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ABSTRACT

Using barley seeds (Hordewm sativum Jess, var)), the influences of gibberellic
acid (GA) and indole-3-acetic acid (IAA) on the amylase synthesis and that of
the nucleic acid metabolism were investigated.

1. With the deembryonized barley seeds, the increase of amylase treated with a
107*M of GA and the decrease of amylase treated with 10°M IAA were
matched by a proportionate increase and decrease in the amount of RNA.
The influence of the hormones on the RNA synthesis has appeared imme-
diately after the treatment but on the amylase synthesis it has appeared
8 hours later. But no influence on the DNA. synthesis was observed on hoth
hormones.

2. The amylase from deembryonized barley seeds treated with GA and IAA
have been fractionated by gel filteration on Sephadex G-100." The amylase
components showed four fractions on both enzymes treated with GA and TAA.
Fraction I (FI) was differed from fraction IV (FIV) in K value and the
effects of temperature, pH and metal ions. On the basis of their emzymatic
properties, it was considered that the FI was J-amylase and FIV was a-amy-
lase. The influences of GA and IAA on each fractions appeared to be similar
but on the amylase units per souble protein, TAA inhjbited the production
of amylase FIV while it promoted that of amylase FI.

3. An experiment was conducted to determine whether TAA inhibits GA-promoted
amylase synthesis competitively or non-competitively. Using a Lineweaver-
Burk plot, it was clear that IAA was acting in a non-competitive fashion.
From this, JAA was probably not competing with GA at the same site, but it
was acting at some other site which resulted in partial blocking of the action
of GA on the amylase synthesis.
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A3 gobe Aol maH am glwh(Nishitai ef af.,
1958; Yomo, 1930). =% Jacobsen® Varner(1967)
2 wre}bE 2] aleurcne =3 o] protease®E 3
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wols) AEEFAA $£33 amylaser a-g 8-
amylas=2] isozymee] 9A7A] BRI H $ 0 (Fryd-
enbzrg and Nielsen, 1965) o1&®& =5 GA =4
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2 4 2.9 (3000rpm/15min) 5} AFFR 2 F &) 3l
AEL T4 18 4449 A w44 EE
St AFa -2 99 Ad gl crude amylase® g
gk

3. DNA 9 RNA9| F&at 0 ghafe] &3
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1. Michaelis AF=(Km)

Starch(CICA) & acetate buferd] S+ o8 =
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IAA on Amylase Synthesis
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Macerate 1 g of half seeds
in 0. 1M tris-HC1 buffer at 4°C

Centrifuge (3,000 rpm/15min)

13
Supernatant Preciiitate
I
. pm5% PCA Macerate in 0.1M tris-HCl buffer
Cool to 2°C \ Centrifuge (3,000rpm/15min)
Centrifuge . Suéernatant Précipitate
(5, 000rpm/15min) (discard)
i !
Supernatant Precipitate
(discard) Treat with 0.5N KOH(37°C/20hr)
Add 5% PCA
‘Cool to 2°C
Centrifuge (5, 000rpm/15min)
1 1
Supernatant Precipitate
N Add 5% PCA at 2°C
i Centrifuge(5, 000rpm/15min)
RNA | l '
— Supernatant Precipitate
Boil with 5% PCA(100°C/15min)
Cool
Centrifuge (5, 000rpm/15min)
! il
Supernatant Precipitate
N Add 5% PCA
Centrifuge (5, 000rpm/
15min)
[‘B_I\?A_I Supernatant Precipitate
L (discard)
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1. Amylase2| Protein Mol n|xj= GAS} IAA9]

=3

GAd JAAZ A& ZEREFIAY amylase:
proteing] FHL& wlok 8§47 AxE Wy 2A8
Aol dgland ek 24 N A FAL Ex00] gyl
v} (Table 1,2 ¥ Fig 1,2).

= GA Ao o amylase 4-3.& Wk g AL 7
AE kst A8 kot wiok 244 7k A2 W ek
A 9l ol 2P em 2443 ¥ oks] controld] ¥ &
AAE 4v] H5d o] 29,

TAAAH A Aukal o= amylase 44o] o]

Table 1. Amylase activities of embryoless barley

half-seeds incubated with GA and IAA at 25°C
(units/g)

Time of incubation, hrs

Treatment 0 5 8 14 24
Control 21.60 20.40 24.80 33.75 47.20
GA(107M) 21.60 22.50 23.20 83.75 192.80
IAAQ0M)  21.60 17.52 18.13 25.00 28.40
GA-+IAA 21.60 16.25 20.63 26.25 149.60
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Fig.1. Amylase synthesis in embryoless barley
half-seeds incubated with GA and IAA at 25°C.
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24717k vleFel A control e} A2 3w gk =42
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Soluble protein®] 4-4e] @3 | % hormones] I
s amylase A4 7 2 A4 bl ok GAA
#lo] wE amylase 4% 22L& Palegsl Varner
(1964), Yomo (1960), Brigg (1963) @ Chrispeelss)-
Varner(1967) 5] 2z 9k glew Chrispeelss)
Varner(1967) ¢+ Filner ¢} Varner (1967)%& GAE &

