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cAMP effect on swelling of etiolated barley and oat leaf protoplasts
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Summary

The effect of cAMP on the swelling of protoplasts isolated from the primary
leaves of etiolated barley and oat was studied,

The presence of 50ul dibutyryl cAMP caused protoplast swelling, The red light
irradiation after adding dibutyryl cAMP enhanced the increase of protoplast size,
It is likely that cAMP and phytochrome have common regulatory mechanism media-
ting protoplast swelling.

The protoplast swelling of oat and barley leaves was accelerated by
indicating that cAMP, phytochrome and GAj3 were closely involved in pro-

GA3 addi-

tion,
toplast swelling,

The electron microscopic pictures showed that red light irradia
plastid development in oat protoplasts and GAj addition increased the vacuole size,

tion made better
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Table 1. Composition of culture solution.

Macronutrients per liter Vitamins per liter
NH;NO; 1650 mg Glycine 2
KNO3 1300mg Nicotinic acid 0.5
CaCly - 2H,0 440 mg o
MgSO4‘ 7H20 370mg Pyl'ldOXlﬂe -HCI 0,5
KH:POy 170 mg Thiamine -HCI 0.1

Micronutrients per liter

Growth regulator per liter
Na)EDTA 37.25 mg
FeSO4- 7H,0 27,85 mg Kinetin 10 .8mg
MnSO4- 4H20 22,3mg

IAA 10
ZnSOy - 4H,0 8. 6mg me
H3B03 6 . 2 mg
KI 0.83mg Sugars per liter
NayMnOy4 - 2H50 0.25mg
CuSO,- 5H,0 0 025mg Sucrose 34.259
CoCly- 6H,0 0.025mg Myoinositol 100mg
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Transmittance(%)

) Wavelength(nm)
Figure 1. Absorption spectra of filters used for the

safe light quality control.

A: 5% w /v CuSO,

B: Green acryl C : Blue acryl

D: Blue acryl+Green acryl+5%
w /v CuSO,

Table 2. Enzyme mixtures used for protoplast isolation from barley and
oat leaves.

Plant species Enzyme mixtures

Barley 5 % W/V Cellulase-RS(Yacult Pharmaceutical
Industry Co. Ltd, Japan)
0.25% W/V Macerozyme-R10(Yacult Pharmaceu-
tical Industry Co, Ltd, Japan)
0.25% W/V Hemicellulase(Sigma Chem.Co.USA)
0.6 M Sorbitol

gH 6.8

Oat 2 % W/V Cellulysin(Cabiochem. CA)
0.2 % W/V Macerase(Calbiochem, CA)
0.5% W/V BSA
5mM MES
0.6 M Sorbitol
pH 5.8

—-50 —
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Table 3. Fixation solution for electron micrograph.

Fixation solution composition

3 % Glutaraldehyde
1%
0.6 M Sorbitol

Osmium tetraoxide

Murashige -Skoog medium

pH 5.8

A3 9 ui

1. XElszol M2 cAMP
dibutyryl cAMP 2| &1}
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Table 4. Effect of cAMP concentration on the shze .of etiolated bariey

protoplasts.

Treatments*

Mean diameter

Increase in diameter

um + SE** um = SE
Control 20.65 + 0,38
10uM cAMP 21,57 £ 0,45 0,92 & 0,59
20uM cAMP 22,07 + 0.41 1.42 + 0.56
50 M cAMP 22.65 + 0.43 2.00 + 0,57
100uM cAMP 23,06 + 0,48 2,41 + 0.61
250 uM cAMP 22 62 + 0,46 1,97 £ 0,60

x

All treatments were given immediately after isolation of protoplasts and

the size was measured after 2hr-incubation at 4°C,

*k

The SE values refer to size distribution of 50 protoplasts counted,
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Table 5. Effect of dibutyryl cAMP concentration on the size of etiolated

barley protoplasts.

Mean diameter

Increase in diameter

Treatments* um + SE* um * SE
Control 21.40 £ 0,42
10 uM dBcAMP 22,40 + 049 1.00 + 0.65
20 yM dBcAMP 22 85 + 046 1,45 + 0,63
50 uM dBcAMP 24 26 + 0 43 2.86 + 0.60
100 uM dBcAMP 24,38 + 0,48 2,98 + 0,64
200 uM dBcAMP 24,15+ 0,35 2 .75+ 0_55

* All treatments were given immediately after isolation of protoplasts and the

size was measured after 2hr-incubation at 4°C,

** The SE values refer to size distribution of 50 protoplasts counted.

2. cAMPZ2} dibutyryl cAMP X 2|
o] HHAZH0) 2 BWEE

cAMP 8} dibutyryl cAMP % %.81¢ pro-
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o o 4 Fa3E FAsigdch
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Heleol sl A A=l A2 o3
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Ak Fel A FEgaA 2 2%l &
H7b Az A4 D Ao (table 6, 7) F
H, #elY protoplast 31 A+
cAMP & #Hzlgl & o 48 A7
% S7Hskg st ( table 8),

dibutyryl
FARE A

Table 6. Effect of incubation time on the size and viability of etiolated

barley protoplasts.

