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Engineering herbicide resistance in plants b) expression of a 
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\I.I),• mud, . J ,B1111, rm.111. \I \ .111dl:,1idt· .. J.l)od,,. 
(. I hou,. \ .(,11"d, ' K.111 \lu\\ ,11• C. I hu1111N1111.:, 
\I.\ an \ lo11l.1J.!U .111d .I I n·man, 

( '\ 
I igcnS ~ 46 R 

l'mcnl aJdrc I I I 
P.im I CcJc, I~ F 

\I\ \I 

,nJ 

Pho-,phinothridn IPl''l I i, a pott-nt inhih1tor ol J,!l11t.1111im ,~ 11• 
thl"l,l'l Ill planh and i, U'l·d a, J non•'llt,ti\l huh1u,k. I lw 
bar J.!l:m 11 hil h t·11nll-r, n·,"tanu· in \tr1 ptt1t11H 1, 
h1J:m1r11p,rn1 to hialaphu,. a tnpcptidl· ,1111taininl! Pl''I, 01• 
rode, a ph1,-.phin11thrkm .1utJ lt r..111,ll:r-.1"' 11• \I I'"' aHom• 
pJnJini,: p.1pu1. I hl bar J.!l:lll' "•'' 1>l,1u·d unckr w nt rol ol 
the 35\ promoter ot tht ,aulino111:r mo-..til I iru, .111d tr-an,frr• 
red to plant tdl, u,ing \ a:mbal"ltnum-nu·diah:d tr.111,lorma 
tion. I'\ I 11a-, u,t·d a, a ,clt'{tahll• marl...1:r in protopla,t 
co-n 11th ution. I ht• thiml:ril bar J.!l:lll 11 a, n1>rt,,t·d in toh.1t 
l'O. pota to and tom.110 plant,. I r.111,J.!ellll plant, ,hmll-d tom 
1>lete rc,i,tann· 11111 ard, high dow, ot t ht• rn111111trdal 
formulation, of 1>ho,phi11othridn and hialapho,. I ht:w dat .1 
prl">Cnt a ,utu."'ful approath to ohtain htrhilidt n·,1,t.111t 
planh h1 d1:to,ilitation of tht huhilidt•. 
A.r, ,w,,/, J, 1 1 I I h1 1 1pho" herb1c.: 1dc rc.:s1 tan e: 
i;1utammc.: s~ nthcta<;e phmphmotlm m 

lntroduttion 

I~ ux ol ha 1de, to redu 111 ., m rop ) u~ld du to "'c.:cds 
ha., 1-i.:~1,me an integral pan ol modern a •nrnlturc !here 1, a 
ontmuou, ~.ir,h tor ne\l. hcrh1 ad , that arc lughl) cit 111c 

11n<l ~le lnr an1111.1I, .ind the cn11ronrncn1 ,\ ne11 d.1 .. , ol her ha 
c.:1dc, that lultil, these n~'C'Js .1 h h) mh1h11111g ,pc 111 .11m110 a 1d 
ll111,)nthc,1, pJthlld)' m plJnt, (I.a RfN,a and !·al ,,. Ill 4) 
ll011c,cr, mo,t ot the-c herh11..11k, J<, not J1,11ngu1,h OCl\l.~'CII 
lll'C'<l, .ind trop, 

:'-,lod1t) mg plJnts 111 h.:tomc n:,l\t.1111 to ,u~h hni.ul ,pc.~trum 
hahtlldc, \\ould .1111111 1lw1r ,dct11\C' ust· tor c.:rop prnll'd11111 
\ , J ton-c4ucn,c. ,1 111a1or cllort h.1, 1-i.:~•n dc,ot<.'d 111 ,c,l·ral 
,J0<1ra1onc, 111 engineer hcrh11.1Jc rc,1 t.tnt pl:.1111, I \1.11 ,tp 
JlrOJlhc, h,11c 1-i.:cn tolh111cJ In the fir-i. J mutant lnrm 111 the 
to1rgc1 cn/)lllC 1, proJuu:J \\h1d1 1, ,1111 a 11,c hut le" ,c.:n,111,C' 
1<1 the hcrh1,1Je In tha, \I.J\. mutJnt plants pmdu~m • an altered 
h•rrn nl the cn,1 me a,ctc;l,1dJtc ,, mh.1sc h.11 c lx>cn ,ekdl·d 
11h1c.:h arc rc.:,1,t,;nt 111 the ,ult.in, lur~a JnJ 11111JJ111hn11nc hcrti1• 
o de, 1ChJldt and RJ\ l9X-4. \hJncr Jnd \n(kr!.1111, 19, "I) In 
Jllllthcr C\JlllJllc .• 1 m~tJnt l11m1111 the hJ.tcr1.1l mo \ ~crll' \I.a, 
c,prc....,cJ an tohJ,~ll and uintcrrcJ tolcrJn,c 111 the herti1,1dt• 
gl)pho..atc 1ComJ1 ,ral. 19 'i l hc -.c~ond appr11ad1 m,ohe, 
mcrprodut11on o t the wrgct cnt) me. h hJ, bt:en Je11111n,1r.11eJ 
th,11 0\ cre ,prc,,111n ol the plant en,) me 5 cnol P) ru\) 1,111!,;1 
mate } pho,ph.itc ') ntha-.c c.:ontcrrcJ gl~ ph11-.a1c tokran~e 111 
11·.in,gcmc petunia planh <Shah £'/ al . 19861 

IRL Pre,, t 1m11~J ()\JorJ I n~l.mJ 

B1alarho, ll>•a11a "al. 11171) and phosphmnthm:.m <Pl'T) 
(B,1)Cr e1 al , 1972) arc.: potent nc\l. herh1c.:1des B1alJ(lho, 1, a 
111pcp11de .11111h11,111. pr11d1Ked h) \11c11w111\<<') h\J.:t01111111nn It 
,on 1,1 .. of Pl' I , ,111 .111alo •ue ol I glut.11111 a 1d and '"' o I 
alanine rcMdu l pon rcmm,11 ol these rcsidu , h, pq>11dasc ... 
Pl' J 1-. ,1 potent mh1bnor of glutammc ") nthcta!>C (OS) 1111, en 
,, nic pla, .. a entral role m th a,,11111la11on of ammonia unJ 
m the re •ulat111n of nitro •c.:n mctabola,111 m rlant, ( \1 11lm and 
Lea. 1977. Skokut rtal 197!i) It I the onl) cnt)IIIC m plants 
that can dcto\lf\ munom I released h, ni1r.1tc rcduc.:taon ammo 
a add •r dallon Jnd photorc!,(lJrJllon lnh1h111on ol C,S h, Pl'l 
cause, ro1r1d a c.-umulataun ot .1mmonia \l.luch lead, to de.1th of 
the pl.mt 11 (I a h1ba11J el lll 19 1) l'fYI 1, chcnu 11\ ') n 
the 1100 (B;1,ta . line h t :\(,) \l.h1lc bialapho._ 1-. rroduccd b) 
fcrmcntauon of\ In •ml111111<m (llcrh1.1 e . \lc1J1 Se1ka 1 td) 
llerc ,,e present an .iltc.:rnall\e ,tratc , to cngmccr hcrba 1<1e 
rc,i'tance in plJnt .. h, c:\.prc,,111 .in crt/)IIIC that dcto;,.111c~ 
pho,phm,,thrKm 