Table 2. Soluble protein contents of embryoless

barley half-seeds incubated with GA and IAA
at 25°C{mg/g)

Time of incubation, hrs

Treatment 0 5 8 14 24
Control 10.91 11.38 11.07 11.12 11.36
GA(10"°M) 10.91 l_l. 16 11.52 15.27 19.78
TIAA (10-°M) 10.91 10.82 10.30 10.61 10.91
GA-+IAA 10.91 11.05 11.09 11.67 12.22
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Fig.2. Soluble protein synthesis in embryoless
barley half-gseeds incubated with GA and IAA at

25°C.
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Table 3. DNA contents of embryoless barley
half-seeds incubated with GA and IAA at
25°C(ue/g)

Time of incubation, hrs

Treatment 0 5 3 14 24

Control 102 105 103 102 103
GAQ0*M) 102 107 104 102 104
IAA(107°M) 102 101 103 104 102
GA+TAA 102 102 105 103 103

Table 4. RNA contents of embryoless barley
half-seeds incubated with GA and TAA at 25°C

(ng/g)
Time of incubation, hra
Treatment 0 5 8 4 .24
Control 2.40 2,04 2.10 2.09 2.03
GA(10-°M) 2.40 2,51 2.83 4.16 5.72°
TAA(10-M) 2.40 2.74 1.86 1,90 1.90
GA+TAA 2.40 2,18 2.50 -3.17 4.40

Chai and Chung—GA and TAA on Amvlase Synthesis
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Fig. 3. RNA synthesis in embryoloss barley half-
seeds incubated with GA and 1AA at 25°C.
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Fig.4. Sephadex G-100 column elution patterns
of amylasz from 1 g embryoless barley ha-
1f-seeds incubated with GA and IAA for 24 hrs
at 25°C. Sample volume was 10 ml. The column
was eluted with I mM acetate buffer, pH 5.0.
Flow rates were 12 ml/hr and 3 ml fractions
were collected.
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Fig. 5. Sephadex G-100 column elution patterns
of amylase from 1 g embryoless barley ha-
1f-seeds incubated with GA and JAA for 24
hrs at 25°C. Sample volume was adjusted
containing 5mg soluble protein. The column
was eluted 1 mM acetate buffer, pH 5.0. Flow
rates were 12 ml/br and 3 ml fractions were
collected.
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o)A & IAA oA Exr} soluble proteind] -E=1F
S @2l ohE s F A EY Aoz S5
4. Crude Amylase2l =1 Fraction(FI, FIV)2| 4

shaty ME

1. Michaelis AF4=(Km)

Table 59 Fig.7,8¢]4] 3E spsizgte] Flst FIVY
Km & Z43 6.18x107%, 2.40X107* g/m/® & &
o] 7+ glgl=t

2. A8 (KD)

Table 63 Fig. 9 ¥ 1014 2E whst Fo] crude
amylasest Fle] 4= Cu**(0~5. 0mM)d] & she oA
Hhg-o] g9k FIVa A Alubge] 93w Kid
el Ax Kmszt @t37tA 2 Fl& FIVe 44 $39%

Table 5. Km values of crude amylase and its

fractions from embryoless barley half-seeds
incubated with GA and IAA for 24 hours at

25°C(g/ml)

Amylase fraction

Treatment Crude FI FIV
Control 5.02X107*  6.27}107% 2.24% 10
GA(107°M) 4.78X107% 6.06x107% 2.04x107*
TAA(107M) 5.28X107* 6.20X107* 2.44%107*
Mean 5.03x107% 6.18X107% 2.24%107*
t
3
; 0 2 3 3

* Km=50310"M |

E
Fig. 6. Lineweaver-Burk plot of crude amylase.
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Fig. 7. Lineweaver-Burk plot of FL
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Fig. 8 Lineweaver-Burk plot of FIV.
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Table 6. Ki values of crude amylase and its
fractions from embryoless barley half-seeds
incubated with GA and IAA for 24 hours at
25°C(mM)

Amylase fraction

‘Trea’ ment Crude FI FIV
Contral 7.72x10°* 1.27%10"* Mo inhibition
GA(107°M)  7.60x107% 1.25x107* ”
TAAQI0®M) 7.59x107% 1.24x107* 7
Mean 7.64%107 1.25x10°% "

15 - T T

L
1 2 3
Cu** (mM)

Fig. 9. Plot for the inhibition constant of Cu**
on the activities of crude amylase,
The substrates were 1 % (o) and 2 %( «) starch.

