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Summary. A bioassay is described which is dependent upon the fact that 
gibberellin induced a-amylase release from barley half-seeds is proportional to the 
logarithm of gibberellin concentration applied. This bioassay has been successfully 
applied to the estimation of gibberellhl-like substances in plant extracts. The 
bioassay has the following advantages: 1) Release of c~-amylase is one step closer 
to the primal T site of action of GA; 2) release of a-amylase is not affected by sol- 
vent residues and is apparently completely specific for gibberellin; 3) release of 
a-amylase is not affected by substances other than gibberellins present in crude 
plant extracts. 

Gibberellic acid (GA3) and other gibberellins enhance the release of 
reducing substances from barley endosperm (PAL~G, 1960; Yo~o, 1960). 
The quanti ty of reducing substances released is proportional to the 
logarithm of gibberellin concentration applied (PAL~G et al., 1964; NI- 
C~OLLS and P~nG,  1964). This proportionality has provided a basis for 
the estimation of gibberellins in plant extracts (CooMB~ and C o ~ ,  1964). 
However, in our hands, this bioassay has proved erratic, perhaps because 
traces of a wide variety of substances present as impurities in the organic 
solvents used to prepare the plant extracts cause the release (or interfere 
with the measurement) of reducing substances from barley endosperm 
(B~IGGS, 1966). 

The release of reducing substances is primarily a result of the gib- 
berellin-dependent synthesis and secretion of ~-amylase by the aleurone 
layers (Yo~o, 1960; VA~E~ and C~A~DnA0 1964). Thus, the production 
of ~-amylase is one step nearer to the primary site of action of gibberellin. 
Therefore, measurement of g-amylase activity as a gibberel]in bioassay 
may be expected to be less susceptible to non-specific interferences. 
Direct measurement of the C-amylase released by the barley endosperm 
has proved to be a simple, reproducible bioassay which is insensitive to 
solvent residues. 

Procedure 

Seeds of Hordeum vulgate (cv. 'Himalaya'), 1963 harvest, were cut 
in half transversely and the embryo portion discarded. The endosperm 
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halves were sterilized by  soaking in a 1% sodium hypochlorite (commer- 
cial bleach) solution for twenty  minutes, followed by  three washings in 
sterile water. Sterilized seeds were imbibed on sterile sand in 10-em 
(4-inch) Petr i  dishes each containing 100 gm ignited sand moistened 
with 20 ml sterile water. Following a 3-day imbibition period, 10 half- 
seeds each were transferred to 25 ml Erlenmeyer flasks containing two 
micromoles of acetate buffer (pH 4.8), 20 micromoles of calcium chloride 
and the solution to be tested, in a final volume of 2 ml. The flasks con- 
raining the calcium chloride and buffer were autoclaved prior to com- 
mencement of the incubation period. As an added precaution against 
microbial contamination, 20 ~g of chloramphenieol can be added to each 
flask. Incubat ion of the half-seeds was continued for 24 hours at 250 with 
continuous shaking at 40 oscillations/minute. 

Following the incubation period, the medium was decanted into 
100 • 7.5 m m  centrifuge tubes and washings totalling another 3 ml were 
added. After this, the tubes were centrifuged for 10 minutes at  2,000 • g. 

The assay for ~-amylase was accomplished using suitable volumes 
(0.02--0.2 ml) of the supernatant  fraction of the medium together with 
sufficient water  to make a total  volume of 1.0 ml. The reaction was 
started by  adding to the medium 1.0 ml of the starch snbstrate and 
allowed to continue for a suitable period of t ime (1--10 minutes). The 
reaction was stopped by  addition of 1.0 m] of iodine reagent. To this final 
reaction mixture, 5.0 ml of distilled water was added, mixed, and the 
optical density (O.D.) read at  620 m~z. 