I he accmnp.m) rng paper de , nbc, the cloning and 
char.1dcn1.a1um of .1 h1.1lapho, rc-.1 tance gene (/1'1rJ from \ 
/ngm,, ,,1,,, '" \I. l11d1 i.. 111\ 111\ cd 111 the h1.1l,1ph11, h10,) ntheM, 
p;1th11.1, It encodes a rh,"(llunothricm aCCI) hr.111,tcra..c (I'\ I 1, 
,, h1 h a ct, late, the free ~ II grour ot Pl' I and thcrch) 
prc,en1' ,lllioto,1dt) Ill the pr.1d11~111g org.m1s111 ( \lurakanu It 
c1/ , l'J <•l Herc \I.C rq.,.,n the e,p=,11111 ut ti '"" gene m tran, 
gcmc 1ob.1cco. 1, mah> and potato plant, \\ e ~ho"' th .. 11 tr an~ 
g<-'ruc plant, e:1.rr~,mg J>. \ I ,ire completcl) rc,1,1.mt to high Jc,-.c, 
ot the commer ,.ii lonnulJtion, ,,r hoth Pl' I and b1al.1rho, I he 
u~ ot the bar g1.'IIC r~ poner gene to .mal) sc plant gclll." c, 
pre,,1on 1, at-.., dcmon,tr tcd 

Kt-..ulh 

( 1111111 I I hat /:< Ill fi I I 1/lfl \\/ti/I Ill J'f<ll/1\ 

I he ba, gene \I.a, or1g1ru.il1, 1,olatcd mu ,1rcpto111~~c.:tc ,~tor 
and ,uhdoncd 111111 ,m / i, Ii, m l1111 ml, ,cc tor ) 1l'ldmg rBCi 19'i 
1ac~o 111i.111, m , p;1pcr) 11-...· 1ra11-.l.111,111 111111a11on cnd<>n of the bat 
gc11<.' r \mptm,11,ri 1-. <, l(j In nrdc.:r to i;u.1ran1l·,: proper 
tr .m,I 11 ,n 111111.1110n III pl.mis. an ,\ IC, 111111.1111111 uiJ1111 1, re 
quired I II t111 .. end, the ~ 1e1111111.11 c1Kl ot tlw 1>111 c.:11\.hng r.:gmn 
\\,1, ,uh:-1,tut~,I lor '"''' l11111plc111<.'nt.1t\ 11111-...·1 < 11hg11nuclC1•11Jes 
(1-agure I \) In the r • .,.ul11ng pl., 1 ud p( ,SI R . the /,.,, g.:nc 
uinuun~ un ,\ I Ci a, 1111t1Jllllll l«"-lon "iub ·qu~·nt , . thh gene \\J, 
111--cned hct"'e.:n the c 11hl1011cr 1 •~•• ,.,.., prcmklll'r .1nJ th 
1erm11i;1t11>n und p, , • m Jl11•n 1gn.1I ol ti< ,..._11,pme I I>'\ \ 
gc~· 7 (Velten and S.l,dl, l9X'i1 I hi!. d11111cn< gene .11kl 1 1.:Jna 
111\tHl n.-s1,1anc ~·n, md ·r ti 11ntrol ol the nor,1l111e .,, nthJ-.C 
pr~1111n1er \I.ere 111"'nul bet"' ~n the 1x1<1pme I I>~,\ honkr, 
111 pl.1111 1r.1n,lor111.i1111n ,,'t. t11r r<, \; 1 'iOO l I 1gurc I H1 I h1, pla, 
1 11J r(i"il R:?Ml. "'"' mohil1t<-d 111<1 ti l 1,10l1<u Tl n,1111 rc..--ir1cn1 
("'i ( I R1I~ 1r(i\::!::!hOJ {l>chl.itrc ti al, 19 '\), 111 generate 
,1ra111 C'iXCI R11 11 l p(iSl·Rl."!XOJ 
/>I/ l.l 11 "/,, 1,1hl1 111,1rJ..1 r Ill tol>tlc c ,, 1•11•10f1/11,1 llclll\jm111,1T1t111 

I II tc,t \\ hethcr e,rr<'"'"n ol till' P,\ I t'II/) Ill<' .,Ihm , lor -.clc< 
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I 1:::. I \ ~IJCJCI ol a bl, nc ,c11c p(1'1 RI cont.um an l.li:I bar ,1 n \TG ,nrumon c;, loo TIii: nu.bJcidc: ~ of lhc ~ and me, an' ~ll and lhc IDlll.11100 and Slop Ce>.ltn arc u~crl1111.J ll rq,mcntlt1011 01 pG\I IU~ Boch dummc 
~ It under conuol of 1hr Ca.\l\ ~-. promo1er and 1hr ,u-o ~nc uoo.c, ,onu ... of the "°' promoter arc smcnc:d m J l\"C"rgrnt ont111.11••n ~-cirn 1hr I n, \border~ ol pG\ I •J (RB n~• honkr and LB kll btmkr) The re.1 ;-cU\c gcno arc folkN,-cd b) !~menu enc, ,Jm tcr mm:ittm and polndcmbtto11 ~ of 1, (1,u) and 1 [), ,\ ~t..-: 7 (l g71 

tmn 111 tr.1n, tom1 .. ·J plant l e , k..il protopl.1,1, ol ,\ " o t1,111<1 
wh,1111111 c, P( UI lla, Jrw '>R l1 \\ere l l><..u1t1,..11ed \\1th the 
l ~r,,/)(1<1t num , tr,un, C 'i (. I Rtl lp{i'>f RI.'.! '0 1 ( 'i Cl R1I ~ 

1pC;\ .'.!.'.!601 \\..t, u-cJ a, J l• ntrol ,1r.i n thJt lad,, thc /)(1r gene 
Tr..in,tonnam, \\ere -.clc..h..-d m medium conwmm)? 'i<l mg I 
1-..inam~ltn or ,anuti- c11n .. cntra11on, nl PPT 10 'i 50 mg I) 
\lier I month no l!rn\\th \\..t, oh-cne<l nn the -.clc<..ll\C pl..itc, 

ot the C 'i ( I R1I 1pG\ .'.!.'.!6<l1 co .. u111, .t11un fhu,, the In\\ 
du--e ol O 'i Ill)! I PP I h , ulli<.. ent 111 mh1h11 grn\\th ol --en,111,e <.ell, ( ..tlh lrJn,h,mieJ \qth ( 'i CI R1I ~ pGSfR l.'.!80 gre\\ 
m<l1,1mgu1,hJhk lrom their gr11\\th m non ,eb:u,c medium 
under .tll sckx ll\e wn<l1uon, T\\enl\ l .tlh th.it haJ h<..-cn sclcc;.h .. '<l 
on 'i() mg I PPT \\ere then gnl\\n h;r .'.! month, on nicJ1um wn­
wmmg 'iO mg I f>PT '>uh-.cquentl} the} \\Cre ,utxuhurcJ on 
media 1..umJmmg d1llcrcn1 le\cl, ol PP'J ranging Imm 'iQ 111 
HX l mg I \ ll lalh !_.'re\\ on n1L-J1um conwmmg l mg I PPr 
At J .on<..entrJUon ol ICXXI mg I ol J>PT their )ffll\\lh rJte \\,1, 
,hghtl) redu1..1..-d Jnd thr1..-c out ol the :?II 1.:Jl11 died ..titer a le\\ \\CCb 

