+
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A g

AEMI wfGrlES AEME T Rolzt AE
2 ¢ 548 AE A2t gleh E oY Jas FI wUEHs AE
MEZe HEel 7HALds A By, FAYEHHL a7 d g
%33 $EEIYY A7 HJEZAE oj¢ Fesich deu HESHAZ g
Aol Ago] gAY Haded Be AFE e o Hilstelol siB
2 HENAY A ST JEAM FEI JAHAEHA S AT e F
g Tl tiet Mol oy #YY JEAEY RHez AENIAEZES
ol-&% oz A gict HIZ wdAEATl vehlE Wl & ol &3] Maza
e T ErAYel ©ewh olulel TEE AHY ZTEHA Ut vz ZolA
MdAEE o]l dF2gel e dusla ¥yl
Hojgirh. o| 28t FE 7l o oA X (photoautotrophic cultured cells: PAMZE )=
TZ23F, 7153 "o ddEet TPt € £ A of¢ U =
HE 7RI ool Aold BAstAA FHAE Zigol 2L s & shestA st

T}(Nishida et al.,1980. Sato et al., 1988a,b: Taketa et al., 1989).

do
2,
)
of
&
Io
il
L
N,
oy

s

5 YSYIPYOE AR

o'}!, Ho

A1 8ol Etad A=A el A (photosynthetic electron transport: PET)E 7]
T A zAe] bt o] F 9o LI g ¥oluzl A EAE| e
FolZA & dFgodoirt. #HI o] Foke] Aol ML HASIH 53] FIA

Il (photosystem [I)of cisfAd s BatAZatd = Lo 23 AxaALAS

fu

o=y
e ol

X,

iy
ok

stagle ©de Jiga Fx7 A" + e dAdzA =gstnact. o
E E9 DOMUSL atrazine H& 7I® A ZAH = Figure 1ofld Lielis 0A%) 0B
FE-e] Alolof £t 32 KD Wiz (D-1 i, B wEAezw Eelg)o
Zgots Aol FHE glaw of whygAe] Fgelnil widE olv] B
o] 9l T} (Zurawski et al,, 1982; Hirschberg and Mclntosh, 1983 Goloubinoff

et al., 1984; Kleier et al., 1987), X% atrazine ol 3t A Hoe]Rg)
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ATEHE 32 KD ghg e o otmlate] A WHEE o Hsde o
32 wi=rl= ZHo] utsl® THHirschberg et al., 1984: Erickson et al.,
1985: Trebst, 1986). ©|4e] T7=Z %8 32 KD @)oo oisf Hojx oz o
ArE vehde AEE BYES MUste AL AxA T AEHA A

2ot ozl AEANYA FHME o] ony} Qe AL Az ol

oj ot Tl PET A A2AE P Z4F HEALY 2FA A4
< F2 Aiades 2ZFUES F8 o] FolA o] w2 v &3 ATE Y
az3te 5 olaidel wWrh wtotlet 2 UEFEE B 4}
FE olfo] A dolelE A7t ol stzlvt. g dbEobe] of A U
< dAH LR in vitroolAd FH;IR 9= As iz FHolel 2ok PET o
AL FAAE FET thylakoid & AM&3te] HillWhg AABYoz 2=
2 H3Eo] oigr FA Al (molecular design) 7t 715 st ot A EHE A1 &3t
dEdztels A3gdo] dutzo s Wy wio] 83 dFAAdozs 4l
g Aol Yri(Yoshida et al,, 1990). o] #FoA Eof in vitrogl in vivo
o] FAE FAldd ol &Y oE Zoer AzH Az vidME 53] PaMEZE
A-gste] ZHE ofAlo] tE wrE2 FAlete] AMEA] 2R AMAAFOE AL
F&gol d3l FE stdeon ot FYyAH AAY M2A HEgd MEFe A
4 oHl o] Zobel thd EAMEEHA HZTY AFLE &S A Toh(Kwak et

al., 1989: Sato et al., 1988a, 1990).
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B0 =2
L i