Mean diameter um *+ SE

Ohr Z2hr 4hr 12hr
Control 22.03 £0.29 2157+0.2% 21.24+ 027 21 69+ 0,28
50 uM cAMP 272+0.28 21.90 £0.29 21.94+0.24
diameter (um)* 1.15 0.66 0.25
Viability { %) 89.6 86.4 83.7 798

* Protoplast size differences between control and cAMP treatments at each

corresponding incubation time.



8 Cheju App. Rad. Res.

Inst. Ann. Report Vol.3(1988)

Table 7. Effect of incubation time on the size and viability of etiolated
barley protoplasts.
Mean diameter um * SE
Ohr 2hr 4hr 12hr
Control 21.35+0.23 22,30+0.28 22,49+ 0,22 22,23+0.29
50 uM dibutyryl cAMP 23694+ 0,29 2.93+0.25 22,48+0.30
diameter ( um)* 1.39 0,44 0.25
Viability (%) 849 79.4 80 2 71.7

* Protoplast size differences between control and dibutyryl cAMP treatments
at each corresponding incubation time.

Table 8. Effect of incubation time on the size of etiolated oat protoplast.

Mean diameter um + SE

Ohr 2hr 4hr 12hr 24hr 48hr
Control 20,00%1.75 20.06+1.86 20.36+1.98 22.80+2.42 23514285 24.53+2.32
so‘c'mlib“tml 21,25+ 30 22.23+1.77 33.27+263 33.66+2.84 35964222

diameter (um)* 1.19

1.87

10.5 10,2 11.4

*

Protoplast size differences between control and dibutyryl cAMP treatments

at each corresponding incubation time,

3. cAMP % dibutyryl cAMP 0f
ot RSI} Hlm
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Table 9. Effect of cAMP and dibutyryl cAMP on the size of etiolated
oat-and-barley-leaf protoplasts.

Oat** Barley™*
Treatments* Mean diameter Increase in Mean diameter Increase in
diameter diameter
um + SE*** um * SE um * SE um + SE
Control 24 53+ 2 32 21.40 £ 0,42
50 uM cAMP 3017+ 2.90 5.64 £3.71 23 40 +0 43 2.00 057
50uM dibutyryl cAMP 3596+ 2 22 11,43+ 321 24,26 £0 43 2.8 10,60

*
xx
otk

AKX

B a7t AA Jdehd Aoz ARl
#2198 protoplast 3 Fol pelu 4
2 olfv € Ad sz e s gAS
FA1§ #f2l E3¢] phytochrome 4452 ¢]
2 el vl YFEoe o vlF B

All treatments were given immediately after isolation of protoplasts.
The size of oat protoplast was measured after 48hr—incubation at 4°C,
The size of barley protoplast was measured after 2hr-incubation at 4°C,

The SE values refer to size distribution of 50 protoplasts counted.

4. 52| protoplast 0| A{2] cAMP2}
phytochrome 2| At& A2

cAMP ¢} dibutyryl cAMP 9] 43342 <
ohusl slal FzAA 448 weALAA

o} phytochrome #8217} ne2loles ©t2r] E2l" protoplast o] cAMP E& dibutyryl
el Aoz s et cAMP & el & el A7 & AR
% ZAAA protoplast 3 FEAE 24
2 A3} table 10, 113 Zef
Table 10. Effect of cAMP and cAMP combined with light on the size of
etiolated barley protoplasts.
Mean diameter Increase in Significance
Treatments* Rep. diameter
um + SE** um + SE group at 5%
Control 3 20,51 0. 42 a
0w cAMP 3 21,47 = 0.46 0.9% * 0,62 b
0uM cAMP+Red 3 21,81 %041 1.30 £0.59 b
BuM cAMP+ Far red 3 20,51 + 0,48 0.00+0.48 a

*

Red and far red irradiation was of 2 min duration and protoplast size was

measured after Zhr—incubation at 4 °C,

*k

The SE values refer to size distribution of 50 protoplasts counted.
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Table 11. Effect of dibutyryl cAMP and dibutyryl cAMP combined with light
on the size of etiolated barley protoplasts.