TRA:\ fORMED l O"TP.01 TR "SfOl!\IED (O"THOL 

hi:, 2. H rbi,;idc rn1 I m,gcm, tob.K o pbnt, {\ 1ahaotm c, l\'lll !h,ana ~RI pbnt \ uam£mK pruto pl.Jnt {~ ll•11"rr w, , llcroltn.i) (ll l 111r.i.n, arol and t=tormcd plant ..-ere ~ra\cd "11h 20 I Ii.bl.I lh.A \ ~•n•ll•H .cno o{ pwi1, ,.-a, not l!c;ilcd nic Ir .. tcJ control pbni ,. ltllal ,. 1hm IO dJ, ,. lulc the l.rc1lCd tr-tormcd pL,ru grC\\ a, ,.c I the untrc tcd control 

lr,m ,r:11111 piano arc Jul/, re 1111,1111 u, rh1 /11 , />1111/i ~ H,Hra 
wul lltrhw,1 

.V ra/)(1111111 c , . Pe111 l la,an..i '>RI planh e,pre"mg the l>c1r rcnc 
\\ere oht..imcd h\ the )cal di"- mk1.. 1111n m 1h11d I I 11,r, d1 11 11/ • 19 S1 I r.in, lm .. mcJ ,hnnh \\ere sclc..i J .titer mti..·<..111>0 \\ 11h 
CS'i(. IR1111 (pG\I RI.'.! 01 on n1<..--J1u111 mt:umn • either '-0 mg/I 
l...tO..t!llhlO IIT I 'i() Ill)! I ppr Le.ti <l1'1.., mte<..tcd \\llh 1.. 11r11rnl 
,tram ( 'i CIR1t lp(JV.'.!:?60) hk,tlhed \\ 1tl11n I \\~k 1111 Pf>I 1.. nnt..imm)! 11icd1um 

\\ e then C\ .tlUJtcd \\hethcr e,pre"mn ol P \ I 1.:1111tcr, re,1,Wfl(e to 1.:11mmcr1..1al 11,r111uli!11on, ot PP'J JnJ h, 11,tphos 
I rJn,gemc pl.tot, \\Cre 11an,tcrrcJ 10 ,oil ,ind gro\\n 111 the 

grecnhou\C Their 1•ro\\th \\a, mJ1,1mgu1,hahle lror11 un 
tran,formc<l control plant, Control '>RI Jn<l 1r.in,gcm1.. pl.mt~ \\ere ,pr..1)1,:d \\ 1th do-,c, cqu1\..1lcnt to X I hJ ,md .'.!O I hJ B..i,1,1 
8..1,1..i JI 21 ha clk<..11,eh kill, n mtrnl '>RI plant, m Ill Ja~s 
~11 :?I nl the tr.in,gcm1.. pl..inh \\h11..h \\ere ..i".t\ed \\Cfc lull\ 
re'1,Wnt to the hcrh1<..1dc (I 1gure :?1. I \\11 Jdd1110~.il appl1<...tll11r;, 
ol the herh11.:1de \\ 11h10 .i 4 \\Cek period du.I not ultc<..1 gr11\\ th ol the planh Treated plant, llo\\cred nonnalh- ,ind ,ct ,c.:d 
Tran,geni~ plant, \\Crc al 11 ,prJ}t.:J \\ 1th , I h~ ..ind 20 I ha 111 
Herb1.t1..c • the rnmmcrual hirmul,ttion ol b1J.lapl111, I hev ,1l,o prmed to he lull} re,1,1..int 111 the..._ ..ippl1<..a1111n, • 
Ammmua I, 1 d1 111 l11 rh11 ult mart ,I plcml\ 
A, J more -..cn,111,c 111d1ra1or of GS 1nh1h111on. ,,e h..i,e mca,urc<l 
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h~ •• \. \ nunon1.1 dclcmunaunn ( hJ .... 1 ~II, cnn1em) m tran,formcd and 
umrarn.tormnl lnh.,,ro pl.1111- aft r pr'J\111 ,.,th :?O I ll.l\t;, II.I :-.:unplo 
v.ere 1.1kcn h::tore rrJ\1118 and u1 rc:gul;ir 11mc p>mb u11er spraHn& 
un1rc~1,'\l on1rol rl:m1 • trc.1tcd lr311'8(111 pl.tn1 • treated control pl'Jnl 

ammonia a .. ,umula1111n in lr,m,!!ellK' and n11n 1ran,tnrmcd planh 
1rcatcd "'1th the herh11:1de ,\mmnnta ,1<:c:umulated raptdl~ 111 

Ircatcd control plant, and 111 .. rea,cd 40 told aflcr h \mmnn1a 
lc\cl, m tra.n,gcntt.: plant, <ltd not ,1gmlkanth 1:hange mer a 24 h 
pcnod atIer appltc:at1011 of 20 I B,Na • ha ·1 he lc\cl, v.ere c:om 
parable In tho,(.' prc,cnt in untreated SR I pl,mh (h gure .1) 1 ht, 
dcarl) ,ho", that the tran,gcntc plant 1, c:omplctcl) 111\Cn,I11\c 
Ill the hcrb1ude treatment 

lnhcmancc oj PPl rn11tt1t1< t 

,,en tran,gemc plant, that had hu:n treaIcd \"Ith 20 I ha B,1,w 
Y.Crcanal}-.cd further (plant\ 101 105 107 and 10 J The) pro 
dui:cd normal amounI, ot, 1ahl1: \Ced 1-t,c v.1.-ck old plant, from 
the Fl pmgcn) v.ere ,prJ}ed v.1th I h.1 8.t,tJ F-rnm the -.C\l!n 
parental plant,. "' ,egrega1ed re,I,tant and ,en,11I\e ,ei:dling, 
ma 3 10 I muo. md1ca11ng M endelian mhcru.mi:e a, J ,mgle 
dommam locu\. outhcrn blo1, ,ho...,ed Ihat Hn c:on1.1111ed Ihree 
copse\ of bar. \\ hcrca, Lhe mher-, carried J , mgle copy (dJtJ not 
\hO\\n). mce a Mendelian mhentance V.J\ ob..cn-c<l. v..c ex 
pcct Lhai the three T D 1A c:opIe, Jrl! lrl\Crted at a ,mglc lcx:u, 
m plant 103. One planI ( 10 1) did not prnducc re,I,tant -,ccd 
lmg\. AI,o no PAT en,) me acll\ ll) ccmld be detected m the'>!! 
'>Cedltng\. Th 1, ob-,cn a11on need, tunher mve,11ga11on 

I l~rbklde-rt"-istant plants 

A 

-
co PH 

' 01! ,o, ,or, 
'°" ,o, t(J1 t0t •oo 00 •o 

B 

- - - - - • 

CO PAT 

I •~· 4 \ 1>,:1<-.: lmn ol P \ I rrotc1n I>) unmunohlorun • c,I bl c,1ra ts 
Iron Ar Ill \ ,.,,~,, ,m1 rl.u11, ('ruJc C\tra< 1, <>I ~, I'll rroecm "-CCC 

~ ,t , ,.,, Sl>S p.1l)lKl)l.1mtdc &el lU1d c:lcx1mphorl'' I m,d 
• nlll -. llulnsc I he hltcr v.a, trcati:d I'\ T i.l>t,...,ru 

