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ZIEVE, l”tu:� NKLI N ,J . : l’ffo’cfs oof f Ito’ omuroitio ugem i �V -mut’(‘t o xy -2-flutooro’miylmuco ‘tmunuide omit t ho’

fo’mplmut 0’ lumouloo’rt its of olo’ooxyriboottuebo’io muoio!, .1101. I#{176}/,aI’lllU(’ol, 9, (058 -6t�) ( h 973).

‘Ftt’mut nuo’nf o of’ I )iN�� i�,i ti/to uvifhu (Ito’ cmuroinoogo’n AT_mucot oox�’-2-fliuoto’tuylmucetmunuitlc’ (N-

muco’fo oxv-2- l’��A ) o!rmusfio’alk’ ro’cluoo’cl t ho’ omujumuoit y 0 of’ t ho’ I )N A. t to so’rvo’ mus mu (c’niplmufo’ four

1� � s�’tit hit’sis. Sigmuiliomimuf itimuofivmut it otu oof to’nuplmufo’ muotivify ooco’urro’o! u�it iiin sc’coticls tufter

nuixitig flit’ omuro’inoogo’tu �vithu I)NA. �\. givo’mi o�umutufity oof tro’muto’o! I )N�� coouilol himuc! 10 (mit’s
nitun.t’ � poulymuio’nmuso’ fhumin (lit’ smunuo’ o�uatifify ouf eoumitrool l)N��. liN�� symithio’sis t!iro’cto’d by

(ro’mufo’ol 1)N.� oo’aso’d mut’to’r 5 mum o of’ itio’uhmutioomi, ��hiIo’ 1� � symitho’sis c!iro’ofc’d by o’oomiftool

I)N�\_ roumit imuuo’ol to or ouvor I hr. ‘Fno’mutec! I )N�� ��mis mus o’ff’o’otivo’ mis coomit to ol I )N�� in suj)j000mfimig

thio’ o’xehumumigo’ oof’ 1#{176}2I�]i�ro ojoho osjuhumuto imifo o miuoboo osic!o t milohiouslohimuto’s it i t ho’ Pro’semioe 0)! I� �

poolymo’rmuso’. ‘Fhit’so’ fituclitigs imic!icmufo’d thmuf N-muoetooxy-2- bAA imuhibito’o! I� NA sytufhio’sis by

prc’vt’miting ohimuiti o’loungmutioomu, mimic! thumit ohimuiiu immitimufiooli wmus utimuflt’ttt’t!. I )o’mimuturmufiounu by lio’mtt

our mulkmuli d o’oro’muso’tl (ho’ femplmitt’ cmupmuoify of coomotro ii I )NA hut imicn’muso’ol I ito’to’niiiolmufecmtpmioify

ouf fro’muto’cl I)\A. Imi mudo!itiooti, t ro’muto’cl i)N�� uvmis niooro’o’ffoctivo’ thumun ooutit rool I)NA in sup-

pourtitig t lit’ ho omo ojooolyrno’rizmifioomu oof’ muc!emiyhio acid by R NA jooolymo’rmuso’. It fhuo’refouro’ mup-
po’muro’d hiko’ly that N-muco’fooxy-2-l”AA jurood!Uoo’t! ro’gioolis tot’ jomurfimul denimitummutioun of 1)NA.

Co ompmuriso uti tot’ (Ito’o’ffc’ctsoof mu so’rio’s oof’ N-mioo’t ooxymunvbmuoo’ttuiuiolo’s to’vo’mubo’o! (limit muhoohitioutu out’

I) NA tenujolmut o’ aol i vity ton by oooeurro’d when t ho’ muryl nut uiety � gio’mut or t himutuoutie ritug imu

sizo’ mint! whio’mi thio’miitroogo’mi mutoom \�mus looomufo’cl /)ao’a too tlio’ munoniumitic’ svsto’miu,

I NTIIOtO UC’Tt coN

‘Flit’ imuto’rmuofiootoouf cho’niio’mul oturoii000go’mos

with oo’llulmur to omistifuo’mifs humus loomig ho’o’mu ro’-

This pa�)o’i’ was I mikemi I mi )omim’t Ito omit mi Ihesis

suil)miuit tc(l too I ho’ ( rmudiumite Soiiooool of I ho’ ITmil-

versitv oof Mimimio’sootmo mi pam’timd fuilfillmiio’mit oof the

meoluiiremuuemits foom’ the ol(’gm’o’o’oof I )ooo’to� oil Pluilous-

opluy.

1 \Iecliomul Submit 1st Feiloow of I lit’ Life I misuim’anuce

1\Iedi cal llo’semu rob Fm umud. Preso’mi I aoltiro’ss, Scot i ott

ton Phvsioloogio’al (‘uuitroobs. Latooom’motoomv oof Bloo-

muuedioal Sciomico’s, Nat boomial I mist It umto’ oof (‘hi Ic!

health amid hlutmnami IOeveboopmiient , Nat loomi:ul In-
stil uites oof I lo’al t to, Ho’ I hesda, Marylmimid 20014.

gmurclo’cl mis osso’ntimul too tlio’ o’murcimioogo’muio

lomtott’SS (1 , 2). \ I o’t muluoohto’s oof flue jot of out
hio’pmuloocmiroim ioogo’mi, .\‘ -hiyolrooxy-2-flunouro’tiyl-

muoo’tanuido’, mire buoouiicl too livo’r I)NA upon mud-

miiiistm’mutioomi tot’ flit’ emu!’titiougt’mi t(O 5U50’O’j)tiblt

sin ‘o’io‘s (3 -9) . ‘Flit’ fum icf itotimu1 sigmuifi cminucc’ oof
this bititlitug mumiol its roolo’ in rmurcitioogemic’sis mutt’

umiknoowmi.

\T-I-Ivd!rouxy-2-l,’��2 clout’s not remuct too

mutiy sigmiiuicmutitc’xfo’mit with tiuclo’ic mioic!s in

vitro, but ifs muo’o’fmitt’ o’sto’r, N-acefuxv-2-!”AA,

2 ‘Flit’ alu)um’evi mit loins umso’d a m’o’:V -hydrooxv-2-

FAA, .V-huvolroxv-2-fliuoro’muvlmio’o’tamuiide ; .V-ao’o’-

tuoxv-2-I”AA, .V-aeetooxv-2-flumooro’muvlacetanuicle.
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remucfs miomuc’nzvmmutiomully with 1)NA umudlo’r

physiological o’outudifioumus ( 10). ‘Fho’ numujour

proodunet (of this ro’tucfioomi is 1)NA-booumiol S4-(N-
2-flinorenylact’fmumidou)guumumiimuo’ ( I 1 ). ‘Fro’mut-

nuemit cof DNA wifhi N-muto’fouxv-2-F’AA lumus

profouuntid c’ffecfs tori flit’ biouIougio�’mil prooj)t’n’tio’s
(of (hue DNA. Four o’xmtmplo’, i’ulahio’r ci al

( 12) shio�vt’d (limit N-muo’o’foox\’-2-F’AA omuused

h)Oimif muifatioris, mutud ‘Frooll et al (13) foounud

ti-bitt treatmeiit with AV -�t((#{176}t�X\’ 2 1’AA dra5-

tid’tullv rd’ducc’d flit’ capacity of l)NA too

support I�NA svmithio’sis itt flit’ pro’so’tuc’o’ of

RNA polymo’rmuso’.

I)urimug a study of this imumuctivmutioumu tot’

I)NA tt’mj)!mtto’ muctivify it wmus oubso’m’vo’d

(limit N-muco’touxv-2-F�AA oiidl miouf iuit’rt’ly imu-

hibif RNA symifhio’sis but mulsou multered flit’

ohimurmue(c’risties ouf flit’ HNA poolynto’rmiso’ ro’-

aefioumu. ‘Fho’so’ ouhso’rvatioumus suiggo’sfo’d (limit,

imi addifiouti too prooduoitig a oiuatutifafivo’ imu-

huibifioutu O)f RNA svtuthio’sis, N-muo’o’foux\’-2-

J”AA might hmtvo’ sumbtlc’r o’ffo’efs oumi flit’ rt’ao’-

tiounu,which couuld muffoot flit’tyj)o’s of RNA

5l)t’O’iO’s svnthuo’sizo’d. ‘Flit’ o’xpt’minio’mits dlt’-
st’ribed imi this ro’joourt demul uvifhi flit’ ft’mj)lmufo’

proopc’r(ic’s ouf N-muc’o’fuxy-2-F�AA-tro’mufo’c1
DNA in-i flit’ 1�N& jotulyruuo’rmuso’ no’ao’tiounu mimic!

ivifhu flit’ stiucturmul ro’oiuirt’nuo’nuts foot flit’

abouliticuni ouf DNA tt’niplmito’ muefivity.

