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reported synthesis of poly(A)-containing mRNA, including that coding for a-amylase, was 
promoted by gibberellins in barley seeds. Similar results were obtained from studies with lettuce 
seeds (Halmer et al. 1976) and tomato seeds (Groot & Karssen 1987, Groot et al 1988) in which 
gibberellins stimulated the production of endo-ß-mannanase. This study was conducted to 
determine if similar protein-related processes are involved in woody plant bud dormancy. 
 
MATERIALS and METHODS 
Plant materials 

Dormant stems (22 cm long) of privet and spirea were forced in December in solution 
containing 200 mg 8-hydroxyquinoline citrate per liter and 2% sucrose plus different 
concentrations of GA3 or BA at 1, 10, 50 mg/l or IBA at 1, 10 or 25 mg/l as treatments with a no-
PGR treatment as a control.  These experiments were repeated in February with additional 
treatments of GA3 or BA at 100 mg/l.  Before forcing, the basal 1/3 of stems were soaked in a 15% 
bleach solution for 15 minutes followed by a rinse with distilled water for 2 minutes.  After cutting 
off the basal 0.3 cm, each stem was placed in its randomly assigned forcing solution to a depth of 7 
to 8 cm.  Forcing solutions were replaced with fresh solutions every 3 to 4 days. 

Dormant stems were also soaked with 15% bleach solution or water for 15 minutes as two 
treatments.  Other stems were not soaked and used as control.  All stems were rinsed with distilled 
water for 2 minutes.  After cutting off the basal 0.3 cm, each stem was placed in basic forcing 
solution (no PGR). 

New softwood growth was harvested from each treatment after forcing for 10 to 14 days. 
New softwood growth was also collected as samples for protein extraction based on shoot length 
from GA3 at 1 and 10 mg/l treatments and the control for privet to investigate the relationship of 
protein expression and shoot length.  Two naturally-occurring, distinquishable classes of shoots 
were used: a. long shoots (³  2 cm); b. short shoots (£ 1 cm).  Samples were stored in a -80oC 
freezer immediately after collection for later protein analysis. 
 
Protein extraction 

Deep-frozen samples were ground to a very fine powder in a pre-chilled mortar (chilled in 
a -80oC freezer).  Ground samples were reground in protein extraction buffer containing 20 mM 
Tris base, 4 mM dithiothreitol (DTT), and 1 mM ethylenediaminetetraacetic acid (EDTA).  Each 
sample was then centrifuged for 15 minutes at 4oC and 14,000 rpm. Supernatant was further 
centrifuged for 2 minutes under the same conditions.  This protein extract was used for analysis. 
 
Protein quantification 

Protein concentration for each treatment was determined as follows: a standard protein at 
0, 6.25, 12.5, 25 or 50 µl and the protein extraction from each treatment at 10 µl were prepared 
and poured into individual tubes.  After adding 2.5 ml of diluted dye (1 Bio-Rad protein assay 
dye: 4 distilled deionized water), each samples was thoroughly mixed in a vortex for 5 minutes. 
Further analysis was then conducted.  Absorbance reading was taken at 595 nm using a Beckman 
DU-20 spectrophotometer.  The readings from the standard protein set were used to create an 
equation by computer.  The concentration of proteins for each treatment was then calculated by 
applying the readings of protein extraction samples to the equation. 
 
Protein electrophoresis 

Sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) was used. A 
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mini polyacrylamide gel had two parts: resolving gel and stacking gel.  Resolving gel contained 
1.5 ml acrylamide, 1.95 ml distilled deionized water, 0.8 ml 5x buffer, 15 µl 10% APS 
(ammonium persulfate) and 1.5 µl Temed.  Stacking gel consisted of 0.2 ml acrylamide, 0.375 ml 
4x buffer, 0.925 ml distilled deionized water, 4.5 µl 10% APS and 2.5 µl Temed.  About 20 µg 
protein was loaded per lane for each treatment for both privet and spirea.  Standard protein (10 
µg) molecular weight marker (15, 21, 30, 54, 66 and 94 kd) was loaded at the same time in order 
to determine the separation of proteins.  Electrophoresis was run at about 100 volts for 1 hour. 
Data on expression of specific proteins were then recorded by examining the gel directly. 
Schematic representation was used in the figures since the protein concentration was so low. 
 
RESULTS AND DISCUSSION 

Protein expression of forced softwood growth was influenced by plant growth regulators 
added in forcing solution.  GA3 promoted total protein expression of forced softwood growth of 
privet and spirea (Figs. 1 & 2).  More protein was synthesized by increasing concentration of GA3. 
 Generally, it was thought that protein expression was associated with amount of growth.  
However, total protein production of softwood growth forced in 100 mg GA3 per liter treatment 
was highest or near the highest for privet and spirea, although shoot elongation was suppressed for 
privet and spirea (Fig. 3) and percent bud break of spirea was decreased (Yang & Read, 1991). 