I Jne, I 7 0' • \Ir h lrnm !>C\C:fl I' I" ,, r "' I ,Ill(' Ii le 
<\If I lfl1 un Ulllr, 1 .. rmc:J J>L,111 I ( () l.,n,.., 9 II Ill) ~, ,r J O nc 
o. f',,dl, d P \ l II l>..1,-.:unn of PA I 11\tl~ h~ t , fhc n1r ... 1, v.en: 
prrp..,rcd Iron ,t 11, 11, Jnd dtluted Ill ! 11 .... , 11 r 1~,n v.u, rcrtom,cJ 
and ,Ill "'"•/UOI ron,-d "" .. )th "f!d I I < rl.ik tor a cnJcnr 
chrnm.i1 >gr•ph~ ("(' Sul:,,.1ra1~ ~nd rc:.iwon rr,>Juo, v.crc ,1 u d11,·d h~ 

11 d1ograrh) l..11w I, lc:ol c,1ra<1 lrnm urur.,n,h•mu:d p!Jnl La nt' Z 
JI ,1ru I ol untranslonncd pl;inr lo "htch PAT CllJ\nlC "~-d l..:tn~ 

J 9 c,tra..'f,. Imm SC\ en 111dcrcndc111 tran,&cnH; l•XliK<O rlJnt 

f.tprt'l\/(}fl oj 1'41 Ill lrWll):1'111( pllllll\ 

Inc c\prC\\ttln le,cl of PAT v..1, detem11ned 111 the -.c,en -.cleded 
1ran,for111ed IOhacc:o plant, Analy"'' of aude leaf c,trai;I, h, 
V. e\lern blonmg re\C,tled the'>) nthe,.., of a pol1pcpllde thJt rn 
mtgrJtl't.f ...,,th PA r punficd from .in/ wit merpmdm:mg ,train 
Cm preparauonJ cr1gure 4A) Plant, IOI and 108 produce Iov. 
lc\el\ of PAr C<00J';J, \~herea, 11 amount, up to O I '", of 
ltltJI ,oluhle prntem m the mhcr, Tht! "><tmt! rclatt\e Ii:, cl, of 
PAT Jell\ ll) \I.ere oh-cf\Cd m .111 e111}ma11c J\\J) 111 \\h1ch 1C 
labelli:d Jt:Ct) lated PP1 v. .i, deIc1.Icd Jhcr '>Cp.ira11un b) 1 I c 
( I Igure -lBJ l , mg J ,pcc:lropho1t1mc1nc a,-.a} \\h1th " more 
coll\ement for qu.in11ticat111n. no alll\11) ah<>\e the batkground 
lc,el rnuld be mea,urcd in e,trJch of 108. \\herea, a 100 told 
d1lu11on of the c>.tratl of 101 ,1111 contami:d di:tecwble Jt.:11\ II) 

( I able IJ lntere,tmgl). thi: lov. le\el exprc\\Ion m IO \I.J\ ,1111 
,uttk1ent m full) prmect the plant Imm 1he herh1rnJe 

PAT ,pcc1tic: mR A ...,a, deIec1cd in J 'onhem blot of Im.1l 
R A C)(lractcd from ,c>ung le,1"e' of the plan1, (h J:!ure 5) 
Althoul,!h all ut the\C plant, contain the ,ame gene. 1he) ,ho...,ed 
JI lea,I ,1 100 told \arta110n in the acwmul.1I1011 uf PA I ,pc .. 1tic 
mR'-A a, il'>'>J}e<l b; aumrad1ograph, den,nomctl) In Ihe d1f 
ferent plant\ the ra110 m the Jc,.,el\ of ,tead) '>tale mR A rnrre 

:!5I'i 
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1 iJ:. :, , 1thcm bloc h\bnJu.a1J011 ol R' .\ C\lf.Klcd lrom "' tra11si;cn~ 
, , p>,111, 10 ,.g !dKtUOI• ol 101.ll R'A v.cn: dc,,trorlllm:liCJ m I 'l 

~~ro,;c,tonn:sklcbvdc '1=I .1nJ blon,:d 10 m1ro, .. 1UIOS',C A />,u R's,\ prol,c v.a, 
u<oed tor h} bnduJtton 

l obit t ~, II) ,n, rude IQI c,tra.."1S m 1r,111.gcn1< 1<tb;o;c(> pl.ant nrawn:d 
I' ..tr,,rllolomctncalh ------
Plaut, .\,11\ll\ 

!10 & 11ml mg c,tr.Ktcd protc,nl 

10 nd 

107 704 

Ill~ lt>-1 

1(\.l ,04 

10, 12.UI 

1m 4117 

IOI .n 

Lnr,mc~ .... , unddt:hrwonofuruta..."tJ, h arc<b.rit din \I ·nal,.u-1 rn,:lh: 
nJ • n<'lldctc,;ublc 

,ponclccl to the amount of P \ l protcm aci.;umulatcd lc.:omparc 
Figure 'i and I 1gurc 4 \ 1 

llub1ncl1 rt 111/cl/l/ 1,11111.110 1111J polcl/11 ple11111 
Tran,gcn11; plant, c,prc,,mg P .\ T v.crc obtatncd Imm lcal cl1 
mlettion, ot L,wpt n1< um owluuwn n Lul..ullu, and Solun11m 
1t1herm wn c, Bernhna. c, BinlJC ,mcl 1.\ Dc,1rl!c I he 1,,0 
tomato ancl three potato planh, ,,h1ch v.cre ,pra)cd v. 1th :w I ha 
Ba,ta . v.erc full) ,e,J<,tant <Figure.: :?8) All the tran,gcnti.; plani.. 
1c,1ed I 15 tomawc, and :?6 po1a1oc,) ,hov.ed high lc\l:l, ot PA I 
JCtl\ It) 

Oic,cu-.,ion 

The bar gene trum S ll\11m1c op1rn1 enrn<lc, a PAT v.h1ch con 
,en-, PPT into the non tm1c .iccl) lated lonn (acc;ompan} mg 
paper) We h,11c u,cd A11roht.1C It num vector, to tran,tcr the har 
gene m tol:lJ,co. tomato ancl potato plant, When cxpre,\C<l lrom 
thl! con, t11u1t1c LJuhllov.cr m(>\.tlt , 1ru, 35S promoter an al. 
11\C PA'I l!nt}mc \\..t, pnxluccd m the plant cell, Tran,gcmt 
plant-, v.crc complctcl) rl!,l\tant tov.ard, the hcrb1c1dc We aho 
<lcmor1'1rate<l the u,e of har gene a, a comcml!nt -.clcl.lablc and 
\trecnahlc marker tn plant tran,forrn..itmn e,pcnmcnt-, 

Lov. <lo,I!, of 0. 5 mg I PPT are , utfic1cn1 to 111h1b11 grnv.th 
ol tohacui protopla,1, fhl! hur gcnl! pr01cd to he an efficient 

~516 

1 table marker m tobacco protopla, t tran,lonnation 
dominant ..c ec the PAT cnt) me grc\\ on medium con 
Tobacco ~th cxr;~"11 v.a'> aht) ptw,1blc to ..clci:t direct!} tor 
tmmng 5 mg I 1· d •c tr.an,formauon-. m11lar n:,ults . ~ med -,hooh m ca 1, 
tran~ ~~tamed \\1th ch1mcnc con-,1ruc1, carrying the! bar gene 
w;;r control of other plant promoter, (unpuhh,hed data) 
u f I rep<mer gene It i, cnt) ma11c.ill:,- ,md The bar gene • ., .i u..c u 

. II . ,. yablc to analy,e gene c,prc,<,1on m 
~~;~~:c~~a~t, a~/\', c,tem blOl, amount, ol 5 ng P \ I \H'rc 
detectable (Figure 1Al In add111un. 11' Cl\/'rlllatK adl\ 11, , ~n 
be anal)..C.:d h) l.hru111arngraph1c dctccuon ol acct~latcd I I I 
(Fi •urc 18) I-01yma11c:: actr,me, corrc,ixinclmg to I ng ol pro. 

g I I b -~cd •ltl!r an o,crm11ht C>.f)l>,urc ,\ nuratc 1cm arc c car > o \C, • " c-
value, ot e111;111c acll\,tt} arc ohtamcd it the en,) me kmcul, ·:re 
anal \Cd 'fll-'"ltn>phowmctncall> (...cc Table I I I:nf) Ill\.' l<.IOll n. 