EXPERIMENTAL PIIOOEDUHE

PI’o/)a)’ati(Yn (),J J)�V�1 . ‘F��oo nuio’fhouds wo’ro’

uso’ol (to pro’pmuro’ i)NA f’rounu flit’ hivo’rs oof

maurnitul mmulo’ Houlfzmmumi m’muts. ‘Floe first u�mus

the mo’thood of Smuvifskv tumid Stmumud (14).

‘Flue finmul I)NA pro’pmurmtfioumu ��mus olissoolveol imi

0.015 it NmuCl plus 0.0015 M soodliuim cit rmu.to’

(pH 7.0), (ro’muto’dwith RNase (40 jig/nil) to or

1 hr mit 37#{176},and fhuo’n imic’uibmufo’d wit Ii Proumumuso’

(100 jig/ml) four I hr mit 37#{176}.‘Flit’ mixf tint’ was

theti extrmucto’d twice with phit’mitulitt the pro’s-

o’no’o’ (of 10,#{189}�sodium doudo’oyl suulfmufo’, mutuc! flit’

1)NA was pro’oipitmito’d with o’fhtunool, clis-

soulvo’d hi 0.015 it NmuCl iolus 0.015 ii soodiunm

cifrmtfo’ (pH 7.0), tumid climulyzo’d migmuimust this

soulufion. The so’o’outudmo’fhioud of pro’pmummutioumu

was (limit describo’dl by Irvitug mumuti Vo’mizo’y

(15). Foolkuwing RNmuso’ fro’mu(mt’nuf flit’ mix-

ture was freafo’d wit hi Pro otimuso’ tumid o’xfrmuo’fo’d

with phenol mus do’scm’ibo’d mubovo’, mimid subse-

tjuc’iitby precipifmutt’d with 2-pnopmumuul (15).

Noo sigmuificmint differo’nuoo’s \\.�p hiott’dl bo’-

tweo’ni DNA pro’pmurmitioutus tot flit’ two typo’s.

‘Flit’ I)N�-\. soulutioomus wo’ro’ stoot’o’tlmu bio1uicl

N..

I�repai’ai ion of JLV,1 /)ol//nu)’ase. l� NA

1)tub�’tui0’nmust’ frounu Is’. (‘oh B ��.mis jourifio’t! by
flit’ nuo’fhoud ouf Burgo’ss (16). Flit’ tinimul jnui-

fio’mufioomi ivmus muchuio’ved by glyco’motl grmuc!io’mif

o’o’tit rifugmufioun. ‘Flit’ o’mozymt’ imuo’oot1)oura(o’(l (ISO

mimiuoulo’stof ��i�ulP iot’nnuilhigm’miniout’proto’iti in

flit’ mussmuv system clo’so’tibo’d bo’loow, usinig 2(10

/hg71111 �f (‘�11f th)’flUl$ I)#{176}’A� t(#{176}I1�j)htt(#{176}.

Pt’epai’alion o/’ (‘Olll/)OUfl(lS. iV�Aco�foxy�2�

l’AA, nip. I 10-1 1 2#{176}( I 7), mint! N-hivt!rtoxy-2-

l�&�k, m.p. 1 50.5-1 5 1 .5#{176}( 1 8) , � pro’pmurt’cl

by publishio’d nio’thoools. N-Hyolrouxy-2-l”AA

\vmus further j)urifit’d by ooomuvo’tsiounu too its

O(Oj)jOt’I’ cho’late ( 1 9) . �Fhio’ o’huo’lmufo’ � do’oonu-

joooso’ol �vifhu hiyc!noogemisulfic!o’,mimic!flit’prooduet

\�.mis mo’orvsfmuhiizo’ol fro ni mitiuut’o outs o’fhimuno oh,

nil). 149-151#{176}.

‘Flit’ ro’nuumuimuimog hiydrooxmutiuie maid osfems

wo’ro’ gifts frooni Vu! Voost, too whuonu I mini

olo’o’ply imudebto’t!. A7-Aoo’fo ox\’- I -fluto oro’niylmuoc’f -

munuitlo’, mill). 77-79#{176} (20), iV-ma’o’touxy-3-fluoo-

m’o’muvlmuoo’tmumid!o’, nip. 104-I 05#{176}(21 ), #{163}�V-muce-

touxy-4-biphio’tiylylmuco’tminniolo’, muu.p. I I 8#{176}(22),

�umit! A7-muoeto txyjohuo’miylmuo’o’fmunuiclo’, tii.j). 36-38#{176}

(23 ) , � pro’pmuro’oI by publishio’d joro)co’duro’s.

‘Flit’ tit’\\.ooumiupooumio!s, �vhuichi � PmO’IOmind’d

by muco’fylmufio mi oof’ (ho’ n’o’spo’c’fivo’ huyt!rouxmunuic

mloio!s iou j)yrid!itut’ uvithu muc’o’fic mumihuyt!rido’ (20),

wo’rt’ 1V-muo’o’to uxv-4-fluorc’moylmioo’fminuiclo’, miii).

108#{176},XEto)H 261 (#{128}15,200), 296 (#{128}8(100), mimid!

:�o:� (#{128}10,000) mum, � 1 793 ((�)--C=( )) mind

1693 (N--(1== )) o’nu�’ ; iV-muco’touxy-2-biphiemi-

ylylmuco’tmunuido’, mii.p. 10! -102#{176}, � 232

(#{128}32,200) mumui, � 1 790 (( )---C=( )) tumid

1(185 (N-C=( )) o’m’ ; mimic! A-muc’o’foxv-3-

bipho’miylylmucefmumido’, nip. 83#{176},X�” 242

(#{128}26,000) nni, � 1 795 (�-C=O) tumid

1(185 (N -C=()) onn�. All flit’ no’w �

poutit!s himuol flit’ co urroet o’lo’nuo’nfary coom-

j)Ousifioutis.

Rear/ion of i)NA ui//i N-aeeto.tij-2-I#{176}’A :1.

Imicubmufioumi nuixtunro’s co omit muimio’tl 50 nu� Tris-

Cl (pH 7.9), 15 mu NmuCl, 1.5 mm soodium

o’if.rmuto’, 30% (v/v) ethmunool, 5% (v/v) dli-

mo’thiyisulfouxido’, 100 jig/mi (of 1)NA, timid

N-muoo’fooxv-2-FAA mis imidicafo’t!. ‘Flue voulunue

oof flit’ mixture u�mis typically 1 nil, mint! imucu-

bmufiouti wmis c’murrio’d tout four 1 hr mit 23#{176}.After

inetnbmufiomi (hit’1)XA was pro’cipitmutt’d by flue

mudditioun (of 100 jo1 ouf 5 ii XaC1 timid 2 ml t)f

#{182})5#{176}/’�,o’fhimutiol. Thie �)redipitmufe � wmishic’d
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foour tiiiio’swith 3 nil out’ t)5�/�� o’tlumutuool tumid!

dissoolvo’d imi 200 j.�1 oof 15 nut NmiCl jhums 1.5

nut soodiunnu oi(rmifo’ (joH 7.0). ‘Flit’ sooluufioomi

\�.mus c’xfrmuc’fo’d foour tinues with I ml oufcholourou-

fornuu mimic! fwito’ with I nib ouf �vmito’r-smufunmuto’d

efiio’r, amiti! finumully c!imulyzo’d oovo’rnighut mugtuinst

I 5 mu NmuCl plus I .5 mit soodiunu oitrmufo’

(iH 7.0). Coutufrool I)NA wmus (ro’muto’d iti o’x-

mic’(lv flit’ smunue mmutuno’r, but wifhuouuf flit’

addifioun 0 of 1V-tuco’fooxv-2- I”AA . ‘I1huis coumit roul

i)NA �vmus imio!isfitiguishumiblo’ frootn unit ro’muf to!

m’af hivo’r 1)NA imi ifs thoo’rnumul nieltimug j)IoOfilt’

tumid in its to’mplatc o’mtjomutity four RNA symu-

tluesis.