4t

pHe Fgd A= 214 pHe 9 A7} gant

pH 3.541 48] f4R4ddE Aol} el A FI& gk,
FIVE &4 s

Fdol 2o Hit HEAHE Mn**o] ZE amylase
d &gAelgont Cu st He**e FlO 4 o135
Yetd 2 FIVA A& &alel v o471 gyt

A= FIs FIVE Km, Ki, &%, pHd 43 ¢4
4, FEo| e 4% TAA Aely} g maHTH
AAe] st2ehi A4 JeEbigch

Harris(1962), Koeen®- (1943)£ 5o =%t 44
%, Meyer (195D 2=} pHl ¢ o] & A3

<]

I : L 1
-2 -1 0 . 1 2 3
Ki=125+107 M cut(mM)

Fig. 10. Plot for the inhibition constant of Cu**
on the activities of FI. The substrate conc-
entrations were 1% () and 2%( -) starch.

Fel a— 9 f—amylased] o] sle] F Ak

=%t Harris(1962), Frydenbergs). Nielsen(1966)-&
FEHETS amylase isozym=L E&3 o} gl «-
amylaget= Ag**, Cu"” Hg*'¢ 22 F&ojgd 9
g ikx] g0} Samylase: o A E et
a s

o] % &5 & 49449 25, pHY S £
3 4oz xol FI-& S-amylase, FIVE: a-amyl-
agesl Ao = A4

%3 Swimmerst Ball(1949) & A®#ET2] a-amy-
lased HA stz 2 E=befe] 60,0008l slg ot
Fishersl Stein(1960)& < 50,000, Bilderback(1974)
2. 45,0000} 2} wrE el ob. B-Amylase’= Waldsch-
midt-Leitz § (1964)<1 &ls 93.0002= =A|4sgle
1+ Cooper 8} Pollock(1957)-2 15,20,40,60.70 ¥ 80
X108 d= FH=2 FA=H] dotz stdd.

Bilderback (1974) = 86, 000, 180,000, 400, 000 9]
A Feor TLdged ¢ f-amylase L
4] c}oky & dimer, tetramer, octamer® &£ shr] o
Eeletz shgl=.

ol g A4 1R ¥ o AEETFH f-amylase
£ a-amylage 3t} oA = $xlzke] & A= 29
FT G gE ¢ bl & AdAAR TiNaa]
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Table 7. Some biochemical properties of ¢rode umylase and jts fractiems of embryoless barley half-
seeds incubated with GA and TAA for 24 kours at 25°C

Response to ions of

Temperature pH heavy metals
Optimum Sensitivity . Sen31t1v1ty
emp. to Optmﬁxm Mn*+ Cu** Hg*+
Amylase (&) 70°C p pH 3 5
Control Crude 40 - 6.0 — activated  inhibited  inhibited
F1 40 lahile 5.0 stable ” ” "
FIV 40 stable 6.0 labile ” no no
sensitive sensitive
GA Crude 40 - 5.0 — activated  inhibited inhibited
(107°M) F1 40 labile 5.0 stable ” " ”
FIV 40 stable 6.0 labile ” no no
sensitive sensitive
T1AA Crude 40 - 5.0 — activated  inhibited inhibited
(10-°M) FI 40 labile 5.0 stable ” ” "
FIV 40 stable 6.0 labile p no no
sensitive sensitive
AAd gle] A f-amylase® 4 7= Flo] a-amylase
2 3dx2 FIV 25 gel filterationd = =] 1—3}-3}- | ! T ! _{
of FAgkel 2 e& Vel g+t SIAARTS M)
5. Amylase WAJo) THSt GA W IAAe) AFSTH
GAd] )¢k amylased] AJ4J&=0) IAAd] =t i
A4 Aoz vebubpd 44 IAAE GAd a4
Cojnl WAlEA FEAGEAE gob wskeh "
Khansl Faust(1967)% 2-chloroethyl trimethy- §
lammonium chloride(CCC)$} 7-2- growth retardant > 1
= TAAs] vlaital 2 AEETFA A amylase 442 ';‘,.,;
oA 5] of 7] IAAE 7Pl JAAW retardant g
: b i
Table 8. Effect of an inhibitory concentration =
of IAA(107°M) on the linear amylase activity
by embryoless barley half-seeds incubated :
with the concentration range of 10 %~107°M GA al 1
for 24 -hours at 25°C
Activity of amylase(units/g)
Treatment
GA, M —IAA(107°M) +IAA(107°M) L | .

0 2 4 [
1x10™ 9.2 6.8 1/ GA CONCAM)
1X10°7 85.6 56.0
2%1077 111.2 90.4 Fig. 11. Lineweaver-Burk plot, showing effect
4X107 154.0 125.2 of an 11?h4b1tory concentration of TAA(107°M)

- on the linear amylase activity by embryoless
6x10 186.0 144. ¢ bariey half-seeds incubated with the concent-
8X107" 205.2 170.4 ration range of 1078~10"*M GA for 24 hours at
13100 . . 210.4 177.6 25°C.
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