) t 5 "" ml can'-·• detc,tcd ahmc ha..:l..l!rnund dld}l,1" 1ra11on, o e- '"' ~ , 1 I 
JCll\ II) tn plant cxtrach [·.n,r~ lllJlll tharadCrtfallnn ot I \ an, 
,ome demau,c, v.111 he dc".:nhed cl...c\\hcrc 

\nal),t' ol the PAT c,prc"1on lkmon,tr,11c<l that there is a 
,uh,tanual ,ana110n bctv.ccn m<lcpcmknt tran,lonn.tnh Ill tl~e 
lc,cl, ol cxpn:,,ton a, ha, been ob...cnc<l tn other l',I"' Oonc.., 

1.1 al. 1985. an<lcr, a al 1987) Quant11amc d,11a ol ad~' 111c-. 
,htm1..-<l at tc.1,1 a JO told d11lerenu: 1 h1, ,.mah1ht} het1\\.'1..n,d1l 
lcrent plant, \\ a, rcprc'.'-l!ntc.-<l a1 the lc\cl ot P \ 1 ,, nthl!,1, , I A I 
acu, ll'> and the am11un1 ol P•\ I ,pci.;1f1c mR'\ \ I he.• prc-.cn1..c 
ot three 1 O'\A c;np1c, m pl.int 10~ lclat,t 11111 ,hm\nl ma~ C\ 

platn the highe,1 c,prc,'1nn Jc,,cl: the other ob-.cncd <l1tlcrcnl1.., 
ma) he due to chrmno,llmal l<x,111on ol the I D'- •\ 111,en11111 

In grc.'Cnhou...c ,pra} mg 1c,1, tran,gl!ntC planh c,prc"111g 
,anou, le,,cl, ol PAT v..:re lull\ re,1,wnt 10 high dn...c, of Ba,ta 
and Hcrb1a"c . the commcrttal lurmulaunn, til PP I ,111J 
bialaph<h re,pc1..11\ cl} r nr l!xamplc. Ba,ta cllcl11\cl} k1lh 
tuhacco pl,tnh at'.! I ha\\ h1lc 1ran,gcmc. plant, 1,crc tulh rcw, 
tant tti repeated ,pra) mg ,, uh '.!O I ha ( Figure '.!) '-nrmal ap 
phc.autm, tor \\i.;'Cd control tn agntuhure -.af) lrnm :? 'i to 7 5 
I ha The tad that treated n.:,1'tant planl\ cltd nm ,l1tm ,111) Ill 

c.n~a,c m \II, umtent pm\Cd the c1m1plctc prn1cc11on of the. 
plant GS lrom the a .. 1111n ol the hcrb1rnk I xprc.,.,1on ol P \ I 
at the lc,ct ol O 001 ', ol wtal C\trallcd prntcm, 1-; ,ull1t.:1\.'nt 
to protc1.1 the plant, agam,1 field do,e apph1.auon ot the hcr­
tuc1dc, imc plant, l!>;prc" PAT at a 100 told higher lc\cl I he 
PPT rc,1\lan,c v.a, mbcntcd m the FI prngcn) ol tohaci.:o a, 
a ,mglc clummant 1ra11 Spraytng ot the ,ccdhng, can be u,cd 
1t1 follov. ,cgrcgaunn 1 hu,. the h<1r gene oiler.. a l,!reat ad,,m 
tal!C lnr -.elc1..11on of prngcn, grov. n tn ,011. thl\ m rnntra,11\ uh 
man} other m.irl-.cr gl!nc, 

Other ,1pproa1.he, 10 oht.un PP-1 rl!,1,tJnt plant, ha, c Ix-en pm 
po-.ccl Donn o al C 1984) ,chtcd PP I wlcr,1nt allalla c;cll 
,u,pcn,mn, l hc...c rc,ultcd Imm gene amphfita1ton \\lud1 } 1cld 
cd an tn<.rca,c m the GS cxprc .... um \ "m1lar rc,uh t an ltl..cl~ 
be obtami:d b; mcrc,prc"mg a G g1.:ni:. u,ing a ,1rong plant 
prnmmcr Hov.c\cr. 11 1, not dear v. hcthcr c;on,crtmµ more 
glut,11na1c tntll glutammc \\ould not prnJuc;c undc,1rcd cllci;h 
on the nun>gcn mc1ati..1h,m ol the plant (l ,11)ola Varg.i, and ",,m 
che, de J1mcnc,. 1984) Another appro.it.h v.ould he to mtrnduu. 
mtu pl.inh .i mutant lonn nl GS v.hKh 1, 1111 longer tnh1b11cd h, 
PPT. Stnc;c plant G can tumplcmcnt J J.:[11 A mutauon 111 I 
colt CD.i, am,a u al . 1986). 11 might he po,,1blc to ',C(cc;t dtrcd 
I} m I:. wh for mutant lonm ul the plant GS v.h1, h arc rcw, 
tant to PPT llm, c,cr . ..C.:\crc dra\\bJd, rnuld be cnttiuntcrcd 
11 the rc,M,1nt GS ha, mtxl11icd cnf )- 111Jtte pmpcn1c, Al'I>. G"i 
h..i, a multtrncnc ,uhunit ,,ruuurc and mt \Cd cnf) me c.:omplc,c, 
v. 111 prnh..ibl1 he mh1b11cd h) the hcrb1rn.lc Funhcrrnmc. 11 1, 
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nOI clear v.hethcr u,crc,prc,-.1nn or muwunn of a ,mgk G • fom1 
,~ould re-.ult m hcrh1u<lc rl'W,tantc ,m,c man) plant\ tontam 
muluplc form, nt GS 1l.n,,1m 19 'i Gehhardt <·t al., 1986). 