1. UG AT HIY
Atz o HNEMZ wfgAjol =g wjAFel Hriste] gz dstelA o
o

Fl ALy} gl o]z gt wWalo] Zof ok i (heterotrophiv cells: HAIE) S
BzAselA GEEE BLAD Rl MHE SAHA s AT W

th webd AEA Zo] FPYHYVOIE AsE MEZE AUANAL MY

242 AFHE 2 ARALS B3 IALHES e ATFE BYY
Wt ok 2 MAEAUE WHAY MEEAS o AT HAslE
A wAs A eds ATE Woh oloyo] wEle] oy QB A o7}
SAH Holol 8 o] olletm = AL WMo MTTHEE Holn
Bad el ofs) AR MEZ SUSE A3 wae NBAI ARHste

A T2 ¢ vk I W, Bl oY e2RE AL HT due=HE
A FAAY Aol dold ZleR HAaHI gl
fFAAMol 7t &AM JFEHE dASIL AA driie #EY ¢ gdE A

2,

e

A (albino type)oll A=

2

A A BEE HEZFEH PAME

g Hyste 242 gon Aw7A
BEUILSHLE o] Jhesitta Rad A

L. Amaranthus cruentus(Chunhe
et al., 1988), Asparagus officinalis(Peel, 1982), Chenopodium rubrum
(Husemann and Barz, 1977), Cytisus scoparius(Yamada and Sato, 1978),
Datura innoxia(Chunhe et al., 1988), Digitalis purpurea(Hagimori et al.,
1984), Glycine max(Horn et al., 1983), Gossypium hirsutum(Blair et al.,
1988), Hyoscyamus niger(Yasuda et al., 1880), Marchantia polymorpha(Ohta
et al., 1977), Nicotiana tabacum(Yamada and Sato, 1978), Spinachia
oleracea(Dalton, 1980), Solanum tuberosum(lLa Rosa et al., 1984) =2} Z&

HEolrt. HE Y BZFol ol ZHEHY 27UAE Ad3las
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FAZS HAss TASNCh TAGHNIE FE PAAET} @oid ot~ m} e} 7}
dagoz AR o et AZAEelA s Ffet Y+ glzvh(Peel, 1982).
Y FHMHMEE vt F8ste =4 oA dRAE FY
Aol AeZ R it wIAEdE BIF GE5AY I A
A AAEE 7127 AL vt A A A zdR T8 dAteln =
g Y]z uoddt WMAMTZE FxAA wIsE AL waEtaA] de AR
7t gt
whela PAMIE S ol ofm We] stE A de] Wasich &y
225 foldtx|nt A HEHol e HETS wHY $x gt FEY LA
FEYZ o PP IA FoAE Ve o+ dch A1y $yEE wA A
25 REY F IS & 3F drin AZAHE S0 Y2 2
daFzzold Agsts Wyelnt, A2 HHPLS AEY HFHE
FEgguie 2ol gt AY FSYASHAEE st et

PAMI Y] wieFZ A, TRufere] ojx M= FSHIINTS B

Hj
A

r|r

1 E
Ju
e

N

e

oeh, ¥ Gduled =eolM o A2 FEY F2E(8.000~10,000 lux)
eb €Oz FE(1~5%)ejtt, Afol weldE AR YS WEE AE Yadioh
A g PAME S S5, A W owjoke sl Ruge] g EHES #Ha

5l &7 th(Yamada and Sato, 1983: Husemann, 1984: Sato, 1986).

]
ol
I
)
off,

F M (PAM|ZE)E ©|-&8F PET HAAlL] A

AR es gy EHR Zo] 23] Jted Aladelx
2 odugt ASHE s X 7] ARl Y slss HA6l
HogE olfd # qrh o Aol el PAMES FYA Jeged F2 A
Fdzeta 48 5 Ak

()
e,
rEE
ity
lo

flr
ik
1
>
[

1) ZEmsiFe] ot #4F Aol chet ParxiEel wtg
SatoS (1087)2 7122 FHEoslGe] o8 ZF MEAHE AEste] )

(N. tabacum)2] FZEgdIHE(PAME), ZFEEZ oM E (photonixotrophic
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cells: PMM®E), TG SHZHAZ) ¥ FAEA nas A =A549d
Az}, Table 1 oA &} o] zt wjdMEHE 2t Az o gt REZAdo] 2T}
fazate] AE7 o3

sl A oA 8 (Atrazine, Diuron, Propanil) XX FHEold A

e 2 venddoh ez A g7 e FH RN = A

(Paraquat, Nitrofen)E PAMZE X PMAMREE o &31H H22E&S AAY +
Qlths 7bed& Alabsteleh. =R PAMIE, PMAMIZ Ot HAMZ S 2574 (plso)
& AxaEA zb e AEHIIEE ok R FHY 5 A& A

