmmary. The tuse of the modified endosperm bioassay in conjunction with

techniques for extracting and paper chromatographing extracts, and the application
of statistical analyses to the results, is reported. The modified procedure has not

altered the relative response to different gibberellins, though an analysis of many

standard curves indicates that at least 1 fealture of the bioassay system is still
uncontrolled. A comparison of this bioassay with 15 others indicates that the endo-
sperm response may have wide applicability in explorations of the physiological
effects of gibberellins.

In the previous paper of this series (5) many

conditions affecting the gibberellin-induced reduc-
ing sugar release of barley endosperm were ex-

amined, and a basic bioassay procedure was outlined.
Since, however, the usefulness of a bio-assay is

determined in large part by its adaptability, the
applicability of the procedure when uised in con-

junction with various methodological and statistical
techniques has been investigated.

Methods

All methods, except as stated, were those in-

dicated previously (5). All water was distilled,
autoclaved and dispensed with automatic syringe

pipettes.

Adaptions and Results

Paper Chromnatography. The results obtained
by direct bioassay of paper chromatograms con-

taining either 10-8 g GA3 or an extract of grape

pericarp are illtlstrated in figure 1.
Ovaries of the cul-tivar Doradillo, taken at

anthesis, were lyophilized, separated from pollen
and anthers, and the seeds dissected out to leave
only pericarp tisstle. Of this tissuie, 36 mg, rep-

resenting 52 berries, was extracted with 10 ml
ethyl acetate for 8 houirs, filtered, and re-extracted
with 5 ml ethyl acetate for 16 hours. The combined
extracts were divided into 6 equial parts, evaporated
tunder reduced pressture, and spotted on 25 mm wide

1 Present address: Biology Department, Carleton Uni-
versitY, Ottawa, Canada.

strips of W;\hatman No. 1 paper (spot = 7 X
14 mm).

The chromatograms were equilibrated over the
solvent (80 % isopropyl alcohol) for 12 hours
and developed (ascending) for 19 cm. The de-
veloped and dried chromatograms were cut into
15 12.6 mm pieces which were placed directly
into vials with 1 ml water and 2 endosperm.
Inctubation and stugar analysis were carried otut in
the normal way. The resuilts (fig 1) indicate
that the bioassay is capable of detecting gibberellins
and gibberellin-like substances separated in this
way, without any requirement for eluition of the
active substances from the paper.

The GA3 spot on the chromatogram was local-
ised at RF 0.4 to 0.6, and the other areas of the
chromatogram prodtuced a relatively low and uini-
form response. However, because each valtue wN-as
only a single observation, it was not possible to

demonstrate that the amotunts of sugar released in
the vials assaying RF segments 0.4 to 0.6 of the
GA, chromatogram were significantly different
from those in vials assaying the other chromato-
gram areas. On a qualitative basis, the results are

clearly indicative and meaningful, and preliminary
techniques for overcoming the difficuilties of adapt-
ing a statistical approach to chroTnatographic re-

sults are explored below.
Statistical Procedures. The ability to handle

large numbers of treatments with this bioassay
makes it possible to meet the statistical requirements
for good bioassay procedure. Two aspects of sta-

tistical procedure will be discussed here:
A) Quantitative Determiiination of Proiimotive

Activity in an Extract. Procedulres for this are
well established and are described by Bliss (2).
To determine relative potency (i.e. activity) of
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Fw;. 1. Assay tubes and histograms of sugar release valuies obtained from scgmeints of paper chromnatograms of
10 GA, anld1 grape pericarl) extract. (No significant amount of reducinig sugar was founiid o01 control chromato-
gramii of extract teste(i in tile l)ioassay -without endosperm.)

an unknown ill comparison with a stanidard, repli-
cates of eaclh shouild be tested at 2 or more dosage
levels within the linear part of the dlosage-responise
curve. From this, slopes of the responises to known
anmouniits of standar(ds and(I tinknowns, mean re-
spouses, an(l experimenital errors, can Ihe calculated.
If 3 or more dosages are compared, the signiificanice
of curvatulre of the (liluitioin curves, if anx, cani be
tested. Usllyal- preliniilarx tests are re(lilire(l to
?nsure that the dosage levels are within the linlear
part of the dosage-responise curve. .\o estimate
of extract activity cani validly belcmacle if the

response falls otutside the fitted ranige of the re-
g"ressiom linie calcuilated for the stanidard cuirve.
The Biometrx Section of the \Waite Institute has
preparedI a computer programme wvhich inicor-
porates c(7tations 23a anid 32 of Bliss alnd providles
for the folloxwinig: mean (lose, mea-In response,
slopc, standlar(l error of slope m(Id resi(dlial mean
squiare of both the standard and unkin-own, the
log ratic) of potency aiu(l its stalll:(dr(l error and
conifidelnce limits, anl the comlbiMe(d slope ali(I its
vari.ance ratio.

