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Histochemical Studies on the Cytoplasmic
Male-sterility of Some Crops

V. Changes of phosphorylase activities
and inorganic phosphorous in
sugar beet anther

Chikahiro Tsupa, Hiroshi NAKASHIMA
and Sadaji Hosokawa
(Laboratory of Industrial Crops, Faculty of Agriculture,
Hokkaido University, Sapporo. Japan)
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Fig. 1. Phosphorylase reaction by G-1-P
substrate. Newly formed starch is stained
purplish by IKI and looks like the soluble
starch.

Fig. 2. Inorganic phosphorus forms the yel-
low crystals or drops of phospho-ammo-
nium-molybdate by ammonium molybdate
treatment.
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Fig. 3. Starch and inorganic phosphorus
reaction during anther development.
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Table 1. Reactions of starch and inorganic phosphorous

A. Starch
Developmental stage of anthers
Intensity of :
Type reacti Microspore

tion Pollen ;
tetrad 1 I I Pollen Anthesis

— . 1 . 3 2

+ . 9 9 25 15

T . 5 7 3 o

# . 7 9 2 1 .

. H 1 9 . . . .
Fertile " 5 5 : :
LC-03

(SLC-03) Total of

observed 6 22 24 18 32 17

anthers

Average of 433 3.96 1.92 161 1.06 0.88

reaction .
— . . . . . 3
& . . . 1 1 6
+ . . 2 4 7 3
+ . 1 4 2 5 2

: # 2 4 7 10 3 .

Sterile " 9 4 2 1 5 :
(SL.9490-M) Total of
obsreved 11 9 15 18 16 14
anthers
Average of
reaction 482 4.33 3.60 3.33 2.63 1.29
Chi-square n.s. n.s. 21.16%*x  18.22%K* 22.53%** 8.62%
B. Inorganic Phosphorous
. Developmental stage of anthers
Intensity o :
Type reaction Pollen Microspore Poll Anthesi
tetrad I I 101 ofien S18
— 5 12 . . . 12
+ 1 3 2 . 1 1
+ . 7 4 1 8 3
H . . 12 6 6 1
H +# . 5 9 17 .
Fertile I : 1 5 ! ;
(SLC-03) Total of
obsreved 6 22 24 18 32 17
anthers
Average of
reaction 0.17 0.77 2.96 3.67 3.22 0.59
— i0 7 4 2 . 6
+ 1 1 4 5 1 T
+ . . 3 6 5 2
+ . 1 3 3 6 4
Sterile m : 1 2 4 1
SL 9460-M
( ) Total of
observed 11 9 15 18 16 14
anthers
Average of
reaction 0.09 0.44 153 1.89 2.81 150
Chi-square n.s. n.s 12.82% 18.03%** 3.80 7.02
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Table 2. Phosphorylase reaction of fresh anthers
treated by G-1-P

Anther

length below 0.9 mm above 0.9 mm
Type Incubation
period 0 6 18 30 42 0 6 18 30 42
(hrs.)
+ 2 2 . . . 8 3 2 5 1
+ 16 3 1 1 1 6 4 9 9 4
+# 5 2 2 1 . . 1 7 8 2
_ H# 4 . . 3 2 . . 2 6 4
Fertile W . . . . . . . 2
(SLC-03) Total of
observed 27 7 3 5 3 14 8 20 28 13
anthers
Average of 5, 50 97 34 37 14 18 25 25 32
reaction
. . 4 . ..
+ . . . . . . 2 . 2 2
+ 2 . 1 . . 6 5 5 4 .
. # 31 . 1 . 3 6 8 5 1
Sterile # 3 2 2 6 1 11 1 3 8 4
(SL9460-M) Total of
observed 8 3 3 7 1 24 14 16 19 7
anthers
Average of
reaction 41 4.7 4.3 4.9 5.0 3.7 34 3.9 4.0 4.0
Table 3. Phosphorylase reaction of anthers after
darking treatment
Type Fertile (SLC-03) Sterile (SL 9460-M)
Incubation
period (hrs) 0 20 48 0 20 48
— 65 . . .
- . 38 12 1
+ . 31 16 29
+ . 8 15 19
# . 2 5 13
Starch ik . . . 2
Reaction Total of
observed 65 79 48 64
anthers
Average of
reaction 1.00 1.67 2.27 2.78
_ 2 . . 6 . .
+ B . . . 1 .
+ 3 2 . 6 6 .
+ 4 6 4 3 21 10
. # 7 27 21 . 23 33
Inorganlc i 12 20 . 1 7
phosphorus
Reaction Total of
observed 16 47 45 15 52 50
anthers
Average of 2.87 4.04 436 1.40 333 3.94
reaction - : . : § :
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Intensity of reaction

0

48(hrs)

Fig. 4. Changes in starch and inorganic
phosphorus after the G-1-P treat-
ment in dark.

1
20 Incubation period

Symbols are the same as Fig. 3.
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Summary

The authors observed the difference in the starch
reaction in the endothecium of anthers between
fertile and male-sterile types of sugar beets. With
the purpose of obtaining some informations about
the physiological causes of this difference, the
authors investigated the activity of phosphorylase
which will play an indespensable role for the starch
metabolism in endothecium, and the reaction of
the inorganic phosphorus which is accompanied
with the phosphorylase reaction.

The results can be summarised as follows:

1. In fresh anthers, the reaction of inorganic
phosphorus observed by the utilization of ammoni-
um molybdate became conspicuous gradually in
fertile anther as the age of anther advanced to the
pollen stage at which the reproductive and vege-
tative nuclei are completed, and after this stage,
the reaction decreased. The intensity of reaction
in male-sterile anther was weaker than that in

fertile anther during all the developmental stages
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of anther except at anthesis, though the increase
of the reaction was continued until the develop-
mental stage immediately before the anthesis.

2. No difference was observed in the starch
accumulation by the treatment with G-1-P sub-
strate between these two types. Being treated
with this substrate, the inorganic phosphorus re-
action was increased in both types, and the degree
of increase in this reaction appeared to be higher

in male-sterile anther in comparison with that in
fertile anther.

On the basis of results mentioned above, it was
estimated that no decrease in the phosphorylase
activity directing to the starch synthesis exists in
the male-sterile anther, and the difference in the
intensity of the inorganic phosphorus reaction
might be due to the difference in the protein
metabolism between two types.