Tho& U oAy mE BT AzAY FSE MM IsoPAME s

il

B

= 60~10,00028 2 42 & UYehided 88 #F& YRR A = A

Az 1~5 FEL] w2 "1'“—']"3— vrebiglet. 53] PaAMlEZE A=A db o]

e

=3

Aohe T Ay AzAol vl B A Vehd RS AxAY 2N
woluet AzA] ety AEFe Ay ¥ AzA ol AP 2FBYe
AaAzE, GelhNEe BW4 A5 FAAEEN $85Y A0S 44U

O

Table 1. Cffects of herbicides on the growth of photoautotrophically(PA),
photomixotrophically (PM),and heterotrophically (H) cultured
cells and seedlings (S) of tLobacco.

lso * (uMW)
Isa(H)/

Herbicide PA PM | S 150 PA)
Atrazine 0.1 0.5 100 0.1 1000
Diuron 0.02 1.0 200 0.03 10000
Propanil 0.1 20 100 1.0 1000
Paraquat 0.07 2.0 20 0.4 300
Nitrofen 0.5 0.5 30 1.0 60
Diphenami 200 300 200 300¢< 1
Dinoseb 0.2 2.0 0.6 0.3 3
2,4-D 2.0 10 10 5.0 5
Glyphosat 200 500 700 50 3.
NaClOs 600%™~ G gw K 0.15
DTP 3.0 40 20 10 6.
Bialaphos 0.2 0.5 0.6 1.0 3

" Iso i The concentralion in which half ol the growlh of cells were
inhibited by the addition of herbicides tested.
" mM
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2) PAMEZE ol 88 AL3 7= e o= FAA Ao

Kwak 5 (1989)2 A 2o] 34 &t cyclohexanedione S E# ¢l #=4] Zo] 28
FUAAHAAAL(PET) AAAE A w@ujel PM, PAME T 2to]z)
(Marchantia polymorpha)?] PAs|3fof tigt ubg-2& = aAlste] alsr  ZH SR A
H AHEAY #dg wdsts AFAAHEL AustedchHKwak et al., 1989
Sato et al., 1990). °|& HYEEL 719 BaH o s3] d& o|sfsl
A+42] Yoshida®tab ZLgol s 4= odth(Asani et al., 1986, 1988). I
T Ay AEH PANEESES 42 A=) Yapadails T&of os) s
AR 25 FEATE AEE sysldnt. wule] wjdM T s LS7)Euf=] o)
Suj2] ®EbRlzl NAA 10 gM, Kinetin 1 gM& 3 7}EF o afujx|of Al - 4to] 7] 2]
i et M5132F B5e] 44 7] Ewi]ofl casamino acid(l g/L), glutamine (0.3
g/L), 2,4-D (1 ppm)Z& H7I3 AAulalefA vjoFsict PAMEZL 5 23 slufx
£ AbE-ste] 1~2%2 FEIH €0 FRolM, PMMEE sucrose 3% & M 7pak o
712 Aol 5,000 lux Z=F3te] 100 rpplE X Estaich. wujel pa, PMA =
4 w2 ZF HYES T iAo NPT E A A F 2y &
2] chlorophyll #%& ZHsle] AABH S Totgdonm Latoly] parse] cof
AAME AR FTHE AMESe] 2t YR YL st 7 sy =
A FH o] ofgh B3 Hillubg, cress seedling A%, pot A WS dhof 1y
F3tgdeh HEL PET MsEAHLS DCIPLE T E I HillNISo® &2Hsig
}. Cress seedling AHL FAdA Yolat cressol Zt x| ez 27}
sto] 17 Fol ol thy Maia&E, pot AYS 85 Exzzo s A
A 2] (50g/a) 2 A A8l 2H&-S = a}s}odrt.

Table 2= cyclohexanedione F+E A& lipophillic part®] alkylzl&] Zlo]
of vt ZE el Aoz REHFE(1~12)0M ZHg PETH s (Hilletg
X E RATd T Hoxle 6~8712 pethylzlgdot, 28U pad =
cress seedling B A A 2ol iz B2 pethyl7] 7} 67) o]4 RE= -y
of @ASHA HolAch alkylzle] F7he #HTES A2 thylakoid U7}

Ao e HEE Yssls Aoz Atg"Hch @M P Zo] s
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Table 2. Effects of cyclohexane derivatlives{compound [-12) on Hlifl reaction,
the growith of PM and PA cultured cells, seedlings and whole plants.