Total protein production between longer shoots (³  2cm) and shorter shoots (£ 1 cm) forced 
in the same solution and condition was not different at the 0.05 level, although longer shoots 
produced slightly more protein.  Therefore, we propose that GA3 in forcing solution stimulated 
protein expression and then growth.  This conclusion is supported by research showing that GA3 
sprayed on dwarf pea seedlings enhanced cell wall mRNA level and invertase activity which 
resulted in an increase of hexoses required for cell wall formation, biosynthesis of starch, 
regulation of turgor pressure in elongating cells, and synthesis of ATP, thus stimulating shoot 
elongation (Wu et al. 1993, Brock & Kaufman 1991).  Sutliff et al. (1993) also confirmed that GA3 
treatment stimulated the binding activity of nuclear protein factors toward gibberellin response 
complex sequences from barley a-amylase gene promoter.  Several other studies with tomato, 
barley, wheat and lettuce seed dormancy, in which GA3 caused synthesis of enzymes prior to 
elongation (Paleg 1960, Higgins et al. 1976, Halmer et al. 1976, Groot & Karssen 1987, Bush 
1992) also support this conclusion. 

GA3 also stimulated expression of specific proteins by forced softwood growth of tested 
species.  For privet (Fig. 2), proteins around 50 kd were solely expressed in new growth forced in 
50 mg GA3 per liter treatment.  Expression of proteins around 64 kd was promoted by increasing 
GA3 concentration.  Proteins around 30 kd was observed in softwood growth from GA3 at 10 and 
50 mg/l treatments.  For spirea, proteins around 30 kd were exclusively expressed by those 
softwood shoots forced in 50 mg GA3 per liter.  Proteins around 66, 80 and 94 kd was observed 
for GA3 at 10 and 50 mg/l treatments.  Expression of 60 kd proteins was enhanced by increasing 
GA3. 

BA promoted protein expression of privet (data not shown) and spirea (Fig. 4).  Total 
protein production was increased by BA concentration for spirea.  Expression of specific proteins 
of forced softwood growth was also enhanced.  Proteins around 20 kd were only lightly expressed 
by forced privet softwood growth in 50 mg BA per liter treatment.  Proteins 40 kd were only 
observed for spirea in 50 mg BA per liter treatment.  Proteins around 30, 66, 72 and 94 kd were 
expressed in 1 and 50 BA mg per liter treatments.  Proteins around 60 kd were observed from all 
BA treatments (1, 10 or 50 mg/l) and the control, but expression of proteins in 1 and 50 mg/l was 
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greater than in 10 mg/l and the control. 
IBA enhanced total protein expression of forced softwood growth of privet (data not 

shown).  IBA also caused production of specific proteins for privet.  Proteins around 20 kd were 
observed only in 10 and 25 mg/l treatments, while proteins around 60 kd were expressed in 1, 10 
or 25 mg/l treatments.  However, expression of these specific proteins was very light. 

In order to better understand how pre-forcing treatments helped to break bud dormancy of 
woody species, another experiment was conducted to study if the pre-forcing bleach treatment 
stimulated any molecular process, in terms of protein expression, since such treatment has been 
shown to stimulate bud break (Yang 1989, Yang & Read 1992).  Total protein expression in 
forced privet softwood shoots was not influenced by pre-forcing treatments. 

These findings increased our understanding of influences of plant growth regulators in 
forcing solution on bud break, shoot elongation of forced softwood growth and further effects on 
the subsequent in vitro and rooting performances of forced softwood growth used as explant and 
cutting materials for woody plants.  However, these findings about effects of PGR in forcing 
solution on protein expression of forced softwood growth have to be considered as preliminary.  
More work needs to be done in order to identify and quantify the specific proteins and to 
determine possible cause and effect relationships. 
 
CONCLUSIONS 

Protein expression in forced softwood growth of tested woody species was stimulated by 
GA3, BA and IBA in the forcing solution.  Protein expression was not influenced by pre-forcing 
soak treatments.  These findings enable us to better understand bud dormancy physiology of  
woody plants at protein level, in terms of the relationship of bud break and plant growth regulators 
added in the forcing solution.  However, more precise work needs to be done. 
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Figure 1. GA3 in the forcing solution enhanced  Figure 2. GA3 in the forcing solution enhanced  
expression of particular proteins of privet.  expression of particular proteins of spirea. 
 

 
 

Figure 3. GA3 at 100 mg/l in the forcing solution suppressed elongation of forced softwood shoots of 
privet (left) and spirea (right) (from left to right: GA3 at 0, 1, 10, 50, or 100 mg/l). 
 

 
Figure 4. BA in the forcing solution enhanced 
expression of particular proteins of spirea 
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