The decrease in O.D. at 620 m~ is directly proportional to the quan- 
t i ty  of ~-amylase present in the reaction mixture. The most accurate 
results are obtained by  adjusting the enzyme aliquot and the t ime so 
tha t  the optical density of the starch-iodine complex is about  half the 
optical density of the zero.time control. Optical density values are con- 
verted to micrograms =-amylase released using a factor which is obtained 
for each particular starch sample by  incubation with a pure =-amylase 
preparation:  

~g ~-amylase ~- A0.D.•215 
t •  

T~ ~ volume of supernatant  
AO.D. -~ O.D. of zero-time control minus O.D. of sample 
C.F. = conversion factor for starch sample 
t = time of incubation with starch 
v = volume of supernatant  taken for incubation 

Preparation o/ Starch and Iodine Reagents. The starch solution for 
a-amylase assay was prepared f rom 150 mg of native (not solublized) 
pota to  starch, 600 mg KH~PO a and 200 ~M calcium chloride in a total  
volume of 100 ml of distilled water. The mixture was boiled for one 
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minute, cooled, then centrifuged for 10 minutes at 3,000 • g. The clear 
supernatant was decanted off and used for assay. 

The iodine stock solution was prepared by mixing 6 gm of potassium 
iodide and 600 mg of iodine in 100 ml of water. One ml of the stock 
solution was added to 0.05 N hydrochloric acid to give a final volume of 
100 ml. This is used to stop the ~-amylase reaction. 
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Fig. 1. Relationship between gibberellie acid (gAs) concentration and  a-amylase release f rombarley 
half-seeds 

Fig. 2. Barley half-seed and  d~ corn mutan t  assays of extracts of 20 Pharbitis nil seeds. Ext rac ts  
chromatographed on a thin layer of Silica gel H and developed in a mixture of chloroformlethyl 

acetate/acetic acid (60: 40:5 v/v) 

0.05 ~g/ml (Fig. 1). Other gibberetlins were also tested in this system 
(Table 1). Gibberellins A1, A 4 and A T were found to be comparable to 
GA s with respect to ~-amylase release; GA 5 on the other hand was con- 
siderably less effective. As expected, the pattern of response to the various 
gibberellins is similar to that  for sugar release from barley half-seeds 
(PALEG et al., 1964). 

This method of measuring gibberellin-indueed ~-amylase release is also 
suitable for the bioassay of gibberellin-like substances present in plant 
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Table 1. Potency of different gibberellins, expressed as percentage of GAs-activity 

Gibberellin Concentration ~g/ml 

0.0005 0.005 0.05 0.5 

Gibberellie acid (GAs) 100 100 100 100 
GA 1 80 100 100 100 
GA 7 70 73 78 80 
GA 4 74 70 82 80 
GA s 10 10 40 65 

extracts  and agar diffusates (Fig. 2). An  ext rac t  of 20 Pharbitis nil seeds 
known to  contain gibberellin-like substances was chromatographed on a 
th in  layer  of silica gel. Following development  of the chromatogram,  the 

Table 2. Effect o/ ethyl acetate and 
methanol residues on s-amylase. Release 

/rein barley half-seeds 

Treatment ~g 
a-amylase 
in medium 

Water control 3.0 
GA s 0.05 vg/ml 78.3 
GA 3 0.005 ~g/ml 25.0 
Ethyl acetate 500 ml 1.* 4.0 
Ethyl acetate 500 ml 2.** 3.2 
Ethyl acetate 250 m] 1.* 1.9 
Ethyl acetate 250 ml 2.** 1.6 
MeOH 250 ml 1.* 1.6 
MeOH 250 ml 2.** 4.0 

* Residue following initial eva- 
poration of "Reagent" grade solvent. 

** Distillate from initial evapora- 
tion re-distilled. 

gel was divided into 10 equal portions 
corresponding to  Rf  0.0--1.0,  and 
each zone was eluted w/th water- 
sa tura ted  ethyl  acetate.  The eluates 
were reduced to  dryness in vacuo, 
redissolved in 1 ml of acetate buffer 
(pi t  4.8) and incubated with half- 
seeds. Al though the extract  contains 
substances which markedly  inhibit  
lettuce root  and hypoco ty l  growth,  
substantial  ~-amylase release was 
seen in fractions containing gibberel- 
lin-like substances. A similar number  
of Pharbilis seeds were also extracted 
and the chromatographed extracts  
assayed with the d 5 corn (Zea mays)  
mutan t .  The pa t te rn  of biological 
act ivi ty  obtained b y  the corn-mutan t  

assay resembled tha t  obtained b y  measuring ~-amylase release, except 
t h a t  biological act ivi ty  due to  a GAs-like substance was absent f rom the 
~-amylase assay. 