[}
CH,(CH n— x—@—cu, {I /‘/\ HALO
0

Tobacco Liverwort Cress
Compounds| X n | Hill reaction PMcells PAcelis PAgcelis  scedings  Pottest

(Plso”) (Plso)  (Plso) (Plso) (Plso) (%°)

1 2 6.7 6.0 4.7 5.1 4.1 40

2 4 7.8 5.3 4.2 4.8 3.6 20

3 6 8.4 5.3 4.5 3.7 4.3 5

4 8 8.2 5.1 4.0 <3 3.7 5

5 10 7.3 5.4 <4 <3 <3 5

6 12 6.3 5.7 <4 <3 <3 B

7 O 1 6.0 54 4.7 4.9 4.5 51

8 0O 3 7.1 5.6 4.8 5.1 47 33

9 O 5 7.7 £.3 4.4 4.8 3.9 15

10 Q 7 8.1 5.0 4.0 <3 3.3 0

11 O 9 7.9 5.0 <4 <3 <3 0

12 o 11 7.2 5.6 <4 <3 <3 0
DCMU 7.3 6.5 6.4 6.4 H?2 100

® plg, indicatets negative logarithms of log mole
concetntartion required for 50% inhibition.
100 means complete inhibition at the level of 50g ai/a.

alkyl7]e] F7tet FA el AY wixd EHE Bl Table 39 F$E £
S (13~24) 0l 7ZHE PET JAEY Rohjel A N EA o] isfisds vzl

& AxBEE verddch alkylZ1e] F7ho] tigh 2 A AR HEe
&2 AZ(Table 2)9t ¥ldt AU Rogom HAY 2213719 lipophillic
partE 7t HE (14, 15, 19~21)elM PAME = A N EHo] cis] 2y =
4g Holth Table 4ol M= HAHe) TxXFe] TUSE B Ao welx B
Qd EHEE 26 AAY BE AYBA PANEY A UEA )N g Az E
E uehddch of 7ol PAMIEo] Wi AL HillEgI A AEX B

= =

4t F2 AJFE Hoth,  ZAE cyclohexanedione FE A ZolA HIE 14,
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Table 3. Effects of cyclobexane derivatives{compounds 13-24) on Illill reactijon,
ihe growith of PM and PA cuitured cells, seedlings and whole plants.

Q
Hﬁ—@—x-—ﬂCHz)n f /:\:/\/o\/
0

Tobacco Liverwort Cress
Compounds | X n | Hill reaction PMcells PAcells PAcells seedlings  Pottest

(Plso”) (Plso) (Plso) (Plso) {Plso) (")
13 2 6.2 53 4.5 5.2 3.7 73
14 3 7.8 6.3 5.4 6.1 4.8 90
15 4 7.2 b4 4.9 5.0 4.4 88
16 5 7.6 52 4.0 4.8 4.0 84
17 7 7.9 5.3 4.1 35 35 83
18 9 7.4 5.3 <4 «3 <3 43
19 o 2 71 6.0 4.9 5.7 473 96
20 1O 3 7.1 6.5 6.1 5.7 4.4 95
21 O 4 7.3 8.2 57 5.3 4.1 93
22 QO 6 7.8 6.0 46 4.6 3.8 70
23 O 8 7.7 5.8 4.4 <3 3.2 45
24 o 10 7.3 6.0 <4 <3 <3 33

19~213F 29~31 & ciEA < PET JAAQ poMuet A FE S B 4l
2% PET A8 UAZANL 7tedE At et

228 cyclohexanedione =AM o] ¥t PAME L] plsos B HEAHE A
&% in vivo BHE AT B ABBA( = 0.75)F ol, AT PET AA
e FAAL 98] PANZE 2 AE7 4SS vehigoh £ A¥elA

PET AxAe AANEEAN Wujet $4tolr)e] PAMEE A& stalnt. wul PAM

Ak,
Ato]7l2] PAMEE whul PaM ol W] Aol wiE Pohrlet AlET TYF

chlorophyll & 3Fo] mo} 4tAH F(oxygen electrode) 2 Ab&3te] PET oA%

& A=stA 53T 4 glglchKvak et al., 1989). #4ol7]8 PAMZE A&
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Table 4. Effects of cyclohexane derivalives( compounds 25-32) on Hill reactlion,
the growth of PM and PA cultured cells, seedlings and whole plants.

