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ABSTRACT

The Inhibiting activity of newly synthesized phenol(E-series) and triazine(T-series) derivatives was
evaluated by using thylakoid membranes extracted from cyanobacteria (Anacystis nidulans R,) . There were
no significant differences between phenol derivatives and dinoseb to the thylakoid membrane extracted from
wild type in the Hill reaction. However, a phenol derivative, E-24 which has no -Cl at phenyl ring, did
not show any activity. The longer the length of R substituents was in phenol derivatives, the lower inhibiting
activity was in the Hill reaction. Triazine derivatives, T-27, T-28, T-40, T-41, T-47 and T-48 were also
compared with diuron and atrazine. Among triazine compounds, T-27 and T-28 showed 10 and 30 times
activity as high as atrazine to wild type, respectively. Other triazine derivatives, T-40, T-41, T-47 and T
-48 showed low inhibiting activity to wild and mutant type, A structural difference of T-27 and T-28 from
T-40, T-41, T-47 and T-48 was the presenced of ~-C-NH-. Both T-27 and T-28 were very closely associated
with serine, an amino acid located at the 264th position of D1 protein because of the resistant ratio (R/S)
to mutant G-264 were higher than that of atrazine,
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Table 1. Compositions of media for extracting thylakoid membrane from cyanobacteria.

Medium 1

Medium 2

Medium 3. EDTA stock soln.

Medium 4, HEPES buffer soln.
Medium 5. MgCl, stock soln. :
Medium 6. DNAse-1 stock soln,
Medium 7

! Smg/5mi -
. Sucrose solution(1)
(pH 7.0)

Medium 8. Sucrose solution(2)
7.0

Medium 9. Sucrose solution(3)
(pH 7.0)

. Potassium phosphate buffer solution : 50mM(pH 6.8)

. Mannitol solution . 0.4M mannitol solved in 50mM potassium phosphate buffer(pH 6.8)
: 200mM EDTA solved in potassium phosphate buffer (pH 6.8)

: 20mM HEPES(pH 7.0) ---
IM MgCl, solved in 20mM HEPES buffer(pH 7.0)

Keep in 0—5C

:2M sucrose and 40mM MgCl, solved in 200mM HEPES buffer solution

Keep in 0.5C

. IM sucrose and 10mM MgCl, solved in SOmM HEPES buffer solution(pH

1 0.5M sucrose and 10mM MgCl, solved in 50mM HEPES buffer solution
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Fig. 1. Structure of phenol derivatives used in
the Hill reaction.
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Fig. 2. Structure of trizine derivatives used in
the Hill reaction,
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Table 2. Responses of the Hill reaction in thylakoid membrane extracted from cyanobacteria as
affected by several phenol derivatives,

Wild 50% inhibition concentration (M)
Compounds Type Di-1 G-264 Di-22

150 (M) 264Ser. = Ala 264Ser. = Gly 255Phe. = Leu.

264Ser. = Ala,

Diuron 2.2x10°8 2X107%(100} 4.8x10°7(20) 3.2Xx1073(1500)
Dinoseb 1.4x107¢ 3Ix10-7(0.2) 8.5X10-7(0.6) 2.3x10°%(1.6)
E 20 1.8X10°7 3X10°7(1.7) 4.7x107%(26) 1.6x1077(1)
E 21 2.6x1077 6.5x10°7(2.5) 1.2X10-5(50) 1X10°%(4)
E 22 3Ix10-7 8x10°7(2.7) 3X1075(10) 1.5X1077(0.5)
E 23 IX10-°¢ 3X10°7(0.3) 5.7x10°7(0.6) 1.2X10°7(0. 1)
E 24 ~ - - SX10-%

Note) The values in parentheses are ralative resistant ratio(R/S) calculated from the I, of relative

resistant mutants and wild type.
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Fig. 3. Effect of phenol compounds on ther-
moluminescence glow peak
Sample thylakoids treated with 20uM
each of the inhibitors were illuminated
with one flash at 0C, rapidly cooled
to —180°C, and then gradually warmed
in darkness(0.8C /sec) .
Thermoluminescence  during warming
was recorded against sample tempera-
ture.
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Table 3. Responses of the Hill reaction in thylakoid membrane extracted from cyanobacteria as affected by

several phenol derivatives.

wild 50% inhibition concentration (M)
Compounds Type Di-1 G-264 Di-22

15, (M) 264Ser. = Ala 264Ser .= Gly 255Phe. = Leu.