R�V;t /)t)l/plu’l’a.s’e a.s.s’a�j. ‘[ho’ ro’muofioomi niix-

turo’ (75 ui, fitumul voolumo’) oo)mu(muino’d 40 nut

‘Fris-Cl (pH 7.9), 4 mit MgCI2 , I nut

1\lmuCI2 , 1 nut ciithuiofhuro’i(oul, 0.5 mg/nil oof

boviiue so’rum mulbumimu, 0.4 mit (‘FP, 0.4 nut

C’FP, 0.4 nut U’FP, 0.4 mit [‘4C]A’FP (5

niCi’ mnuole), mimic! l)NA timid t’miz�’me mis mdi-
c’muto’d. Inc’uibtufiootu �yp� porfourmed four 10 mnimi

muf 37#{176},tumid ac’ic!-imusoulublo’ radioomucTfivi(v \�mus

(!o’to’rmimued by (hut’ mo’fhood ouf Boublum (24).

tIESU LTS

Iti migro’cnio’tit ivifhi flit’ Iimio!ings oof ‘l’rooll

et at. ( I 3), (lit’ imiounbatioumu ouf mimufivo’ rmif liver

I)NA uvifhu N-ao’o’foux�’-2-1’AA substamifimully

ro’duoo’ol flit’ ability oof (hut’ I)NA too sorvo’ mis

ml ft’niplmif(’ four RNA syn(huo’sis. l’iguro’ I

sluouws this inuhoibifioumu oof ft’niplmito’ miofivify mis

mufumucfiounu of (lie c’ootooo’mufrmufioumi tot’ iV-aco’fouxy-

2-I”AA wit Ii which (hut’ I)NA wmus imioubmufo’d.

Itu fhuo’so’ o’xpt’ritnt’mi(s flit’ I)N�� ooonoo’miti mufioumi

�vmus ko’pt ooumostmuuf mit 100 jig nil mimic! flit’

� coonoo’mifrmufioun wmus vmutio’o!

fhuroough flit’ rmumigo’ slioowmi tutu (hut’ mubso’issmu.

Coumucemofrtufiumos ouf N-muco’touxy-2-F’AA mis how

mus 10 jut imihuibifo’c! l)XA fo’nulobmuto’ muctivity

signifiotunufly, u�’huilo’ coomioo’mifrmufiooius oof 1 nut

amid! muboove miltuuo ost OOuml)it’f clv abo olishiet!11 NA

s�’nut ho’sis.

‘Froohl e/ al (25) hiavo’ mulsoo ro’poortecl mu sub-

sfmumufimul olc’oro’aso’ mu I)NA tenuplafe mictivify

bulb owing inicubmuf ion with N-huydroxy-2-

1”�\�\. 1Tmuc!o’r flit’ pro’so’muf coomitli(ioomus JV-hy-

droxy-2-FAA humuol nou o’ffo’cf tutu to’mjulato’ no-

ivify mit co omuc’o’nf rmufio Otis bolt ow I tuuut munuti

1)ro)duoo’d mu nimuxintmul ituhuibifioomi of I S�’� mit

hiighc’r cumuoo’mufrmutiounus (l’ig. 1). ‘Flit’ AT-h�’-

droxy-2-l�_AA uso’cl ito tho’sc’ o’xpo’rirno’mits �

purified by d�oumoVt’rsioumi too ifs c’oop�oo’r t’huo’lmufe.

Fmo;. 1 . I,oloihiliooo ooJ R.\A .5!/0OfhC.Si�0 by (real noeool

oof /)XA uu’ilh X-oiceloxy-2-FA A or N-hydroxy-2-

FAA

I )NA was imicuhaleoi wit h the indicated concen-

I rmit iomi oof .V-acetooxv-2-FAA uor .V-huyclroxy-2-FAA

foor 60 muiimu mit 23#{176}. Tho’ remuuabning coon�pounuemuts of the

romto’I itonu mu�ixI tires were as desoritueci umuder EXPERI -

Til i;NTAt� iR000EiOURI, (‘X(’ept I hmit the coomucemutra-

Imoomi oof tlimiuethuylsuilfooxiolo’ wmio 10#{176} (v/v). BNA

t)oolYmuut’rmi5�’ assmivs o’oomulmtimio’oi It) pg oil emuzvmuue mimid
4 pg oof I)NA imi muvoolouiiue oof 75 jib. Uiider these coon-

tilt loomis 24(8) romiuooles of AI\IP wemo’ imio’uorp(ormito’(I hilt)

B NA itu 10 multi mit 37#{176}1muI ho’ juresemuce oof umnt remuted

rmit livo’m I ON.\.

\Vhio’nu muppmurt’mitly ho unit ogo’mio’oous iV-hiydro oxy-

2-FAA which himuol motif ho’o’n l)urifit’d by

o’ho’Imuto’f’oornumufiotiwmus ust’t!, mu nuumuximmul in-

hibitioomo of 45% wmus oobso’rvo’d. This is coonu-

lomutmublo’ too (hit’ 50% ituhuibifiouio ro’pourfo’cI by
‘Froull e/ al. (25). whito uso’o! mu jorc’j)miratiooti of

N-hiytltouxy-2-FAA which humuol miout been jouri-

fio’d.

Figuro’ 2 shuouws flit’time ooourso’ of (he in-

muetivmufioumu tub l)NA fo’mplmufo’ activity by

N-muco’tooxy-2-FAA. DNA incunbato’d with N-

muoo’fooxy-2-lAA boor 30 st’o mit 23#{176}c’xhibito’d a

signiificmumifby ro’tluico’d cmujomicity too suppourt

IINA symofhuesis, tumid 50% imihiibifioiu wmus

muohio’vo’c! wit huimi 3 mitt. ‘Flit’ itumuof ivmuf ion lroo-

oo’o’d!o’dl at a diminishing rmuto’ thirtuughcounf flue

itocubmufioun.

‘Flit’ rmut livo’r 1INA poulymo’rmuses mire imomuc-

tivmtfed foollowimig a simogho’imijt’ofioumitubN-huy-

drox�’-2-1’AA (26). Beomuuse ouf this imumuefivmu-
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Time (mm.)

Fit;. 2. Time (oolrse (uf i,oactivalion (uf D,VA

leno p/ale activil y by V-aceloxy-2-FAA

1)NA was incubated mit 23#{176}with 1 muuut

acetoxy-2-FAA for the indicated timuue periods.

The cotuiposition of the reactioun nuixtures was as

described under m:xpi;RmMi:NTAL� PROCEDURE. HNA
polyrnerase assays comitained 10 jig of emuzymule and
4 lAg tuf DNA mu a vobuumuue oof 75 �u1.

tiomu in rico, it wmus rebevmunt too ask whether

(he t)bsO’rVO’d imuhibitiouni of RNA synthesis in

tho’ present eXperimeni(S in vitro might be

dune to inacfivafiooii tub the emuzyme by (rmuces

(of N-acetoxy-2-F’AA which were carried

along with the DNA (hrounghi (he washing

proucedure. To test this possibility, an RNA

polymermuse remuctioun mixture wtus set up
which countained sufficient coomitrol hivo’r DNA

to saturate the eiuzvme. The mixfuro’ was

incubated for 10 miii mit 37#{176}.Umudt’r these

conditions all the emizvmc’ pro’sc’nf is bounnd

virtumully irrc’vc’rsibl�’ to (hue I)NA (27). Af(o’r

10 miii of incubmutioun (ho’ rc’ao’(ion mixturo’

was divided intoo fhireo’ aliqunofs. To taut’ ouf

thd’se wmis added buffer, to) (hit’ so’counud muddi-

tional control DNA, tumid too flit’ third 1)NA

treated with N-acefox’s’-2-FAA. If fhie inuhi-

bit ion of RNA svnfhuo’sis ivero’ duo’ to o’nzvme

inactivation, one would o’xpo’cf (he additioun

of treated DNA (to do’press the rate ouf RNA

synthesis from coomufroo! I)XA. The results

shown in Fig. 3 inidicmuto’ (limit thus was iuout

the case; addition tub fr(’mufo’d DNA humid iiou

effect 0)11 the rate of frmunscripfhun tub comitrol

DNA. Thuo’refouro’ flit’ inuhuibit ion of RXA �

,:�

E

N

C

Time t mm.)

Fmo;. 3. Effecl tuf .\‘-aceloxy-2-FAA-lrealed J)’uT,4
010 lraioscriplioio of co,olrol D�\’A

I)NA was incubated with 1 mui�un X-aceloxy-2-

FAA for 60 mimi at 23#{176}as described under EXPERt-

MENTAL PROCtDURi. The reactiomi muuixtuure for

1�NA svnuthesis (500 ,.�l, final voobune) coontmuimied

100 jig of conutroul liver 1)NA amud 20 �.zg oof IINA

�)obyIuuerase. After inctubatiomi for 10 miulnu nut 37#{176},
three 100-�ol aliquots, conitaimuimug 20 � of I)NA,
were renuoved. These abiquots were miuixed witlu

20 � ouf buffer (#{149}---#{149}), 20 .il uf buffer c’omi-

taimuimug 20 jog of n(urmuual liver I)NA (C-------O),
or 20 j.d ouf buffer coonitmuitiimug 20 �.ig of ,V-acetouxv-

2-FAA-treated I)NA (E-E). The bumfier wmus 15

mui�n NaCI plus 1.5 muuumsoodiumuu citrate (pH 7.0).
After nuuixing, the ;mucubatioomi wmus c’iomutimuuedat

37#{176}.Samples (50 �.iI) were takemu mit 5-muiimu inter-

vals four the determuuimuatioomi oof acid-imisool ubbe rmutho-

activity.