Frequently, in p]alat hormone bioassays, the
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activity of ani extract is tested at only 1 concen-
tration level in comparison with dilutions of a
standar(l. The comparison maY even be made
mathematically, by regression analysis (e.g. eqtua-
tionls 23 and 32 of Bliss) or analysis of variance,
or by interpolationi on a graph drawn with a
straight line between points or with a smoothed
(or fitte(l) cuirve. This practice has seriouis short-
comings in spite of the use of statistics since, with
only a single concentration of the uinknown, there is
no way to determine whether the activity observed
is in the ascending or descending part of the re-
sponse cuirve, or, in fact, is due to a compoundI in
ainy way similar to the standar(l. The problem
is still iiiore acuite when a b)ioassay of uinkniowin
or low specificity is tlse(l. Even if several levels
of the uinknown are compare(d it is not meaniingfull
to measuire potency if the slope (liffers significantly
from that of the standlard. (As ani expedient uinder
these circuimstances, some arbitrary measulre, suich
as the dose giving mid-response, cani be uised for

0 1 *2 3 4 5 6 7 8 9 F

Rf
FIG. 2. Histograms of sugar release values obtained

from segments of paper chromatograms of control and
10-8g GA3 run (ascendinig) after 1 hr equilibrationi over

solvent (isopropanol :water - 4:1). Soli l horizolntal
line is mean endosperm response to segmenits of control
clhromatogram. Dotted horizontal lines are 5 % confi-
dence limits calcuilated from the control chromatogram.
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FIG. 3. Reducinig sugar release induced by standard
solutionis of GA3 in 13 conisecuitive tests. Mean values
rel)resenite(l 1b heavy line.

analysis.) In this bioassay the slopes obtained with
knownl gibberellins appear to be comparable (15;
fig 4), buit nion-parallelism canl resullt if inhibitors
an(l other interfering suibstanlces are present. Puri-
ficationl proce(duires should(I be llse(l to overcome
this problem.

1B) Statistics of Choira atoyra ius. Chromatog-
raphv is a convenient method for separating sub-
stances, but it is difficuilt to assess the restults
quantitatively anid statistically. UIsuially some suib-
jective assessmenit has to be made to suipplement
statistical methods. For instance, the histogram
in figure 1 of a paper chromatogram of gibberellic
acid shows a clear and obvious peak, yet it was
nlot possible to establish statistically- significant
activitv with only this 1 chromatogram.

If replicate chromatograms are ruin an anal-sis
of a variance can be made with RF as a variable.

Another approach is to bioassay 1 or more blank
chromatograms spotted with the extraction solvent
and developed at the same time as the extract
chromatograms. The mean and confidence limits
of the blank can be calcuilatedI andI uised to estimate
which parts of the extract chromatogram ha-e
significant activ ity. The results in figuire 2 illuis-
trate this approach; the valuies for the blank
chromatograni, though variable, have given a mean
and confidence limits which, w-hen suiperimpose(1
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on the histogram of the GA3 chromatogram, show
that the latter has a significant peak of activity
at RF 0.6. Confidence in the determination of a
peak is greater if, as in this figure, 2 or more
adjoining pieces of chromatogram have significant
activity.

An estimation of the qulantity present in a
peak can be made by comparing the peak response
with tha-t of standards assayed at the same time
(the difficulties in doing this have been stressed
above). To make quantitative determinations, rep-
licate chromatograms at 2 or more dosages are
desirable, and can be obtained by separately spotting
2 dilutions of the extract or by developing 1
chromatogram, eluting pieces, and meiasuring 2
dilutions of the eltu-ate. It is considerably easier
to interpret the unknowns if the standard compounnd
is assayed similarly.

Standard Curve. In spite of all the precautions
adopted to ensure uniformilty, when the standard
curves reported in many of the experiments in this
series of papers are compared, a degree of hetero-
geneity is apparent. Thirteen such standard curves,
obtained in thir.teen consecutive tests with the
same procedure are shown in figure 3. The most
variable feature of the curves, and, indeed, of the
bioassay, is the sensitivity of the endosperm to
the 2 lowest concentrations of GA3. When the
curves were analyzed statistically, evidence for 2
populations was obtained. One group of curves
showed higher average control values and greater
sensitivity to GA3 than the second group. Though
the conditions (including atmospheric) were thor-
oughly examined, it has not been possible, as vet,
to relate the 2 types of responses to any particular
treatment either prior to or during the bioassay.

Activity of Other Gibberellins. In a previous

paper (15) the activity of 8 numbered gibberellins
and allogibberic acid, in the barley end-osperm test,
was compared. It was of interest to determine
whether the modifications adopted in the develop-
men-t of the bioassay influenced the responses in-

duced by at least some of thcse gibberellins and
figulre 4 illustrates the results obtained with
GA1,39 5 and 6. Sugar release is qualitatively al-
most identical with that reported earlier (15) with
the possibility that the endosperm were slightly
more sensitive to this sample of GA6. It can be
concluded that the bioassay procedure has not
altered, to any appreciable degree, the relative
response of the endosperm to the different gib-
berellins previously tested.