Our re,ull\ dear , ,ho"' that engmecnnJ! hcrb1c1<lc re,l\tancc 
u,mg a <lc10,1lka11on 1>1 dcgra<la111m pnx:c" hnl<l, much pro 
m1...c lnc ,une....,ful l"nguwenng of a dc111,1fka11on p.ithv.a, "'111 
~ largd) mdq>cnd.:.-111 lrom the plant ,pcuc, U\C<l. The ·,,1111.:.­

gcnc "111 thu'. Ix- u,l·lul to cngmccr a ,,mcty ol cnl(h, a, ,,c 
ha,e c,cmphl1l-d h re !'here arc t\\11 ,ource, lor dcto,11\ mg 
erv, me, Ill n.ttUrl·, ,mne hcrb1c t<ll' tok·rant , n,p ,pcc1e, ha, e 
<lc111,1l)tn~ path\\a)!> ,ud1 a., the glut.itlu,mc "i tran,lcra-.c m lOm 
I "hunahul.uro If al . 1117 I) \nor her -.c,urn lan l'C dcgradallH' 
m1.:r11,,r1;am,111, oftl'll found m hcrhtl 1de .. 1111wi11111..tll·d ,,111, l'ro 
hlem, \\Ith th1, appro.1,h oul<l an-,,: 11 sc,.:rJI cn/\mc, .ire m 
\Ohed m the dc111,11i,atum or 11 th,• en/\ m,:, ha,~· onh J l1m 
all1nn~ and 11r ,pcull,11) for thl' hcrh1c1lic, I he .iJ,.miJg.:, ol 
P,\ r a, <lc"ni'C<l h.:rc .nc III pan the con\Cqu,:n,l' ol 11~ c,olu 
110n a, re,1,tan,c gcnl" to ,Kt \CT) clhllCrlll) and ,~1th lugh 
,pcc1fa11~ nn ph1>,ph111111hn,111 

\latcrial, and mctho<h 

\II I>'-\ rmrupul;,11on, v."t"n, a- d..-•mh:d t,,, \hn rt al l<ISl fol.I H nt 
lnigmcn1 v.-a l">lai.:d lrom rlK,W ("' llllpal>\"111 p;ij'<r) and llllllC'1kd v.11h 1v, 
C'Olnpk-menur. »nlhct1 oh ,mudcoctdc, 5 C '1<, (i( l l <, \ \( 1 and 
\ CC,ICCifT( IGU,< I and It a1cJ 10 pl r.;.51,2 Oloucrman lllS!J) v.h1dl 
lud ,:n d,gc,,1cd v.olh \, ,I and H 111 Ilic l•,r gcnc could L">lalcd a, a l~udll 
lr31:me111 trnm !he rc.ul1m rlaurud p(,\I IU \ cauhllov,cr nios:uc """ 15, 
prnm,~r lragment obumc:d from p(,\12 (l>clilac:rc ,., al 19 7) v,a lu-.cJ 
at 1hc C/ul >1lc to the &milt f~mcnt cnnumm the /~,r gene after ltlhng lhc 
prn1rudmi: end," 1h t..:lcnov. ll'- \ rol)nicr~sc Ilic 11 I>\\ gene 7 awlatcd 
lrom I' \l>ZO ~ v.a, IJdJcd a, 1hc 1 •7 tr~ rtlCllt (\ clten t1lld hell 19 ~, 

\ chuncnc Ull.lm, m rc"\Uncc rnarler conu nm a norahne '> nthasc pro 
m11tcr. the nrom) cm phosrb<11ran,1cra;,c II gene from fn5 t1lld 1hc 1 end .. 1 the 
,,11'("111C "ntlwc gene v.;u tnscncd m the H Ill "IC of p<,\ IS(X) ( l>.:bbcrc .-, 
,I II/ 7) 'iull>cqucntl) the chtmcnc bar gene v.a, mscr1cd m Uu, ,cct >r 10 
grncrale r(,\I R~NI 

I runlj, ,,,.,,wn ,>J rrg, naa1,, g \I( I 1nbam1 pr >lap/a 1, In n ro/11mtu,r1 M th 
i rob,., t, nurn tumrfi, 'lt'I , 

I.at J>r(~('f"la,1, ol \ iahurom,, P,·tn h.1,allJ \SRI) (\1.il • rt al 1'17') 
v.crc l>Obk'd Imm 1mlc .b<JUI ulturo grn-.. n 1m medium e< nc~nmg hall the 
ron.:cOlr•tlOII fll \1 \ .alb (\lurasht c and ',h .. g 1'1<>2) .urrtcnicn100 v.1lh I 
sucr<>-e, II !I • ar pl! ~ 7 ',RI tob3'.'CO rrocorla,I\ V,(fC tran,lo1111Cd U>llllJ 

a w.xt,1oc-Jt1<m of !he eo<ultl\a,tmn 1cdu11quc ol \lut •n r/ o1/ (1'17\1) I ,,c ml 
ol f'<ul 'f'la,b ( - IO' ml) "'CIC CU turcJ m t-.:3 medium ('-JC) 1,nd \1.w .i IU"ltj 
wpplcm,cntc"ll "'11h n 4 \1 w rose o ~ g I \ II s rll 5 5 o I mg I 
naphlh.knc~clJc ik1J I~ \ \ I t1lld O 2 mg I bcnL, taminopurtne (0 \PJ m U cm 
Pelf' J1,Jic, 1,,, ' d." Rcgcncniung rn~opL. 1, "en, !hen tnk 1cJ al a riillO 
ol «• 1 i>J,1cnal ccll, grov.n m \1 ,n \ medium (\11llcr, IU72J rcr l''""'f"l.1'1 
\111:r 1 J.a~, 2 ~ ml Pl mi,hhcd K 1 nrd,um rnm.wung I 2 lo" gcllm • bg.tR>Se 

.nJ l(XXI mg l cclow,11ne "'"' uJJcJ In 2 \ ml ol !he cu<ulm11tKm m1,1urc 
The ,u11ur,· ".l' 111<-uh.11,-J on\ ,m Pcm J,sho One v,cx• Liter !he agamsc due, 
"c"' 1ran,lcrrcJ h> I/ cm Petra d"lao cunuonong Ill ml ol mi'<lohcJ I..:' medium 
v.,tll o 1~ \1 ""-""<' and ',o l'11f 11.an.iln~cm or o ~ •;o nll)/1 PP'! I ,"t"r. ~ J.a), 
tho. l1qu1J medium v.i., rcplaccJ h, lrCMl n>rJ,um C.Kh tune lo,.cnng the ,ucro"' 
oo,cn1, .. u,m h\ 'iO m\1 \\ hrn th<- W<"W-.e ,otK"Cntrntann n:.Kh<'\l O I \I , lhc 
4lh v.crc lr•n,icrr,-J to 8~ mcJ,un, 1C,,1rr1horg, IUl»>J v.nh 250 mg/I !'.II, ,o . 

O~~• \ll·'>rll ~~.n~m•l B\P Ollmgl °''' n,,,. agamscand,-up 
plemcmcJ v,oth ,,moo, cnn.:cnlr•Uon, ,1 hllJm>,on or Pl•I 

f.,HJ/ Jn, Jr,m,Jormarwn 
Toh,.u,o l...C:J\C:\ tn,m ~cnlc ,hone cultuu::-i. c1I \ 1, J J w , P~hl H:S\JI\J SR 1 
~ro" n ,m n,cJoum cnnwon,ng h.dl the ,onccntrJllnn ol \1 ', .... 11, ,ul'I' ,., ·ntcJ 
Yollh I ,U<.nl\C O ~ JfJr. pll S 7 v,crc u..:J J, ,un,n mJtcnal !he: k:JI 
J,.,._ lrm,lonn..tttlfl v. J, c,-..:ntaJII) Jn0< J' J.."4nh<.-d h) Dchl.1.:rc ti al I IUK7)