(hut’sis by N-mucefooxy-2-FAA probmibly ro’flt’cfs

imumuefivation tub (hit’temp!mufe rmufhuc’r (hmumi tub

(he o’mizvmo’.

Bc’sidc’s being much lo’ss mubbo’ too sup-

pourt RNA symifhuesis, (hue N-aco’fooxy-2-FAA-
treat ed 1)NA differo’d broom flit’ o’ounfrtul

DNA in sc’vermul o)f its lorcoPc’rfio’S. Figure 4

shows flit’ inuifial rmifc’s ouf RNA svmufhesis

primo’d by tout roul mind frt’afc’d 1)NA mis mu
funuctioun tub flue mimoouint ouf DNA muc!ded to

(lie inucubmut icon mixturo’. A counsfmint mumouunmif

(10 jig) tub RNA poulymo’rase was used in

thuc’se incubmuf ions. If is muppmurenf that (lie

trc’ated DNA saturated (ho’ o’mizvme mit mu

muo’h bower coutucc’rit rmu( itumu t 1mm the c’oonfrool
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Fmo;. 4. 1/ales tuf JL\�4 syiolhe.s’is as a foiooclioio oof

I).VA co,oociolralioio

l)NA was treated with 1 mM .V-acetoox\’-2-FAA

for 60 amino at 23#{176}.IINA polynuerase assay muuixt mires

(75 MI) coumutmiined 10 �ig ouf enzvmne anud the indicmutecl
anuoumut oil l)NA. A. Conitrol 1)NA. B. .V-Acetoxv-

2-FAA-tremiied 1)NA.

DNA. Ajoprooximato’by 0.2 pg tub treated I)NA

hmubf-smufura(c’cl 10 jig oof RNA ptobymo’rmuse,

while 2 jig of counufrool T)NA ivo’ro’ ro’ciuired for

hualb-smufurmu(ioumu tub flit’ smume mimuumit oof

o’nuz�’mo’.

‘Fho’ fimt’ courses ouf RNA svmmfhuo’sis di-

ret’fc’d by comufrob DNA anud by DNA treated

with N-acefoxy-2-1’AA mire givemu mi Fig. 5.

In those c’xperimemuts sufficient DNA was

addo’d too saturate the timouunut of o’nzvmo’

present. Under these c’ondifiounus the iniitia-

(ion tub IINA chains is mio’gbigiblo’ affo’r the

first few miniufes cof the retuctiomi (28). When

comifrool I)NA was used mus flue fempbafe (Fig.

5A), flit’ imucorporaf ion tub AMP prt)cO’eded

linemurly four mupproximate!y 20 mini amid coon-

tinued mit a gradually diminishing rate

throughout (hue period of imicubation (1 hr)

1mm comufrast, when treat c’d I)NA was used as

the template (Fig. SB), (hue incorporation

was virtually completo’ by (he time f he first

muhiquot was removed aft o’r 5 mimi tub inucuba-

(iou. Thus (ho’ AMP incorpoormution at 5 mimi

was 82% cub the inucorporaticomi at 60 mini.

Sint’o’ fo’rmimuafioonu mind ro’initiatioon tub RNA

c’haimus do not ouccur uimido’m’ fheso’ oomiditiomus

(2$), (hit’ o’arly cessmufionu ouf IINA symufhuesis

suggc’sfs (hat the trc’a(memuf tub DNA with

Fi;. 5. Tinoo, ooo4r� of If_VA s�jool/oesi.s 0 00 hoe

pre.�eiooe (Of cou,olroot oor .\‘-weboxy-2-FA A -Ireulet!

f).VA

I)NA � imuo’imbmited with 1 iumi .\-ao’etoxy-2-

FAA for 60 mnimu mit 23#{176}.HNA polymnermise assmuy

n-uixt tires c’omutaimoed 2 jig oof emizyme mumid 10 �ig of

[)NA in a volummuie oof 50 ui. The tithes were imicu-

luatecl at 37#{176}four tho’ imudicated timues. A. Coumutroul
I)NA. B. .V-Acetouxv-2-FAA-treated I )NA.

AT-muco’tooxv-2-l’AA inihibits IINA o’hmuimi o’lomu-

ga(ioomo.

If is j)oossiblt’, tub o’dourse, (limit Ar_mico,fouX\._2_

1”AA might inhibit flit’ imuifimufioumu tof RNA

chumuimis as well mus thio’ir o’loungmu(ion. As a
nuo’musuro’ tub clumuimi imui(iafioun, (hut’ capacity tub

coumifrol timid (rented DNA (to suippourt the

imutourpouraf it umi t)f labelo’d iiiturgmuiiit pyropiious-

pha(c’ imutu miuiclo’oside triphosphiti(o’s uvmus
tes(o’d. F�Trakouw mimic! Fronk (29) humuvo’ shoowmi

(limit PYroi)hiousl)himufe o’xcluange uccurs at (he

dimiuc!eootidc’ lo’vc’l by (he sumcco’ssivc’ fourmmi-

f on and i)YrooPhioosPhiouroobysis tub flit’ first

phutosphuodic’ster bomud in flit’ RNA chmainu.

Figure 6 shiows the rate tub I)yrooPhlosPlumite

t’xchamige catalyzo’d by RNA j)olymermise imu

(hue presenuco’ oob miourmtul mind tro’afo’ol DNA.

If is appmiro’nuf (lint N-muco’fouxy-2-FAA hitud

no signifiemumut o’ffo’cf tutu (ho’ cmupaoi(y tubT)NA

(to sunppourf this o’xohmuiugo’ ro’muc(ioun. Tho’

fro’mifo’d DNA uuso’d! hi (his t’xpo’rimt’tif humid

lo’ss fhumimu5% tub (he tc’mpltite cmipmicity of

miourmab 1)NA, mis nio’musured by flit’inuo’oorpoormu-

(hun of Ai\IP imufou RNA. Ho’muco’ it mippt’mirs
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ui I/ic preseooee oof (#{149}(110lrot oor broubett J)_V,4

I)NA wmus treateol with 1 mum .V-acetoxv-2-FAA

for 60 muuimi mit 23#{176}.Four the miuemustmremuuetut of P�r(o-

phosphate excluanuge, the remictiouni muuixt uures (50 u.�l)

countaimued 50 muuui Tris-(1 (pH 7.9), 5 muu�m \IgC’12

0.1 huM dithiouthreitob, 0.4 mum emicli ATP, (ITP,

CTP, and EJTP, 1 muuut app , 4 �g ouf l)NA, and

10 .og t)f RNA polymouerase. Thuo’ imucubatiomu temper-

attire was :37#{176}.At the imodicateol time imutervals the
remuctio)mi was stool)1)ed lu” tlue additiomu ouf 101) .�I oof

0.1 M El)TA, followed by 1 muil oof 10 numn Nmi4P2()7

(adjusted too 1)1! 6.0 with I’�iI12P( )4) comitaimuimig 5#{176}

(w/v) t’humircomul. The chuarc’oual wmus cobbecto’d 0)0 a

glass fiber filler and Waslu(’(I with 10 muu�m Na4P2( )�

(pH (1.0). The filters were dried ummuder amu imufrared

laiuup and c(uuunted witlu the use of mu tobuuemue-baseoi

scintillmitor soobuitioun. I, coomitrool I )NA ; 0 . treated

DNA.

(limit N-micetoxy-2-FAA inhibits IINA symi-

(ho’sis puiniarily by jit o’venifitig (‘himumu o’loomugmi-

fionu, tumid (limit d’himiini iuuifimufiooti is ulmiafk’cto’d!.