X 7 [o)
[a]

Tobacco Liverwort Cress
Compounds X n Hill reaction PMcells PA cells PA cells seedlings Pot test
(Plsa’) (Plso)  (Plso) (Plso) (Plsa) (%)
25 H 1 5.2 5.2 4.5 4.6 41 38
26 2-CH; 1 4.7 52 <4 41 3.9 0
27 3-CHy 1 5.2 5.3 4.6 4.6 4.0 68
28 4-CHy 1 6.0 5.6 47 5.0 3.8 74
29 4-C1 1 6.7 6.2 5.7 5.4 3.9 94
30 3,4-Cly 1 7.3 6.8 5.9 5.4 4.4 98
31 4-Br 1 6.9 6.4 5.3 55 4.0 99
32 H 2 5.8 5.6 5.7 4.9 3.5 80

B A2 T

o

AT Ahst we) PAMZ Y BAA o] T FAAE B AT
Alr = 0805 Hof AF4FA wuls} stEA R Satol7)e] Mxafe] ofat
FARFHL AW K-S Uehdgich(Sato et al., 1990). o]ate] Azt
A BHY THO B FUT BRI L4078 o]gPoTA ArBYLS

VFstE A%stas HS IAAYHES ALY 4= gt

3. wAMUIGHEE FE atrazine A YA HETFo] Mtz =4

L
o

8 dae PAMEI AdBUlA FYY dxE Mz g A
B AZFE dusted AYT M2 2 Aasts Aot Asciael sato
s AFolE PAMEE Agstol otale] AYH MIEE Hug stdAw otz
of Hig Aol 52 SAA AYY HEFE AL + ool sHH, pasz

thgo® g4 JA4% Mzl vis] 40 mod HE-E o M= (PMA]

Ak L =3 (]

74



E)ZE AEFAE o atrazine A AL HEE AU 4 ¢lgdrl. F atrazine
dgld o HAxtsie wjokg ¥
Folgt A vlzy FdY 42 Uelhs MEE d9dri(Sato et al.,

100 pME EFE iAol N 1009 =

IU[HI

1988). A UH MF= o ZHuiA (atrazine F=, 1 M)A wjdsied s A
A =4S AL Uehdo] atrazine A¥H AT F=2 ZHFIIATE o HEY
atrazine M ¥AH-E FET FEAHE ALEY HilIE AsldEge=zs EHad A
28 2wyt MEel dojM My Frte o MFE Aol atrazineo] FF
A ete} sjSo] 2t felo] ol atrazined FAH WAl p-1 gz el s}
of 2i3t A¥AE Foiets Aol AAF Y.

D-1 AL PEA FA2H(psba)oll Z=Ee] g9len I F 264Hx| ] of
ul .o 4t serineo] glycinel @ I E o] atrazine H¥ALE Uvelulitis AL o

Ao Ao R e A UEH +F2 atrazine AYY T AFTZHEH
2 obelA et JElA xEe] HEH A MZol olold AMyade] mvin
E& Wi/l 91T FAHoE psbd HHEAY @I ESE AAFsdch I A
Figure 20lA et Zo] A MEFoJAME= psba FHALY 791H#8 7]
guanine(G) 7t cytosine(C)2eZ WEE o 9lo] 264H#)e] otu]4t serineo)
threonine2 = MW H Z¢o] ur& Acr(Shigematsu et al., 1989a). o] W3ls
sequencedt 12702 F& HAFolM dAFFH AP HEzFTolds 54 FHA
2] A2l 100%7} threonine® & WHEH ZOoFT oA of 1] vlw3
3l wHol® Fhute] FHAZE MEwE B of HAar"gr] fsiMz =4
2te] F&o] Yosiria g oAt