Mean diameter Increase in Significance
Treatments™® Rep. diameter
um * SE*  um * SE group at 5%
Control 3 21,36 * 0,43 a
0 uM dBcAMP 3 22.50% 0,38 1,14+ 0,57 b
50uM dBcAMP+Red 3 22,92+0,43 1,56+ 0,61 b
50uM dBcAMP+Far red 3 2163+0.38 0,27 +0.,57 a

*

Red and far red irradiation was of 2 min duration and protoplast size was

measured after 2hr—incubation at 4°C,

%

cAMP =t dibutyryl cAMPE 2§t &
A A 43¢ FAsbd protoplast % &0 4
298 LY + Aot db=ed, 343 o
A HA4dB & ZAHAFIE cAMP EE di-
butyryl cAMP 3 elol 93 A FFHE £
459 &€ 4 F A

g, adenyl cyclase 8 2424l pros-
tacyclin & =54z A$ =& F43 %
Aol 3 &4l AP protoplast S} &%

The SE values refer to size distribution of 50 protoplasts counted,

b #abs] 2} gfokeh (table 12), H @l
protoplast ol 4 prostacyclin &l 7} 3 §%
7 et Rud Kim §(17) o #Foe
A2 gAEx @n Adedl X AYd A
prostacyclin £ +4¥ F 5 g8
AR Fato g abgel ubx| o] HAS S ¢
H7l e Aoz 4R}

Table 12. Effect of prostacyciin and prostacyclin combined with light on the
size of etiolated barley protoplasts.

; Increase in S
t Signif

Treatments®* Rep. Mean dJar:: er diameter ignificance

um + SE um * SE group at 5%
Control 3 22,98 0 52 a
50uM Prostacyclin 3 22,4704 -0.51 =069 a
50uM Prostacyclim+Red 3 2246*05 —0.52+0,77 a

50uM Prostacyclin + +

e Stas 3 22,65%0,47 —0.33 *0.62 a

£ 3

Red and Far red irradiation was of 2 min duration and protoplast size was

measured after 2hr—incubation at 4°C,

The SE values refer to size distribution of 50 protoplasts counted.
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5. A4y 39 3% oo #e A EolE SelA  [AA
484 3 A AB4RzA 24 ( 1aa, ST protoplast 2I7F AAAE 23(9) 5

Kinetin, GA3) %t’“’('] GA3 = 1‘119‘}' :f]a] = %i]i}-z\ o]-x_r’“ o] ]‘%%f’ﬂ‘_ ‘L}B}- Ag
A4 protoplast & A A7 2} Kinetin & 32244 Fgel 2 dehde Aol b

Aol Ak, 2L [AAE A8 3 gastsh B AALR
dzict (table 13) .

Table 13. Effect of kinetin, IAA and GA concentration of the size of etiolated
oat and barley protoplasts.

Oat** Barley *™**

Treatments® - y -
Mean diameter 1nCrease in  Mean diameter l0Crease in

diameter SE diameter

um + SE um * SE um * um + SE

Control 2833 2,78 22 60+ 0,40

50uM Kinetin 33,05 +2.01 472 +3 .43 22 .58 + 0,61 —0.04+0.73
10uM [AA 30,8 *+3.,88 255 +4.72 22991+0.45 0,37+ 0.60
50uM GA 32,37 £3.72 4,04 464 24 13+ 0.47 1,72* 0,62

* All treatments were given immediately after isolation of protoplasts.

** The size of oat protoplast was measured after 48hr—incubation at 4°C,
*** The size of barley protoplast was measured after 2hr—incubation at 4 °C.
=** The SE values refer to size distribution of 50 protoplasts counted

6. protoplast 2] MX|HD|Y &S
#2198 protoplast & H4%, 32|43, GAg Wi, A AR ARAAE 43 Helad
2 Mzlstd 4TA WMFg Hol Axade] Pplastd 47t AE AL LAY F+ Y&,
4 %48 AL A3k figure 2,3,4,59 3 o1 FH A GA; Hesb AALAA
et G5 A ol JFE Tkl A =
Ay 2AE Z2AY ASuch plastid A& sl AR A AEE H
wrebe] &AM SYL GA; HeldA€ AEs & nojol HHE ¢ AL Aolebn 4=t
A gL e & 5 =k
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g
e L2

Plate 1. Electron micrograph of the etiolated Oat protopart ( 14,000 x)

Plate 2. Electron micrograph of the etiolated Oat protoplart (14,000 X)
treated with red light,
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. . . ,
Piate 3. Electron micrograph af the etiolated ocat protoplast (14,000 x)

treated with far red.

-

Plate 4, Electron microgr@h of the etiol
treated with GAj,

4

ated oat protoplast (14,000 x)

13
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