The release of ~-amylase f rom bar ley half seeds is t hough t  to  be 
specific to  gibberellins, in contrast  to  sugar release which is affected b y  
residues present in certain solvents (BIclOGS, 1966). Briggs showed tha t  
the residue present following evaporat ion of 500 ml of e thyl  acetate 
caused significant sugar release f rom barley half seeds. Similar experi- 
ments  were performed to  determine whether  solvent " tai ls"  affected 
~-amylase release. The results are summarized in Table 2. As can be seen, 
the residues had  no effect on ~-amylase release f rom barley endosperm 
pieces. 
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Discussion 

The measure of gibbere]lin-indnced g-amylase release from barley 
half seeds provides a suitable method for the bioassay of gibberellin-like 
substances. The induction of g-amylase synthesis and its subsequent 
secretion is specific to gibberellins; neither auxins nor cytokinins have 
any effect in this system (M. J. CHRISeEELS, personal communication). 
I t  is, however, inhibited by various naturally occurring growth inhibitors. 
Cm~ISP~ELS and VA~EI~ (1966) have shown that  abscisin I I  can inhibit 
the effect of gibberellin in inducing g-amylase synthesis, although, on a 
molecular basis, approximately ten times as much abscisin is required to 
inhibit the GA-induced response. As abscisin has been found in several 
plant extracts (Co~FO~T~ et al., 1966), the preparation of dilution series 
would appear necessary to obtain truly quantitative data on a bioassay 
of plant extracts for gibberellins. 

Another source of error in the 
measurement of ~-amylase released 
from half-seeds may arise from the 
presence of microbial contaminants in 
the surrounding medium. In contrast 
to the sugar-release assay described 
by PAL~G et al. (1964), where the 
presence of microorganisms may 
amplify sugar release, microorga- 
nisms denature and destroy g-amy- 

Table 3. E/]ect o/ethanol on s-amylase 
release/tom barley hal/seeds 

Treatment c~-amylase 
in medium ~g 

Water control ~ 10 
Water -~ 1% EtOH < 10 
GA s 10 -e M 312 
GA a 10 -6 M -~ 1% EtOH 120 
GA a 10-6 5I-~2% EtOH 36 

lase. Thus measurement of g-amylase released never yields a false positive 
test for gibberellins. However, microbial contamination is seldom a 
problem if, as indicated in the Methods section, aseptic procedures are 
used in the preparation of both the seeds and medium. Addition of 
chloramphenicol at 20 ~zg/ml effeetivelyin hibits bacterial growth and, at this 
concentration, has no known effect on plant metabolism (WILson, 1966). 

Residues from organic solvents have no effect on g-amylase release. 
This suggests that  the reducing substances released by organic solvent 
residues must be a result of hydrolysis by an enzyme other than g-amy- 
lase, possibly fl-amylase. This suggestion is strengthened by the fact 
that  ethanol at a concentration of 5% caused significant release of 
reducing sugars (BI~ICGS, 1966) while c~-amylase release is inhibited by a 
concentration of 2 % ethanol (Table 3). 

Although all the experiments described above were performed with 
one variety of barley seed, other cereal seeds have been shown to produce 
g-amylase when treated with GA a (MenD et al., 1960; OGAWA and 
I~AMV~A, 1965). The choice of harvest from which barley seeds are taken 
has been shown to be important. Newly harvested seeds contain sub- 
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stantial  levels of endogenous gibberellin which give rise to  high "back- 
~ o u n d "  levels of ~-amylase. Also, the  amount  of ~-amylase released is 
greater  f rom aged than  t h a t  f rom newly harves ted  barley seeds. I t  m a y  
often prove useful to  check a number  of samples of commercial ly available 
barley and then  secure an adequate  supply of the  opt imal  one, i.e., having 
lowest "background"  and highest ~-amylase release. 