‘Flit’ mmujour prooduict tub flue remucfiouti of

N-aoo’fouxv-2-FAA with flit’ coumisfifuo’mu(s oob

DNA is S-(N-2-fltno oro’miylmioo’fmutuiidoo)gunmimuitue

(11). If wmus (lierebooro’tubimifo’ro’sfto c!o’to’rmimuo’

whic’fhuo’r ro’gitunis of the tro’muto’d! DNA which

dk! miout coonfmuitu gunmumiituo’ coould S��Vo’ mis

fo’mplmufc’s boon (ho’ po olynuo’tizmutiomu tub ribou-

nuclet ofidt’s. ‘Fhio’DNA -d!c’po’ndo’mufsymifhesis

O)f p0)lymideIi�’lid acid, which is thioouighit too

occur by (hue reito’rmitivo’ traniso’ripfioun tub

(hi’niituo’ clusters in DNA (30), muffoords a

sysfo’m in which flit’ fo’nujolmufc’ cmipmuc’ifio’s tof

eerfmuitu muomi-gumimiinuo’-oo omit muituimug DNA ro’gio otis

cmiii bo’ niemusuro’c!. I”iguro’ 7 gives flit’ nmufes oof

Fit;. 7. 0Syiolhesis O)f POt!/(1(/0I0Yti( (�(�j(/ ()q //\��4

p(oly0100ra.se in I/ic pre�eioee of etotolrot (or .\-(ie(’h(OJ!/-

2-FA.4-breabed 1).\�,4

I )NA wmus imucubmuted wit Ii 1 mini .V-aoetooxv-2-

FA.& for toO tuuiiu mit 23#{176}.The svmutluesis oil ��oly-

midemuvbic mucici �s’as mussmived itt react ioomu muuixt uuro’s

(SI) �1 , fimumul vooluumuue ) coumut muimuimig t hue st mumidmird comuu-

Poomiontts (Of the 11N.#{176}u�oou1ymuuerase missmov, except that
CTP, CTP, mund UTP were oomiuittcci. There were
2 �og oof emizymuue multi 10 jog of I )NA I)ro’so’mut . amid I he
in(’Ouhati(Omu temuupermulumre � 37#{176}.

j)Oilymuo!O’tiylid muck! symi(huo’sis by IRNA �tuhynu-

o’rmuso’ imi fhio’ pro’so’mico’ oob cototroub mimic! treated

DNA. ‘Flit’ tremuto’d I)NA suipp(urf(’d a soomo’-

u�himut gremufo’r raft’ tub A)l P jotolynuo’rizafitutu

flumutu flit’ ottotroub DNA, imi shmurp coutu(ras( too

(lit’ t!eeretused! mubilify to! (hut’ tro’mufo’c! i)NA too

sujoj)oorf 1RN�� svmifhuo’sis iti flue joro’so’moco’tub

mill ft our mmuuobeo osido’ t tiiohio usplomuto’s.

The In umo 01)0 oI\’ni(’riZtif it on oof �\. \ I I � is

thuoouighif (to ro’quiro’ siiiglo’-strmutudo’c! l)NA mis

mu ft’ntplmift’ (30). ‘flit’ imuo’ro’muso’cl rmutc’ tub I)t0l�’

aolo’nu\’lic mucic! ft ormmutioumu imi flue preso’ncc’ o if

fro’muft’dl 1)NA rmuiso’d (hut’ o�uo’sfioomi whuo’fhuo’r a

numujooi. effect tub N-muoefouxy-2-1”AA (remit mc’muf

couuld! bo’ (to dietimifuirt’ flit’ 1)XA. ‘Frooll v/ al
(25) humivo’ rt’pour(t’d (himu( N-muco’fooxv-2-F.AA

do’oro’muses flit’ tt’mpo’rmufurt’ oof himulf-nuc’lting oof

DNA. ‘Flit’ (ho’rma! mo’lfimug joroufiles tub tutor-

mnal rat liver 1)NA timid tub 1)NA (ro’muto’d with

� c!iffd’renf tO)tid’(’titrmititOtis tub N-mucc’fooxv-2-

l’A.\. are shuouwn in Fig. S. ‘Fremitnut’nut ob

DN:\. wi(hi 10 mum N-muoo’(oux�’-2-FAA bow-

o’red (ho’ T.11 by 74#{176}muuud ro’d!uo’o’d flit’ ro’lmufive

hiypo’rehrtumicity ton meltimug by 10%. mu

c’oumi(rtust, fro’atrnemif with I nuum N-aee(ouxy-2-

I”:\;� humid! 01(0c!isco’rmuibbe o’ffo’cf tori flit’ mc’l(ing

N-AdETOXY-2-FAA ANt) tuNA TEiII�LATE PROPERTIES (163
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Fit;. 8. Effeol t)f

iooelhiiog profile of 1).VA

I)NA wmus incubmuted wi I hi .V-acetcoxv-2-FAA four

60 mnin mit 23#{176}.The coumucemut ratiomu of the t’arcinougenu

was 1 tiiM (�----L�) our 10 miuM (C-----O). i\uieltimog

profiles were muueasured imi 15 muuut NaCb pbtus 1.5 muuim

sodiummou citrate (pH 7.0) after the I)NA smumumples
had heenu dimilvzed agaimust this buffer foor 48 hr.

.�- ---., comutroub 1)NA.

profilo’. Bou(hu thuoi’so’ fro’mited DNA Pr�’Pmurm�-

fioomis humid less fhmun 10% tub (ho’ (c’mpbate

activity of conifroul 1)NA, as shouwn in F’ig. 1.

It fhio’ro’foure muppo’murs that (ho’ ituhibitioumu (of

fo’mphafo’ activity boor RNA symifho’sis can

fmuko’ place iii (ho’ mubso’nce tub detecfmublc’ do’-

sttibilizafion of flue double-huelicmul sf rucfure

of miafive DNA.

mu vio’w of (huc’ do’nmifurat ioumu-ii ko’ olimunuges

in flue templa(c’ properties of 1)NA (rc’mufc’d

wit hi N-acefoxy-2-FAA, if was tub infero’st to

examine the o’ffect tub deiuafurafiooii ton the

fempbate cmipmucify cub (he treated J)NA. Dc-

timituratioon �\.as muccoomplishd’d by (remitment

with alktuli at 23#{176}or by hemufinug at 95#{176}boo!-

lowed by rapid coooling. In agrec’mo’nf with

pro’viouus repoorts (31, 32), (hue demimifuuratioomi
tub cooiufroul DNA do’crc’aso’d ifs o’fficacv as a

template four RNA s�’n(luesis (‘Fablo’ 1). In

counfrast, deiuaturmifiouu tub treated DNA by

alkali or by huc’muf incro’ased ifs fc’mplate

capmicity signifiorunutly. Native N -acc’foxy-2-

l”AA-tro’ated I)NA had oumulv 12% tub the

fo’mphmufe capacity cf miafive coonfroul T)NA.,

whuibo’ mulkmuli-denafuirc’d freato’d DNA humid

68% tub f hue tc’mphafe capacity of mulkali-

dc’ntitured control 1)NA amid heat-demiafured

(remit ed DNA had 57% of (ho’ fempbafe

capaci f y cob heat -denatured control DNA.

T�iom�i: 1

EJJ’eel of tlo,oaloiroihio,o o,o bo’noptabe toLpacih!j (if

,oornoat (1 lo(t V-aeeboo.r!I-2-F,4 A -treahed J).VA

I)NA �vmis treated with 1 nuui .V-acetooxy-2-FAA

for too muuimi at 23#{176}.I)NA was denatured hi’ treat-

nuent with 0.2 N NaOH four 10 mimi at 23#{176}our by

heating foor it) nun mut 95#{176}foolhowed by rapid o’uuoubinug.

RNA I)oulyliuermiSe reartioomu nuixtuures t’oomitmmimied 10

jig tof cnzynue arid it) jog ouf I )NA in a fimimil voobutnue

oof 75 j.ol. Sinuuilar resiults were oobtmuimued with three

differemut 1)rel)muratiomus (uf t rented l)NA.

Condition of DNA .-�MP incorporation

(‘ontrol X-Acetoxv-

2-F.�A

pnioles

‘lImo’ omurcimuogenicity 0 of aryhhydlro oxtunuit

acids clo’po’mids upoumu so’vo’rmul sfrumctuirmub fo’mu-

tures tub flit’nuo)hecuilo’.Aniounig (hueso’ muro’(hut’

siZt’ tub (hut’ muryl mooio’(y tumid the po)sifioouu tub

flit’ nifroogo’mu ivith ro’spo’c’f to) (ho’ turoomtific

system (33). ‘Flue muvmuibabihity tub mu geuio’ral

prouco’duro’ for (hut’ svmu(hio’sis of hiindo’ro’d aryl-
h�’drouxmumic mudids mumud (heir mic’efmufo’ o’sfers

(34) mmudo’ if pOOsSiLbO’ too to’s( (hut’ O’ftO’(’(s tof

fhio’so’ sfruncfurmul fo’muturo’s toni (hut’ mubibifv tub

c’sto’rs (to imimucfivato’ (hut’ (o’mphmute muofivify tub

I)NA in ri/ia. ‘Fmublo’ 2 shutows (hut’ o’ffo’cfs tub

(ho’ muoo’t mitt’ esto’rs oof fluto orc’nvhacef ooluvdrox -

amio mucids subsfi(uu(ed! mit vturio ouns po usifioumus

mu flit’ flumoretut’ sysfo’nu outi (hut’ (o’mplafo’

cmipmucity tub DNA.. Umul�’ N-midc’(oOXy-2-fluo)-

remuylaco’(amido’ iiihuibifo’d HNA syuufhoo’sis sig-

nificamifly. Prolounged incubatiounu uvithi coomu-

cd’nifratio)mis as highu mis 10 mit N-muco’touxy-l -,

3-, our 4-fluoremu hact’(mumidt’ had nuou o’ffo’cf on

1)NA template activity.