2 \htlnb .md et!ge, " crc rcmmcJ from lhe kJ,c, J.11J -.cgn,cnt, nl ;;, n 2~ cm 
"'C"' pla.cJ rn lhe onk .. 111111 111<.·thum ! 8 ~ rn,-Joum -.upplcmcntc-J v, 1th 2•;0 mg I 
\ H, :-.0 0 S g I \ If_', pH S , .md l' ...,, r.>.e) I n to ml 111 11,k,. t•m mcJ,um 
lln J 9 <Ill Pein tll\hJ 25 ,.1 ol J I.lie log ,ultuoc 01 !he 1~robarn num ,trum 
f"'"" rn \Ion A "'"' ,t<lJcJ Alter~ d.t}, the le.ti J1-..;, v,cre v,J,hcJ v.oth the 
onfc..t,on medium \llpplementcJ v,nh 500 m11 I ,clnwx,mc The lcJI Jo-.., v,cre 

I ltrhi 1de-resl~U11t1 plJnt 

pb=I on hool mdu,ong medium [B5 medium wpplcmrntcJ v.tlh 250 mg1I 
'-It.."<> o ~ g I , 11-s rll \ 7. 21' glucu.c 40 m I adenine. o 8% agar, 
I m 1 II \I' 0 I mi; I mJnlc acetic id t 1 \A) I mg/I cclo1.n1mel con 
bllU the \Clccti,"t' ~•nt I l'Pl or wwmcm) Aller 1 4 v.tth the rcgcncnotmg 
wlh "'CfC tran\lerred to the: "'me med turn v, 1thout IA\ and c·uni..,nong 
:?<•1 mg ccfol.l\tne I v.o In three "'ttl>. l;,ocr ,h<x11 "' L"•t..1cd llJld 1ran,lcr 
red to nx,ung medium fh;,11 1hc conccn1ra1Km nt M\ s;ilts wrrtcnicntcd "1th 
' ,ucn"" 0 ~ cfl \ 11 S rll \ 7 and l!•l mi;n cdt~.l\lnic) Root, formed ultcr 
I 2 weds I he fl~ 'CCJ sh,•~ v,c re ~iru a, SICnlc "1, • ~ culrure.. <>r trum lcr 
rc:d 10 the rccnhousc 

1, mat, S1mtc '1k•Jt cultures nl I r..-: 1/111/Um c- u,!u/lu v, re rrn<n 
dcs.:nb..-J for tobacco fhc midnh v.a, n,mo,cJ lrom the lca,C\ v,htch .. ere cut 
.. othnut v.ounJm the nicnh of O 25 I cm The mcnb "'en, p!a..,:J m 
the mfoctk>l'I n-.:dium l I!~ mcdrum .upplcmelllcd v.1th 250 mg '\II,'-< l O 5 
\11 S rll 5 5 l ""'"!IC <lO adcnmc 40 • 1 n<IMllol O , n • I tr.un1ealJnc 
and O 01 I\\) lo 10 ml I tnfc.;lton mcJoum ltn a 'I cm l\,tn dash) 20 ,.t 
nl a late lug culture of the i,ml,a Irr ,,,, lrntn i;ruv.n m \ hn \ v.a, ,Jdcd 
\lier 2 J.t, lhc leaf di, v.cn, v.a\hcd v.uh 1he mlcWon medium wpplemcntcd 
,. 1th 5(1) m I tcfou.umc 1lic teal tla..: v.erc pl;iccd on sh,_-..11 tndoctnl) medium 
Ill~ medium supplcmcntcd .. ,lh 2-'IO m :--11,,11 . 0 ~ g/1 \11 S f•II ~ 7 Cl 5 g/1 
rnl),m)lp)TTohJo~ II'\ l'J [) mg 1 gluu!11lne 2 glue<»c 40 m t i1dc:runc 
40 1mannll,~ Ob ~ilfl!IC OJ i1tnn.vcatmc 001 mg;ll\\anJSl•Jmg/1 
cefoU\lltlC Cnnl.1lnmg SCI 1111 1 1::in:unycm l:.:.:h , J.a\ 11,c u,mooc Jlrn'Ull' 
nl the medium""-" io..crro b) Jccrca< 1 11,c manru1ol conccntratann v.,1h 10 i; I 
\flcr I month c;all and mrr I v.cn, 'IC'paratcJ from the lcal d,sc, and placed 

<on sh<x,c tndu.: on medium v. lhout lll.lnntlol and I \ \ and umLJ nmg I m • 1 
trnnucatmc: and 200 m I cefou.,mic \fl r m.,Jf ,Jio,u had emerged the all, 
v,cn, tr.m,fcm:d to don auon mcJ um (115 medium .upplemrntcJ "' th 250 m 
'-111~0 0 ~ g I \11 \ pit ~ 7 0 ~ I I'\ P 2 luco,c :om ,I adt-nane 
0 b ag;,n= I mg I tr mvca11ne and O 01 c, \ ) Ille chm alcJ \h<~J!, 
v.crc tr n,tcm:d lo mcdtum conL11nolltJ h.llf tlic conccntrato,m 01 \ IS ..:ill\ -.UJ>­
plemrnkd "'1th 2 .ucnnc O ~ 1 \II , pl I ~ 7 tt II mg I cclowrunc and O 7 
ll ar The rmlcd ,J10,,u v.cn, rropag;,ted a, ,tenlc '1lcx11 cuhura:,, or tr~n lcTTcd 
lo lhe grccnhnu.\C 

1'""110 I nm.sgcna: r -uto v.crc aho t>blair...-.1 h) a lc-,11 d8 tnl<X"110n m:llliiJ ,tm1br 
10 the o,ic fo, 1,,t,;,.; n I he dcwtl, of lhl, {'fl, cdurc "all be rubh'lhcd clscv. here 
Ill.: 111,, l , I ,,/ tn rrcpar ''"m) 

II, rbtcidr ,,pplmmmu 

l'lanl\ v.crc ,rno,cd v.11h a 2 aqucou, wlutaon nl the lormulared 11.M;; cun 
warun W ll I !'Pl ( ll11c h\l \(j) or llcrhoai.c cont:Atnang 11 ho.daJ>lu-,,. 
1\l,1J1 Sc,la l.td) lrum the lour ,id 111 ~ I m2 ,url.i,;;e usang III hru\h lone ol 
11.lJi;cr '" v.ec old I I .c:cdhns, ['l;intcd ,-ep.ir•td~ 111 multt),lr rlJ1c,. v,crc 
,pra,cd "oth I I\J\IJ. 'ha 

I' I/ au,111 

I I, ,,.,.,h,,J I u l( i l mg 011< <;(J Hll ,.t c,t C\lrJ<llun huller 150 m\1 Trr-
11( I pll 7 \, 2 m\1 ,.1 1 l>l \ n I~ mg ml lc:urcr•unc. o I~ mr m 
rt,,:m1mcth\lwlftioml lluuridc, f'\1~1 0 1 mg/ml ,,,nc serum alhumm 1BSA 
II 1 mg. ml l>I> 11 v.;n adtk-J v, ,th ~ r P\ I' ,,nJ ;.c-.o !<and lhc 1,,-..,,: ""-' smunJ 
"uh a gla-., fliJ ,nu rur>:tun,J I l'f"OO<>l'I tut-.: th;,t ,ont.1,ncJ" h)drophoho, rtui; 
•I 1hc h<~1,,m I he f rrcnJorl tuh..· "'"' pl;,..--c:J 11110 a IJrgcr 1uhc anJ lcntnlugcd 
lor I nun~• tt•• • r I'm the C:\lr.Kl ,.h,,h ,.,., rox,l\cr,-J v,a, dar1hcd on an 
! J'l'<:ndorl ccntnfu~c lnr ~ mm Io a J,lutc-J c:,ira.t ( I 2 ~ ,.I) l'JYI ((I 7~ ,.111I 
• 1 no \ 1 i.,~ m 'ill tn\1 In, r ll 7 ~ 2 m\l '-•. I DI \I ,.o,J l1'C \,Cn\ 
(I 2~ ,.., (' I rnC, IT~llO, '-I :SJ ¼Cl'\: aJdcJ lhc lt'a:IJ<"I nu,run: V..t- ,n,. ,on.tt.'1 
~1 17 C' Im lo nun ,nJ 'fll~t .. -d H• ,.I) ,., a ,ahcagcl t I c r1J1~ \,.,nJ,n 
chmm;,1n~rarh, ";u C"dlflCJ IIUI ,n J 1 to! lnl\lUr,· ... I !'H'f'JOlll and ,11,011 
(!~ '- Ii i) he .. ._ H\UJhitd h) utnra<l•~rJ('II\ IX \ R ~ 1\1,J.Jl lolrn 
mcm,~1111 