264Ser. = Ala,

Diuron 2.2x10-® 2X 10-¢(100) 4.8x10°7(20) 3.2 1075(1500)
Atrazine 3x10°7 1.2 10-4(400) 3X10-+(1000) 2X10°%(7)
T 27 3x10°8 5X 1074(17000) 4.2Xx1075(1400) 1.6Xx10-%(50)
T 28 9.1x10™° 2X 1074 (20000) 7.2 X 1073(8000) 2.2%1077(25)
T 40 6x10°% 1.3X1074(2) 3IX1074(5) IX1074(5)
T 41 1.7%x10°¢ 4.6x107%(0.3) 2.5%10-5(0.1) 1.9%x10°¢(51)
T 47 4x1077 - - 1.1x10¢
T 48 4x10-3

Note) The values in parentheses are ralative resistant ratio(R/S) calculated from the I, of relative

resistant mutants and wild type.

olFqlelx B3stm Aol Wit v AL=
Ho} urea 729} phenol %9 EfA= &
Zo|4] phenol¥-$lel 2j3 D, w#lale ojv)x
Ab ol ¥ol i’ Aol A=A, B
9 Aol7} Zuige] A4 EF F¥HA
2344 § 22 2o, 22y Hillkg A
#8442 diuron dinoseb sHEA2Ec} EA
vEps.

-27& 10W), T-28& 300h9) =& AL M
Aed, o H33ER 9wy o T-27, 282
-C-NH-7]%& 7H+e 24 54L& 240, 4
o] F-Foll i uhgAE vl A% 2641 #A
7} alanine2.2 X% Di-1d disq T-272
17,000, T-28 3H3HE-2 20, 000uh2) A 848

AYIGE FAM E-20, 21, 22 BFol W N N N
oF G-2640) AN vkt ARHE Hel S
diuron, dinosebs ¥ QeFe zARAn. 13 — 1
2 A% E-20€ divronst AR Lxad v T “””y\
peak® AT E-21, 2% A thzA dgb s 0 —

o248 AZ e APFAE e AR _§ e
FAY 5 Aoz (Fig. 3), E-20°] diuron®?}  awasine | /\ i~ ,_/J\
Mg e F2Ed gez oo #d e — | — 7 w_/\
phenolF2xche R A%7]9} ol7t 27h4el | /\ /\\
Sl AYFAE dironsl A¥FARAR S| Vv | S
A Zroiz A7 4 e, Wild typeolt o 8 50 o w0 756 -0 )
A olF 3EEel BF diuronic} Hillwk$ . T"””:“V”ﬂ”"“'"c’ o

A& @Adol ARt WelF Di-22¢0 M=
A& &Ado] FF3kAl et (Table 2) D, @A
Yol = MzA F&83= o3l A &
W& BoF: Aot

.02 ¥ triazine §%A T-27, 28, 40,
41, 47, 48 A WA E wlm FAbsko
(Table 3). H# wild typeell &+ Hillgh-g A
HEAL vaws) B )24 atrazinekct T

Fig. 4. Effect of triazine compounds on ther-
moluminescence glow peak
Sample thylakoids treated with 20pM
each of the inhibitors were illuminated
with one flash at 0°C, rapidly cooled
to —180°C, and then gradually warmed
in darkness(0.8°C /sec) .
Thermoluminescence during warming
was recorded against sample tempera-
ture.
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