Response to Ethyl Acetate. When using ethyl
acetate to extract gibberellin-like substances from
plant tissue it was found that controls, without

10-2 - _
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FIG. 4. Reducing sugar release induced by GA1.
GA3, GA, and GA6.

Table I. Reducing Sugar Released by Barlev Endosperm in the Presence of Residues fromii Ethyl Acetate

Treatment

Ethyl acetate (ml evaporated) *

log ;kg reducing sugar/vial

0

15
30
60

L.S.D. at p < 0.05
Water
Untreated ethyl acetate**
Untreated ethyl acetate shaken with sodium sulfate
Redistilled ethyl acetate
Redistilled ethyl acetate shaken Awith sodium sulfate

L.S.D. at p < 0.05

2.396
2.717
2.700
3.175
0.212
2.200
2.241
2.812
2.244
2.259
0.339

* 2 Samples assayed in triplicate.
** Duplicate 60 ml samples of ethyl acetate were evaporated, dissolved in 4 ml autoclaved distilled NN-ater, and trip-

licate 1 ml aliquots bioassayed.

GA1
GA 3
GA5
GA6

{I
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tissue, sometimes gave a significant response which
could be ascribed to neither the presence of reduc-
ing power nor to incomplete evaporation of ethyl
acetate. This aspect was of obvious interest and(
was investigated fturther.

Different volumes of ethyl acetate, which ha(l
been stored over sodiuim suilfate, were evaporated.
The residuies were dissolved in 4 ml auitoclaved,
(listille(l water, and 1 ml aliquots were testedI in
triplicate in the bioassay. The results (table I)
showed that the residtue from 60 ml had consider-
able activity (significant at p < 0.001) residules
from 30 and 15 ml had smaller, thouigh also sig-
nificant activity.

The results in table I also demonstrated that
the response was associated with storage over
solitim suilfate. Following such storage the active
agent can be removed by redistillation but in the
absence of sodiuim suilfate, redistillation (of fresl
ethyl acetate) is not required.

A similar effect has been reported (1) uinder
conditions in which ethyl acetate was shaken with
so(lillm bicarbonate solution. It was suiggested
that, like GA3, such residues induce a-amylase
formation in the aleutrone layer. Sodiutm acetate
was inferred as the active principle, butt in tests
where sodium acetate has been included as part
of a btuffer no such activity has been found (14).

These experiments confirm the report by Briggs
(3) that residues from ethyl acetate and other
organic solvents cauise a reducing sugar release
from barley endosperm. The chemical basis for
the effect remains obscture buit clearly it wotldl
be of valute to identify the active principle.

Comp(rison with Other Gibberellin Bioass(ays.
The conditions required for, and the relative per-
formances of, many of the gibberellin bioassays
are shown in table II. The column headed "Useful
range of sensitivity to GA3" is somewhat subjective
in that the lowest valuie is that amount which gives
a response judged to be greater than control and
the highest valuie is that amoulnt above which no
usefull increase in response occuirs. The range is
usually slightly greater than the linear range. All
of these responses are on a log-dosage basis; variouis
methods have been lised for plotting the response
lata but log transformationi is most common.

Tn 9 of the tests, sections of plants or organs
are uised; in the other 7, planits which are intact,
or largely so, are treated, and the response of a
part of the plant is measuire(l. Tn general, the
intact plant tests are slower and(I less sensitive than
the section tests. Frequently, however, only a
Fmall volu1me of solution (< 0.1 ml) is reqlutired to
treat the intact plants.

The uise of small volumes may be only an
apparent advantage since some of the section tests
will be able to respond strongly even after the
necessary dilution (table II). Larger (1 ml) vol-
uimes have the 2 added advantages of enabling
larger amoulnts of compouinds to be dissolved before

saturation of the solution occurs, and of ensuring
reasonably efficient elution of chromatogram sec-
tions. (In only 1 test, the dwarf pea epicotyl, has
interference dule to the presence of chromatogram
sections been reported.)

The most sensitive tests are the barley endo-
sperm, the dwarf pea epicotyl, the Rumex leaf
disc, and the Avena fatua embryo tests. These
can measuire GA3 at weights less than 10-4 g.
SuLch a level of sensitivity compares favorably with
the most sensitive auxin bioassay (the Aven(a
cuirvatutre and the pea root tests) and, fortunately,
the gibberellin bioassays are considerably simpler.

It shotuld be noted that the sensitivity ranges
quoted refer only to GA3, whereas in some hioassays
this is not the most active gibberellin. This is
particuilarly truie with the cuicumlber hypocotyl bio-
assay in which GA7 is nearly 1000 times more
active than GA. (8). Specificity in response to
different giibberellins is, of couirse, helpfuil in
qu,alitative determinations.

Most of these tests are thouight to be specific
for gibberellfins, at least with respect to plant
growth substances. Two notable exceptions are the
oat mesocotyl which also responds to IAA and the
dwarf bean leaf disc which responds to kinetin.
In the oat leaf base test, IAA is added to the
culture meditum.
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