51 serinel.E XE| threoninef Z 2] 2 T2 A Z7lz] WAEA ¢ W

A

=

o
7\1"5

[
off

T #F

ok

ol A Z27HA atrazineAE tHESHE triazineA] | ZA 2] D-1 wwdel

o BYYMTY DYLDLHA x4 HHozRy Felel Mol (Glyed A
ol)ol = 264HA] serines] <£4t7|7} gl T M atrazineo| D-1 T Ao
28 + dA Hol MEFAES viepdoia dH A $THTrebst, 1987). &
#H oo BRI EEE AU Thresadolo s £at7ls 26407 o}yl

Litoll wotdlel 2lg7tAle] Ao AME sl + fe Holdrt =g Ay
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H Thr264¥el= F Y atrazine &Y AHRo= ¢ge AMELE NNed 7R
glt. &, Z 2] atrazine A A ME(Gly264) ] A= diuron(DCMU) & ) X ¥
= phenylureaX] H¥7d AAlAel cfsiMdes Aol HMygd S vietzl ksl
B3] Thr2gd4®e]lE Lielhvis JEX oAM= diuronel EH%ME Bl A Zher A st
AA40u]) S vtehuigdel, $tH 413 PET A A ¢l cyclohexanedione S Z &S A}
£3lo] Mukal Thr2e4ol Ao gt 12L ZAls}ew v}, atrazined} DCMUS]
S WNEE Bol AET A% PET A A= atrazinedt DCMUL] 2H-& o 71y
32 FAEE A Astdvh(kwak et al., 1990). ol 3 Az 264W =2
serineo] H &2 e] ZAYFTEA vjg FT AL ety FAlol = A
Hol& serined] 441712 A ol2el= 2649 n) ofmlxat W RDel
AN FZHEto] LME HFPP S FASE AL A AbshE Zolch(Shigematsu
et al., 1989b). Z-& 264MA2 serine2] MWololWA glycine?} threonined]

AHE H= CE JeS velhvs FaebA 118 vsFal gz p-18 7

$& 7S glold Feo] YAHLE HYol oUW ARAPIFES M
B 4 A e FUA S invitrodld ATY 4 e AEAS
B ez slogelith
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Sensitive Resistant

ATCGAT

8!

$

Bly 44 up ayg
—|OGJ—I'>—II>!>OO—|—|0—|I>
g nle) ) RPN ||

*

Biy i3S Usy usy ayd Jag

HOOHOHOBPOPLO—A——D >
POGPAPO——HN~~ D DD~

A

Amaranthus R

;;?dur".\—“-vf-".,

caG

8|

P OO~

1AL U ey4

*
bOC}PObQ—l—iQ-—!HO>>)>Q—4]>G)Ol>—il>-4—100)>l>ﬁ')>—-|
81y 185 Usy Usy syd Nyl ey

-—IOO—{O*OPDO)-POH—{—POP—{OO—fbﬁh

Gly

Tobacco § TTG ATC TTC CAA TAT GCT | AGT TTC AAC AAC
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B

Fig. 2. A. Nucleolide sequencing gels for

A mulated residue is
Nucleolide and derived amino
parl of the chloroplast pssA

.

and sensitive(S) tobacco cells

Asn Ans

portions of the pshA gene.

indicaled by an asterisk.

acid sequence from thal the
genc of atrazine-resistant(R)
in which a scquence difference

occurred. The sequence lor the alrazine-resistanl Awaranthus
hybridus plant is shown as Amaranthus R.
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4 &

I SHAY 458 IRE ALK s MEFTEH, FAXT T 23t
2 g £F52 & H3E vehda 9o AF7tA 7Y UEEUs §F

of |af ZhedtAHZT Ade A7 Wrh ZEu MEZH, FIAATEL Fof
o dold dE2AY s ZasiEe dTE WA Bokz4 wolsltin 3
et o) ZAL JEA I Zxte FAAE MR UAYHA A2zJ N#d A F
Aol 2L 7% wHo] wjga ol JAEH MELTAME o] o w4
wi o] 2t of A

ol #3 P B =Fold =8 FPYAVLE ASIs FEIYIFA
T dFH Nehdel £2 AEH AHEH A} FI] fA|7E FH
At Fehd T80 3 FUT PAMESY A9 LAAIFoE HYEY B
g AH &2H4Y 5 glo in rivod] BAE wrgdsie AMELE FHUAY JAY o
e Jpdg Y ALas DU AR AL ZA FEY AHEE o8
4 9l Zolvh, wuje] M RMEZREE triazine 2t phenylurear] A3
of ZAATARL el d MEE Thr264 HolAs TS D-1 wrlzl o] 2643 =)
serine® Wolo]WAE 7]&2 Gly264 HolA 2 rh2 715 g UEh)o] B3}eA
118 &34 whagl -1 ©NAL] slgside] A2 duie|st Heol FF
deojzl Wol e oA A s ZAFe] ST AEA $£8E Aoz
71t o A o