Five gibberellins were tes ted for biological ac t iv i ty  in this system, 
namely  A1, A~, At ,  A 5 and  AT, and of these, GA 5 is the  least effective in 
st imulat ing ~-amylase release. Because the assay is much  less sensitive 
to  GA 5, a gibberellin f requent ly  found in plant  extracts  (W~ST and 
P m ~ w v ,  1959; MAC~ILLA~ et al., 1960), the method  should be used 
either in conjunct ion with a bioassay sys tem which is known to be sen- 
sitive to  a wider spect rum of gibbereUins (for example, dwarf  corn mutan t s  
or le t tuce hypocotyl) ,  or after an initial screening with such abioassay.  

Bibliography 
BRIoOS, D. E. : Residues from organic solvents showing gibberellin-like biological 

activity. Nature (Lond.) 210, 4 1 9 ~ 2 1  (1966). 
C~ISP~ELs, M.J.,  and J. E. V ~ E R :  AbscisinlI inhibition of gibberellic acid 

induced formation of ~-amylase. Nature (Lond.) (in press) (1966). 
COO•BE, B. G., and D. CO~E~: Laboratory instructions - -  gibberellin bioassay 

using barley endosperm. University of Adelaide, Department of Plant Physiology 
1964. 

COB~Yo~T~I, J. W., B. V. M~BO~ROW, and G. RYBACK: Identification and estima- 
tion of (+)  abscisinlI ('dormin') in plant extracts by spectropolarimetry. 
Nature (Loud.) 210, 627--628 (1966). 

MACmILLAn, J., J. C. SEATO~, and P. S. SUTER: Plant hormones. I. Isolation of 
gibberellin A 1 and gibberellin A 5 from PhaseoIus multiflorus. Tetrahedron 11, 
60--66 (1960). 

Mo~o, M. S., Y. POMEXANZ, and J. A. SaELLE~BE~O: The effects of gibberellic 
acid on alpha-amylase in wheat endosperms. Phyton (B. Aires) 20, 59--64 
(1963). 

NIC]~OLLS, P. B., and L. PALING: :Barley endosperm bioassay for gibberellins. Nature 
(Lond.) 199, 824 (1963). 

O~AWA, Y., and S. I~AMV~A: Effect of plant extracts and gibberellin A 3 on ~- 
amylase production in embryoless rice endosperm in relation to growth-promot- 
ing activity. Proc. Japan Acad. 41, 842--845 (1965). 

PALEG, L. G.: Physiological effects of gibbereUic acid: I. On carbohydrate meta- 
bolism and amylase activity of barley endosperm. Plant Physiol. 85, 293--299 
(1960). 

- -  D. ASPI~ALL, ]3. COO~aBE, and P. NIC~0LLS: Physiological effects of gibberellic 
acid: VL Other gibberellins in three test systems. Plant Physiol. 89, 286--290 
(1964). 

VA~E~, J. E., and G. RA~ C~A~D~: Hormonal control of enzyme synthesis in 
barley endosperm. Proc. nat. Acad. Sci. (Wash.) 52, 100--106 (1964). 

WEST, C.A., and B. O. Pm~NEY: Gibberellins from flowering plants I. Isolation 
and properties of a gibberellin from Phaseolus vulgaris L. J. Amer. Chem. Soc. 
81, 2424--2427 (1959). 



The Bioassay of Gibberellins 161 

WiLson, C.M.: Bacteria, antibiotics and amino acid incorporation into maize 
endosperm protein bodies. Plant Physiol. 41, 325--327 (1966). 

Yo~o, H. : Studies on the amylase activating substances. (Pt. 5.) Purification of the 
amylase activating substance in the barley malt and its properties. Hakko 
Kyokai Shi 18, 603--606 (1960). 

R. L. J o ~ s  J .E .  V ~ a ~ R  
Department of Botany, MSU/AEC Plant Research Laboratory, 
University of California Michigan State University 
Berkeley, California 94720 (USA) East Lansing, Michigan 48823 (USA) 