A similar sifuafioumu wmus obso’rvo’cl with flit’

acc’f tuft’ esters tub (hut’ various hi phio’ruylylmucc’-

tohvdrouxmumic ao’ids shown in ‘Fablo’ 3. Imi

this emiso’ the only coumpouund whuith prouducec!

signuificant imuhibifiomi tub HNA symi(hit’sis was

N-aoo’foox�’-4-biphc’muvlvlmioefmumido’. Tho’ imuhi-

bitioumi oubserved, hoowo’ver, was sigmuifiemumutly

lc’ss thamu that prouduco’cI uutidc’r (hue smunme coumi-

difioomus by N-acc’fouxv-2-FAA. Wit huin the

limits tub sensitivity oof fhic’ mussmiy sysft’m,

T)NA trt’mited with N-mico’foxy-2-biphuo’muylyl-
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N-Acetoxv-2-FAA5 �

178 ± 31 93

2421 ± 79 0

2291 ± 113

-FAA, -fluoremuviacetamnide.

N-Ad’ETOXY-2-FAA ANI) I)NA TEMPLATE PROPERTIES 66.5

TAI0LF: 2

Effecl.s of wetale eslers of fioooreioylaeelohijdroxanoic acid.� mo leioop/ale aolivily t)f JLVA

DNA was incubated with each ester as described under ExPERIM0:NTAL PRoom;DURm: four the imucumbatiomi

of I)NA with ,\‘-acetoxv-2-flumcurenylacetamide. The conucemitratiomu of the ester was 1 tul\t, amid the incubmu-

tioni tinue was 60 ntin at 23#{176}.HNA polymerase assay nuixtuures coontained 10 jig cof enuzymiue anid 4 jig of I)NA

in a volunue of 75/.41. Each value represents the muieani ± standard deviation for three 1)NA preparatioomis.

Treatment of DNA

Control

(3

N - C- CH

3-C-CH
0 3

- 0

N-Acetoxy-l-lAA�’

N_Acetoxv_3_FAJ.a 3
0-C-CH

ii

N - C- CH
0 3
0-C-CH

0�
0)

R.NA Synthesis

AMP intorporation Inhibition

2388 ± 109 -

2507 ± 97

N-Ace toxy�4�FAA5

acefamide our N-tuce(ooxy-3-biphiemiylylacc’fa-

mide was indisfimigunishuable broom umufreafc’d

DNA. N-Acetuxypho’nylacefmimide, in which

the muromatic system is a phc’nyl group, was

also without defectmible effect omi DNA

template capacity.

DISCUSSION

N-Act’tooxy-2-FAA is capmmblo’ c)f milmost

completely eliminating the template mucfivify

cub DNA, as no)fed earlier by Troll et al (13).

mi (he l)reseli( system 50% inhibition was

muohieved mit a c’oomio’o’nfrmu(ioonof 0.1 mm

N-acefoxy-2-FAA (Fig. 1). Smite flue coon-

�enf ration cub DNA in these remuc(ioons was

100 jig/mi, this coorresponds to mu rmifiou tub

apprtximmiteiy 0.3 mob’ of N-mucefooxy-2-FAA

Pc’I’ mole tub DNA uuuclo’o(ido’ imi (he inc’ubtu-
(ion mixturo’.

Nou dirt’ct mo’asuiro’menufs wo’rt’ mmude tub (lit’

fraction of DNA guanine ro’sidues modifio’cI

by N-acetcoxy-2-FAA mu flue Prt’st’iit o’xpc’ri-

ments. A maximuim valuc’ boor (hut’ (‘xfo’uit cob

sinbstifuficun cami be obfmiimuo’dI by coompmiring
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TAIOLF: 3

LfJtebs (of a(t�b(1l( e.(ler.o of biphe oot,ljjlaetboulo //(110.12(1 110 jo (10? (l.’0 (100(1 o)f .V-h y(lrt)X!jp/oelo !//(10�1(1111 it/c

010 boo plate (1(tit’il/J (Of J)XA

The imucumbmutioumuoof l)NA with the vmmriouus esters mind the IINA poubymerase assays were tarried out as
described in thie legemud to) Table 2.

Treatment of DNA

Control

R1:A synthesis

AMP ir.ccrporation Inhibition

231± 109

0

0-C-CH

N�Ace toxy-2-BAAm

0

N - C - CH3

N�Acetoxy�3-BAA�#{176}

- I�-C-CH3

0-C-CH
00 3
0

(he (huermmu! nueb(ing proufibo’s tub Fig. S with

(host’ ob(mumio’d by Fuchs tumid l)muumuo’ (3.5)

timid by Kapumber munud Michc’bsouui (36). ‘Fhuo’st’

authors bouumud (hiaf mtudificmitioon tub mupprooxi-

mafc’iy 8% tub (hut’ (total guimumuino’ ro’siduc’s tub

,lJjClOC0(’(US lij.s’olei/d u’us DNA it uwo’ro’cl flue

TM cob (hit’ I)NA by 2#{176},a diffo’ro’uuco’ which

uvoulc! himuvo’ been dc’fc’cto’d by flit’ f o’ehinh hut’s

used imu (lit’ presc’nit work. ‘Fro’mitmemu( tub rat

liver I)NA with I mit N-muco’(uxv-2-FAA (lid!

not defc’c(mubly muhfc’r flit’ TM cub flit’ 1)NA, bunt

ro’duced ifs fo’mplmufo’ cmupmucify by mouro’ (hamu

90#{231}�. If nituy tluc’ro’foro’ ho’ c000ucluolo’dl (limit

(hue modific’mu(itumi tub bo’ss (hmuiu S% tub flit’

guimumuino’ ro’sidito’s in 1)NA by N-muc’o’fooxy-2-

1”,\:� ro’sulfs imi mulnuoust coumpbo’fo’ inhibitioouu

of RNA svmi(huo’sis.

At a ooomuco’mi(rmu(ioonutub I mum, N-muce(ouxy-2-

FAA inmuc(ivafo’d DNA rmupidl’s’, with 3 mimi

tubimicubmufioumibo’imig ro’ojuiro’cito muohievc’ 50%

imihuibifioumu. Iti (lie lmuto’r lomirt ob the imucuibmufiomu

(hut’ rmifo’of imimicfivmufioumuwas drmustic’mulhy ro’-

olutoo’d, which appt’tirs imicoumisisfc’mu( wit hi (hit’

1201300Ff by Mmuho’r el al (12) (limit (lit’ himulb-lifo’

ub N-muco(oux -2-FAA imo 32% o’thancuh mit pH

7.5 mimic! roooom (o’nupo’rmufure was mup�oroxi-

muumuto’h’ 2 hr. Tho’so’ mint hours suiggo’sfc’cl, how-
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evc’r, fhumit (hut’ himibb-lifo’ tub (lie c’sfo’r might be
�hoir(c’r imi (hut’ pro’senico’ tub DNA.

DNA tro’mito’d with N-muoo’tooxy-2-Fr\A smut-

utrated mugivo’ti quam:iti(y tub RNA PooiYmc’rmuso’

mit ml lO-boulci boowc’r coomic’o’uutrmu(iooii (hmtn coumif roil

DNA. ‘Flit’ vtulutes for hmulb-smiturmufion c’mulcui-

lafc’d bronm l’ig. 4 shucuild muouf bt’ regarded mis

#{176}ulichaelis (‘Ouuis(tulifs, sinido’ (hut’ asso ociafio on oof

HNA P00h�flit’rmi5t’ with I)NA is knoowmi too be

irrevc’rsibbo’ in (hue pro’so’muco’ tub IRNA synithuo’-

siS (27). Imi ko’o’ping with thus rc’asoning, flit’

1)NA co otico’mif rmifiomi ro’c�uiro’cl four hialb-numixi-

nial ro’ac(ioutu vo’looeifv depo’nc!s oumi (hut’ olumumi-

tify tub o’tizynuo’ prc’sc’n( (37). Henico’ (hit’

saturmufioumu ourvo’s in F’ig. 4 ctumi best be itifc’r-

prc’fo’d mis ro’flo’cfing (hut’ niumbt’r of �)ohynuor-
must’ bimuditig sift’s toni flit’ I)NA (37, 35). A

given wo’igh( cob (remmfc’d I)NA is thuo’ro’bouro’

capable tub bimiding moire IINA poolynuo’rmuso’

thatu flit’ smumo’ �vc’ight tub coutifrool DNA. I)c’-

mmaturc’d I )NA mulsou Po550’sst’s nit ore p� uhymo’r-

misc bimidimug sift’s pt’r intuit weight thmin nututivo’

1)NA, amudi so) clot’s 1)NA dmimagc’d by ‘y-irrmu-

dimufioun (39, 40), inltrmivioubc’t irrmtdimi(ioun (41 ),

deoxyriboumuucbo’miso’ (40), mutud hivc!roux�lmunuituo

(42).