,'ifk</r,>p/,.,u,11.m, """' Planl 11,suc (2'ill mg) v,a, i;n•tnJ 111 'ilJI ,.1 ol lhc h.&11 
""' cnlrat<-J c,1r ... uon huller v,1thou1 l>I> I I hc C\lr.t1.l '"• enriched tor Ille 
PAT Ch,')OIC h\ ~ Jollcrcntaal 1,H,l:S<>, rrc.1r1t.tl•m I \(I t,11' I lhe rrutc,n 
f'<.'lkt ""' d,,.,.~,cd on 2W rl nt huller j<;c) n, \1 In, II( I pll 7 ~. 2 m\1 
' •: I [) l \ t l he rrotcm WIKClllrallon ... , mc,1wrtJ rcoJII\< Ill ns \ ., IJO 
J.arJ U\lng lhc Boor...J l 11 Inc rc-1 Ill the rr, .. cdun: "'·" J> Jc-..n ,d to, chk>r.ll'll 
phcno,1il ikCl)I trJ.n,lcr.o-.c rShJv. 1111,1 The r,11c 111 l'Pl .... c:1,t .. 1"111 v,J, 
quanllt1<-J b> n,ca-.unnf th<- ln:e CnA ,ullh)Jl)I grour wonoJcnt v.1th tran,lcr 
ot the .icct) I ir,111r tu PP-T The rc .... uon ol the rcJu«-J CnA v.uh ,5 
J11h"ih" 2 n11rohcn101L ..._,J <DTNB) ) ,cl,h a n•,l•r C')Ul\alcnt ol Ire.: 
\ th••~ 1111rol><:n,,1 "',lh • n~~..r n11ni.11,m «><=ll1<x:n1111 11 l~X> •• -112 nm ll1< 

Tl<.'I chanr, Ill C\lllldl<lfl rcr mmulc V.J, dl\ad<.-J h) l 1 ll Ill ~I\< the r~lt ,n 
,.mol m,n 111 Pl"! dcp.;~nt IH '-ll i;cn.:ra1,·J 011<• unit ul l'A T , Jchn.:J "' 
I ,.mi,1 "' 1'1'1 J.Cl}IJ lcJ f'<.'r mon ~I 17 (' 

lw/.1t1111 1 piant R\-1 t1nd h,hr,J,~,m.m 

l..cJI R'- \ "" 1 .,JJtc-d c,-.cnltall> J, Jc,.._nh<:J h> fon.:, rt t1/ ( l'IK~I A 
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M .De lllod, ti al. 

B~nl .\1111 tnismcn• trow J'(,SI IUkO <.irt)IO~ the bcir f<'l'IC ".l' clonal mto 
the P6 \c,.tor J'(,I'. \I 2 I !>run,.~• BK>!,,hl SP6 R, \ pul)mcra-c "a.' u-.ed 10 
tro.ns.nbc: a rad111x1tH R, \ pnih..· u1mplcmcnt.U) 10 the bar mR A 'onhcm 
h)bnJ11 .. 11<>n npcnm<:nt, v.cre a, dc-.nh,,J b, Jone, rt al ll'l&Sl 

ll r11rm bh>t 
Ahquuh ot le,t ntr.,,1, rorropofllloni 1<1 7~ 111,l tuwl C\tract..-J protein v.erc eloc 
"',phon"'--J un I~ <. SI><; r-4>"'-')Lmu.lc ed ..nJ tran,kn,,J h> _. mtn"-dtul"°"' 
tilter Th.: hhtr \\J, treat..-.! hn.t ,.,th r-,1hh11 ,IJ)l1l1"'J) 10 PA l . then" 1th all.illmc 
pho.ph.it.t~ l.ihdltd t:o.it anti rJbh11 lg BCl8 '\Bl ,sl~.tlmc phosph.l1J-.c colt>r 
de,ctorn,cnt solu11on OiK>rildl ..... , u-.'\I .. , -uh-trarc 

,-t,n,n,,n,u J, trrm1111Jh<H1 ,n pLm1 ruruct, 

W\C,. cz~, mg) V.CIC C\lnklal "'di:-.. ~-•-u.J) in O <. ml e\llll<tJ<>n huller 
«-.nwm,ng O I I) I'\: I' lmoluhle 111:11cn,sJ ,...., fXll('leJ w>d I b ml 111<:hlom.i,c!JC 
ill.id 10 , \ II";" aJJ<d to II~ ml .upcm.iwnt \lier ]O mm the prt\C1p11.11e "'J' 

"'~""" I)) Cl.'ntntuga!IOO The .upcm.,wn1 wa, nrutr.thteJ "',th KOii (10 n1t>l h . 
tiltcrcJ ~nd u\CJ l<>r the dc1..-nrun;i11<>n ul ,11, • 10 I O <. mil In the pre..:nc;c 
ut ~wn.i1e Jrh,dn>i;cru\C' and Rlluo.'\I rucn11llJJllldc aJ,:runc l'llk.lcuoJ,: t'\,\l)H1 
a1M1on~ rexi. ,.,tho ~<loSluwratc 10 l t:lut.un.11e arid "- ADH .mJ am~>nia 
arc <'-""Urned ,tnKhu,mc-tneilh v.uh the amount ol ,,mm ,n,., 'The a,_.,> ,.,1, 

pcrtormc,l on I ml CU\tlto conuining O I~ \ 1 tncth.mobm1nc pit b, 11 I m\l 
u lci.,gluWMC, 11 2 m\1 '\ \llll and'> l glut.a111:11c Jch>dr~cna...: C'on-ump 
11011 nt '\ \1)11 v. n ir,1,,.,..../ h, m:ordin£ the ,hani;c m ub"1rl'-l1"c al '-10 nm 

Ackno\\ led!!,emcnt, 
We th.,nl. J,,.,rm lea ptcp.ar,.uon ,,t the m,mu«;r>pl, K•rt '>f>ru\l ,.nJ 
'>tcl.un \an Ci)\C'f;Cm tur m;,ltni; the lllu,1r,1IK>11> \\c th.inl. llr (, [), ~n tor 
,ample, c,I p1x,-plunu1hrk .. n Dr \I l~u..,crcu "lkknov.kJg.,J tor punf><all<>n 
.mJ prcp.u.11,on ot ant,bnJ,c, Jnd l>r I Krchhcn tor tnt1 :d rc.iJmi; nl the 
rrunu ... np1 
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