78



zZt3 23

Asami, T., N. Takahashi and . Yoshida. 1986. Conjugated enamino compounds,
a new molecular probe for the mechanism of photosynthetic electron
transport. Z. Naturforsch., 41c:751-757.

Asami, T., H. Koike, Y. Inoue, N. Takahashi and S. Yoshida. 1988.
Structure-activity relationships and physiological aspects of new
photosynthetic electron transpert inhibitors, 3-alkylaminoalkyliden
-2H- pyran-2,4(3H)-diones(APs). Z. Naturforsch. 43c:857-861.

Blair, L. C., C. J. Chastain and J. K. Widholm. 1988. Initiation and
characterization of a cotton (Gossypium hirsutum L.) photoautotrophic
cell suspension culture. Plant Cell Reports. 7:266-2689.

Chunhe, Xu., L. C. Blair, S. M. D. Rogers, Govindjee and J. M. Widholm.
1988, Characteristics of five new photoautotrophic suspension cultures
including two Amaranthus species and a cotton strain growing on
ambient Cbz levels. Plant Physiology. 88:1297-1302.

Dalton, C. C. 1980, Photoautotrophy of spinach cells in continuous
culture:Photosynthetic development and sustained photoautotrophic
growth. J. of Experimental Botany. 31:791-804.

Erickson, J. M., M. Rahire, J. D. Rochaix and L. Mets. 1985 Herbicide
resistance and cross-resistance: changes at three distinct sites in
the herbicide bindind protein. Science. 228:204-207.

Goloubinoff, P., M. Edelman and R. B. Hallick. 1984, Chloroplast-coded
atrazine resistance in Solanum nigrum: psbA loci from susceptible and
resistant biotypes are isogenic except for a single codon change.

Nucleic Acid Res. 12:9489-9446,

79



Hagimori, M., T. Matsumoto and Y. Mikami. 1984, Photoautotrophic culture of
undi fferentiated cells and shoot-forming cultures of Digitalis
purpurea L., Plant and Cell Physiology. 25:1099-1102,

Horn, M. E., J. H. Sherrard and J. M. Widholm. 1983, Photoautotrophic
growth of sovbean cells in suspension culture. [. Establishment of
photoautotrophic cultures. Plant Physiol., 72:426-429.

Hirschberg, J. and L. Maclntosh. 1983. Molecular basis of herbicide
resistance in Amaranthus hybridus. Science. 222:1346-1349.

Hirschberg, J., A. Bleecker, D. J. Kyle, L. Maclntosh and C. J. Arntzen.
1984, The molecular basis of triazine herbicide resistance in
higher-plant chloroplasts. Z Naturforsch. 39c:412-420.

Husemann, W, and W, Barz. 1977. Photoautotrophic growth and photosynthesis
in cell suspension cultures of Chepopodium rubrum Physio. Plant.
40:77-81.

Husemann, W. 1984, Photoautotrophic cell cultures. In "Cell Culture and
Somatic Cell Genetics of Plants,” Vol. 1. {ed. by 1. K. Vasil),
p. 182-198. Academic Press, Inc.

Kleier, D. A, T. A, Andrea, J. K. J. Hegedus, G. M. Gardner and B. Cohen.
1987, The topology of the 32 kDa herbicide binding protein of
photosystem 1l in the thylakoid membrane. Z. Naturforsch. 42c¢:733-738.

Kwak, 8. S., K. Ichinose, M. Kishida, S. Yoshida, N. Takahashi, F. Sato and
Y. Yamada, 1989. A simple and rapid screening method for herbicidal
photosynthetic electron  transport inhibitors using liverwort
photosynthetic cultured cells. Proceedings 11 of the 12th

Asian-Pacific weed science society conference. pp. 581-586.