‘Flit’ incro’tusc’d efficmuo’�’ oob flit’ tro’atc’d I)NA

imi suippourfitug j)oi�mid!c’mu�’hic mucid symofhuo’sis

suggesfc’c! (limit the (rc’ttfnuo’tu( Prouduicedl ro’-

gio)ns tub (lo’moa(unratiooti tub (hue I)NA. If is

mupptiro’tut (F’ig. S mimic! ro’b. 25) (limit high coomu-

cenfrmufioutus oof ,V-act’touxy-2-l’AA prtucluuc(’cI mi

grooss c!c’sfmubihiza(ioun tub i)NA fouwmird! fhio’r-

mmd dc’timifurmu(iouuu. ‘Flit’ fro’mufo’d i)NA uso’d in

moust oob (ho’ presc’muf studio’s, hioowo’ver, humid mi

fht’rmal nuc’lfimig prufibc’ whicli was imidistin-

guishumibho’ broom (limit tub umufro’mufed I)XA (Fig.

8). Sinco’ thus frc’mu(o’c! 1)NA humid! hess (himuni

10% tub (hue (emplato’ cmipmi(ify oob noornumil

I)NA, it mtiy ho’ oonuoludo’d (ha( flit’ tIe-

cro’muso’ imi T�, upt�tu (ro’tu(nuo’nt with N-muoo’-

tox�’-2-i’AA is muoof diro’ctly ro’lato’d too flit’

docro’muse imutc’mpla(o’ emipticify. Somo’ houcmuhizo’c!

denat uraf ion is prt’suinimibhy prooduiced by 1

mum N-muco’foxy-2-FAA, iou view tub flit’ imu-

cro’ase in templafo’ activity for hioomoopolymo’r

syni(luo’sis. ‘Flit’ demimi(uro’c! ro’gioons must ho’

ro’lmitivo’byshort, howo’vo’r, simuco’flit’melt imig

proofile is uinaffecft’d.

The iuucro’tuseimi (hit’ tt’flul)lmu(eomupmucif� O)b

A-mico’(oux�’-2-FA.A-fro’muto’c1 l)NA upooti do-

tutiturmutiouti by alkali oor by hio’mif \1#{231}m�5 somt’-

uvhumi( surprisitig. If is (totott’iVmLbbO’ (limit sonuio’

fluoorenu�’l mudduic(s ivo’ro’ t’lo’tuvecl brounu flit’

DNA by 0.2 N NmuOH. Imido’o’cl, Krio’k (7) tumid

Irvimug et al (5) hiavo’ bouumicl (limit flit’ l)NA

muclduncts bournuo’d mubfo’r mudmituisfrtutioun tub mV-

hiydrooxy-2-1’��A in Pil’() muro’ mihkmili-lmubibo’. ‘Flit’

mudduicts in l’i/’o), hut ouvo’vo’r, mi12(’ tlo’aco’f yhafo ‘d

(7, 5, 43), �vhuibo’ flit’ mudc!uots bournuo’ci in rjtio

broonu �V-tuco’fooxy-2-l”AA rotmuimi (hut’ muoo’fyl

grouup (1 1 ). Flit’ itucro’muso’cI fotiupbmifo’ cmupacity

foullou�ving hio’mit clo’timu(urmitiouti is loss liko’ly to)

ro’sulf broom obo’muvmigo’ tub tud(Iucfs, situoo’ (hue

h)roducf tub (hit’ ro’ao(ioun tub N-muco’foxv-2-l�kA
�vi(hi DNA is utimuffo’e(o’d by prooboomigc’d imucu-

bmu(ioumu mit mieuitrmuh l)H (2.5).

‘Flit’ 1)mirmudo oxictil o’ffo ‘cts oof dc’tumu(urmif it umuoumu

(hut’ ft’mplmufo’ omupmioi(\’ tub fro’mufo’d 1)NA mighi(

ho’ duc’ in l)tirt to) infc’rstrmutit! cross-links proo-

duoo’d by (hit’ cmircinuougo’mi. Such orooss-limuks

humuvo’ beenu shuoowtu too ooc’cur (35), tumid if fhit’�’

wo’ro’ l)rt’st’Iif iou sufficio ‘mit lv snumul 1 nuunibor,

fhio’y might bout muffc’cf flit’ fhio’rnumib nuo’l(imug

1)120 ufilo’. ‘Fhuo’so’ crooss-himuks � ouubd Prt’Vt’tif
s(rtutid so’pmirmitiouui uipoumo olo’momu(urafioun tub (hit’

frt’mufed I)NA, tumid huetico’ wooulc! fond too l)tt’-

vo’nf (ho’ do’o’ro’miso’ in fc’miolmufc’ tucfivifv so’o’n

�il)t)Ii c!t’timiturtufioun tub muturioumub I)NA.

C’onupmurisouti tub flit’ c’ffo’cts tub flit’ muco’tmuto’

o’s(ers o of vmurio otis tur�’lmico’(o ohuydrouxmimic muoids

rt’vealc’d (limit oomibv (hit’ pai’a-substi(u(o’cl coom-

P(0U1id5 (N-muc’o’fcuxv-2-l’AA mmmd N-muco’foux�’-
4-biphuo’tuvlvlmuco’(muniido’) P120 ocluuco’d tlo’(o’c(mibbo’

iruhuihitioutu tub I)NA fo’mplmi(o’ activity. Booth

thc’se (oompoounds turo’ higluly d�arci !ooogt’muic

( 44) . N-Hvdrooxv-3-fluiourc’nuvlmucefmumiclo’ is

mulsoo highly cturcino ugo’tuic (33) , but ifs muco’t at o’

esfc’r, N-mucc’toxy-3-fluiouro’nvhacefmumiclo’, himud

mmcio’ffc’cf tutu (empbafo’ mictivify. Thus imudictuft’s

c’ifher (limit N-aco’touxy-3-fluo orc’uuyhmuco’tmumide

did muouf ro’ac( wi(hu 1)NA oor (limit, if it (lid

rc’tucf, flue ro’suil(itug mudduiefs did tiout inhibit

RNA svmithuo’sis. Ito suppoor( tub (hit’ first tulfo’r-

limit ive is flit’ fmuiluro’ oub N-muc’o’touxy-3-fluooremi�’I-

acc’(mumido’ to remuct with met huitotuino’ mit

nc’uifral pH (21). If N-muce(ooxy-3-fluooro’nyi-

aco’(amido’ is un ro’mucf 1w’ umudc’r physio ut ugictul

coumudi(ioouos, (luo’n if is hiko’ly thumuf c’arcitoou-

genesis by N-hiyclro uxy -3 -fluo uro’muybaco’t munuido’

reoluires mo’tmiboubic muc’(ivmufiomu tub (hut’ hu�’olroo-

xaniic mucid by soonuo’ prtoco’ss otho’r fhumumu 0’s-

fc’rificmuficau.

‘Flit’ itihibitiouni of FINA symi(hio’sis by his’-
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drtoxmunuic much! o’sfo’rs wmus mulso depo’midc’n( tutu

the size mumiti rigidity cub (hue muryl niooic’fy. Thuuis

rt’pltiet’nit’uif ouf (hit’ j)lanimir fluoremuc’ groouip by

(hut’ moro’ flo’xibbo’ biphd’nyl group ro’duncc’d! thuc’

degrec’ tub imuhuibi(ioon, uvhiibo’ repbmucc’meuif by

thut j)h0’1i�’l groiuip ctOm�)bt’(t’by elinuinimmto’d (hut’

ituhuihitioti . ‘lChid’so’ ro’sul( s co urrelat t’d i�el1 with

(hit cmurcituougo’nic’i(it’s tub (lie coorro’s�)oomidimug

murylhi�’droxtumic mucids (33).

It u\.tus showmi �)rc’vio)u1sby (limit flit’ mic!nuinis-

trmufioomu 0)b musimigle dousc’ oub AV-hiydrooxy-2-1A��

too numile rmufs dmutiso’s mu Proboounnd inhuibitioonu tub

liver RNA s�’mifhuo’sis (26). This imihiibition in

i’ivt) is duo’ too do’creased! muetivifv oob flit’ liver

FINA �)oulynuo’rmiso’s rmm(huo’r (himuim too ciecremusc’d

fo’mphmute cmipti(i(y cob Iivc’r 1)NA. ‘Flue expo’ri-

nio’mi(s tic’5(ribO�cl iii (ho’ joro’sd’mut ro’pourt humuvo’

shuouwn (humuf �V-muco’(ox�’-2-1”AA cmumi also pro-

duct’ l)rofooutiol mihfc’rmi(iotos in (lit’ fc’mplmitc’

J)roojoer(ic’s tub 1)NA. Thus N-h\’drouxy-2-i”AA
mumid ifs o’s(o’rs muro’ ctuptublo’ tub inhibiting IINA

synthesis bu(li muf (he levo’l of (lit’ enzymo’s

mimic! mit flit’ ht’vo’l tub (hue 1)NA (c’mplmufc’. ‘Flit

Prouduictitoti tub hut’pafomtus by N-huydroxy-2-
F’AA ro’o�uiro’s prouhoomugc’d oor repemi(o’d admin-

isfrtu(ioon of (hut’ oooml)ouuntl. It rc’numuimus to) ho’

So’o’ni uvhuo’(huo’r O’i(hi(’r 0012 boufhu of fhuo’so’ mccli-

tunoisnus boor mulfo’rimug oo’llulmur FINA syti(hesis

muro’ oopo’rmu(ivo’ umider such coumidif itonus of

chiroomuio muclnuimiist rmufit omu.

ACKNOWLEI)GiIENTS

I mini grmutefuil too Amimu McH mule foor techmiio’mul mis-

sistmince mind too Viii Yoost foor t hue preparat ioumu of

severmul c’oomuupouimiois. This work wmus ckone in the

labourmut tory oil I leimuuut ( �ut numumimu

REFERENCES

1. 1). B. (laysoumi, ‘‘Chemuuicmul Cmirci miougemiesi s.’’

Little. Browmu, Bostoomi, 1962.

2. J. A. Miller, (010eer Re.s. 30, 559-576 (1970).

3. F. Mmurroquimi mumid I’. Fmirber, Caiorer lies. 25.

1262-1269 (1065).

4. M. B. Spoorn mumuclC. W. 1)ingmuumumi, .Vatoore 210,

53l�532 (1966).

5. 1). Szmufmurz muuid J. H. Weisbuirger. (‘aloeor lies.

29, 1799-1804 (1969).

7. E. Kriek, (‘he,,o .-Biol. I,oberaeliooo.s I , 3-17

(1969-1970).

8. C. (‘. Irving, II. A. Veazey, mind L. T. IPussell,
(‘!ooooo. -J3iol J,otcraebio,o.s 1, 19-26 (1969 1970).

9. T. Mmutsimshimuua mimud J. 11. Weisbourger, (‘heioo.-

Bioul. l,o.beraolio,o..s 1, 211-221 (1969-1970)

10. l�:. (�. \Iillei’, I�. Judd, amud J . A . �oIillo’r, Soieoooo

15:1, 1125-1127 (1966).

I 1 . i�:. Nm’iek, J. A. )oliiler, U. Julil, amid i. C’.

\liller, Biourhenoi.slr!/ 6 , 177-182 (1967).

12. V. :‘iI. Mmihuer, i. C’. Miller, J. A. Miller, mumid

\v. Szvbalski, .110)1. Ploarnoacol. 1, 411-426

(1968).

13. IV. Trooll, S. Bo’lmiuan, 1’. Berkoowitz, Z. F.

Chuniielewicz. J. I,. Amuub)rums, munud T. J.
Bartboos, HioIoioo, . B001p/o!/.s. A 01(1 157 . 16-24

(1968).

14. J. P. Smtvitskv mind F’. Stmtmud, Lbito/oi,,o, Biup/oy.s’.

Aeba lit, 419-422 (1966).

15. C. C. Irving mumud H. A. \‘emizey, Bio)(hilI(. Rio-

ph1j.s. .4 cIa 166, 246-248 (1968).

1(’o. B . H . Burgess, .1 . Ritul. (�1oe,,o . 211 , 6160-6167

(1969).

17. II . B . ( ;uutmiummmimi mumud B . U . 1’ricksomi , .1 . Riot.

C/oem . 211 , 1729-1740 (1969).

18. i:. C. \Iibler, J. A. \Iiller, mumid H. A. Flartmouamn,

(‘aoooor lies. 21 , 815-824 (1961).

19. IT. P. (uttmuumumimi, S. B. (‘,mulitski, mumud \V. A.

Fole�’, (‘alocer lto.s. 27, 1443-1455 (19(17).

20. �‘ . ‘i’oost mind II . II . ( uut moumumimo, .1 . (‘heioo . Stir. (�)

345-35c) (1969).

21 . F. J . Zieve amid II . B . 0 imt miuamimi, ( a ioeer lies.

31, 471-4711 (1971).

22. J. I). Soribner, .J. A. Miller, and i’. C. Miller,

(0100(1 lIes. 3() , 1570-1579 (1970).

23. L. Ilourmi(’r amid 11 . Ste�upmimi. A ooio . (‘hciio . (.Joi.sbo,s

Liehiq.s) 606, 24-47 (1957).

24. F. .J. Boollummiu, ii, ‘‘Proocedumres iii Noucleic Atid
lleso’murch’ ‘ (( ; . L. Cmumitoomui amid I ) . l� . I )muvies,

cobs.), P 296. Ilmirpt’r & bow, New lourk,

25. W. Tmooll , i:. II imide , mumiol P. 1 ):uv, l�ioc/oiooo

Rioph!J.5. Ala 174, 211-219 (1969).

26. F. J. Zieve, .1. Riol. (‘lieu,. 217, 5987-5995

(1972).

27 P. Bt’rg, II. 1). Koormuluerg, H. Fmumuo’her, amid M.

I )ieo’kmuumumi mi Riooloeoo . Rioph !/�� lit’s. (‘oouo -

010 01 10. 18, 932-042 (1965).

28. A. A. Trmuvers and 11. II. Burgess, .\abo,re 222,

537-540 (1969).

29. J. S. Krakow mumid E. F’roomuk .1. Riol. (‘loeno. 244,

5988-5993 (1969).

30. M. Chmumuuberlimu amid P. Berg, .1. .IJol. Riot, 8,

708-726 (1964).

31. M. Chamuuberlimu amud P. Berg, J#{176}rue. Vat. ,4eaol.

� I’. S. A. 18, 81-94 (1962).

32. IT. Mmiitra mimid J. Homrwitz, Proe, .\‘ab. �4cad.

Sri. I’. ,S. A. 54,815-�22 (1965).

33. H. IL (iutmmnumu, 1). S. Leaf, V. Yost, II. E.

llvdell, amid C. (‘. (‘buemi, Ca,oeer lies. 30,

1485-1498 (1970).

34. V. Voust and 11. H . t out muimomimi,.1. (‘loon,. �Soc. (r)

2497 2499 (197W.



N-Ad2ETOXi-2-FAA AN!) I)NA TEMPLATE I’ROPERTI ES (�o(�)

35. H. Fuchs mutud M. I)aumuc’, Rioelocouoislrij ii,

2659-2666 (1072).

36. A. M. Kapubcor amid A. M. Micluelsomi, Riocloino.

Biophij.s. Ada 232, 436-450 (1071).

37. K. Marusluige and ,J. Boumuner, .1. .iIol. Riol. 15,

160-174 (1966).

38. T. V. Shih amid .J. Bonner, .1. Mol. Riol. 30,

333-344 (1970).

39. U. Hagen, M. Ullrich, E. E. Petersemi, E.

Werner, mumud11. Kr#{246}ger, Riochino. l3iophys.

ArIa 199, 115-125 (1970).

40. J. P. (oddmird, J. .J. Weiss, tumid (‘. M. Whee-

ler, Riorlo 0110. Rioplo !J�. A eta 199, 126 138

(1970).

41 . 11 . Chuessi mi amid \V. C. Sumuimiuc’rs, fine/oem

Rioplo qs. lies. (‘noon, un. 38, 40-45 (1070).

42. A. T. Taylor, S. B. Crist, amid 0. W. Jomies,

(‘aioecr lies. 30, 95-99 (1970).

43. E. Kriek, Rooeloino. Rioploo,o.s. ArIa 161 , 273-275

(1968).

44. J. A. Miller mumicl E. C. Miller, Proqr. E.rp.

Toinwr lies. 11, 273-301 (1969).