80



Kwak, S. S., K. Ichinose, N. Takahashi, 5. Yoshida, H. Koike and Y. Inoue.
1990, Modes of binding of new PS Il inhibitors by analyses of
herbicide-resistant mutants and thermoluminescence. Z. Naturforschung,
(in press).

La Rosa, P. C., P. M. Hasegawa and R. A. Bressan. 1984. Photocautotrophic
potato cells: Transition from heterotrophic to autotrophic growth.
Physiol. Plant. 61:279-286.

Nishida, K., F. Sato and Y. Yamada. 1980. Photosynthetic carbon methabolisn
in photoautotrophically and photomixotrophically cultured tobacco
cells. Plant and Cell Physiology. 21:47-55.

Ohta, Y., K. Katoh and K. Miyake. 1977. Establishment and growth
characteristics of a cell suspension culture of Marchantia polymorpha
L. with high chlorophyll content, Planta. 136:229-232.

Peel, E. 1982, Photoautotrophic growth of suspension cultures of Asparagus
officinalis L. c¢ells in turbidostats. Plant Science Letters.
24:147-155.

Sato, F. 1986. Photoautotrophism in cultured plant cells. HE¥WESZEHE (Y
£). 3(2):63-70.

Sato, F., 5. Takeda and Y. Yamada. 1987, A comparision of effects of
several herbicides on photoautotrophic, photomixotrophic and
heterotrophic cultured tobacco cells and seedlings. Plant Cell
Reports. 6:401-404.

Sato, F., Y. Shigematsu and Y. Yamada. 1988a. Selection of an
atrazine-resistant tobacco cell line having a mutant psbA gene. Mol.

Gen. Genet. 214:358-360.

81



Sato, F., N. Koizumi and Y. Yamada. 1988b. Purification and
characterization of phosphoenolpyruvate carboxylase of photo-
mixotrophically cultured green tobacco cells, Plant Cell Physiol,.
29:329-337.

Sato, F., Y. Yamada, S. S. Kwak, K. Ichinose, M, Kishida, N, Takabashi and
S. Yoshida. 1990, Responses of photoautotrophic cultured cells to
various photosynthetic inhibitors. Z. Naturforschung. (in press).

Shigematsu, Y., F. Sato and Y. Yamada. 1989a. The wmechanism of herbicide
resistance in tobacco cells with a new mutation in the QB protein.
Pl;nt Physiology. 89:986-992.

Shigematsu, Y., F. Sato and Y. Yamada, 1989b. A binding model for
phenylurea herbicides based on analysis of a Thr264 mutation in the
D-1 protein of tobacco. Pesticide Biochemistry and Physiology.
35:33-41.

Taketa, S., F. Sato and Y, Yamada. 1989. Photosynthetic characteristics of
photoautotrophically cultured cells of tobacco. Plant Cell Physiol.
30:885-891.

Trebst, A. 1986. The topology of the plastoquinone and herbicide binding
peptides of photosystem II in the thylakoid membrane. Z. Naturforsch.
41c:240-245,

Trebst, A. 1987. The three dimensional structure of the herbicide binding
niche on the reaction center polypeptides of photosystem 1I. Z.
Naturforsch. 42c:742-750.

Yamada, Y. and F. Sato. 1978. The photoautotrophic culture of
chlorophyllous cells. Plant and Cell Physiology. 19(4):691-699.

Yamada, Y. and F. Sato. 1983. Selection for photcautotrophic cells. In
"Handhook of Plant Cell Culture,” Vol. 1. (ed. by Evans, D. E., et

al.), p. 489-500, Macmillan Publishing Co., New York,

82



Yasuda, T., T. Hashimoto, F. Sato and Y. Yamada, 1980. An efficient method
of selecting photoautotrophic cells from cultured heterogeneous cells.
Plant and Cell Physiology. 21:929-932,

Yoshida, 8., S. 8. Kwak and N, Takahashi. 1990. Biorational approaches in
herbicide screenings for economic weed control. Proceedings of the
12th acian-pacific weed science society conference, Vol 3. (in press).

Zurawski, G., H. J. Bohnert, P. R. Whitfeld and V. Bottowmley. 1982,
Nucleotide sequence of the gene for the Mr 32,000 thylakoid membrane
protein from Spinacia oleracea and Nicotiana debneyi predicts a
totally conserved primary tiranslation product of Mr 38,950, Proc.

Natl. A4cad. Sci. USA. 79:7699-7703.

83



