
MOLEC(’ t,\1t 0’HARMA(’O)t�OGY, 8, 531-537

Copyright � 0972 by Academic Press, Inc.
Att rights of reproduction in any form reserved.
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sui\n OnA RY

Labo’led freo’ bmises coould ho’ detected cionotmoootcogrmophio’ally moften t’o’oo’(ioon to!’ oleoxvnibo-

nucleic acid w’ith Imigim conmceiotratioims of (ho’ anmtibiotio’ bleomycinm. Tloymimoo’, mudeomitme,

guarnome, anod cytosinmo’ went’ ro’lo’moso’d froom I)NAs pneviooush�’ lmobeled ito (boo’ baso’ mooio’ty

with eacho of time four bmoso’s. No do’tectoubie oonmoounits (of nucleosides, imuclo’o utides, do’oxvnibo oso’,

deoxvnibo oso’ pho)sI)bmmote, our inmo)rgoonmic pbmo ospimmoto’ were o’o’lo’ased.

INTR0I)T.Jc’TnoN

Time blo’omvciius are a group (of gly(’opep-

tide antibiotics whelm have antinmeoploostic

activity toward time ascitic fonno of Fionhicim

carcincoma (1-5). Tlmis group of anmtibiotics

has beeno foun(l to be effectivo’ oigmiinst (‘o’ntamno

squanocous cell carcinomas ito man, mmmd

lympimomas inochuoding Hodgkinm’s diseaso’ (6,

7). TIme most serious side effect enoco)Ionmto’ned

is pulmonmary fibrosis, but tio(’ne is toot evi-

dence oof bone nmanrow, liver, on no’nmah tooxio’itv

(8).

Bleomycino, oonmneactionm w’itho 1)NA in i’iti’o,

causes a decrease mm time noeltinmg tenmpo’nature

of the 1)NA anod also product’s rapid frag-

mentation of DNA stranids in the presence

of 2-mo’rcaptoethmaiool (9-12). Aim earlier

paper from this laboroutory (9) presenuted a
confirmation and extenisiono of time studies cof

the Japanmeso’ group headed by Lmezouwa

(10-12). In (he pnesenmo’o’ of Imigim cOtO(’o’totna-

tions t)f the drug, appntoximately 80 #{176}Xof time

DNA is renodened soluble in tniclmlormocetic

acid. (9).

The preseimt study is oo c010titouati(ono of re-

search on the neactiomo o�f I)NA fnmigmo’nmta-
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(mono in i’itro mm o)rdo’r to) gooino inusigiot iuotoo time

mecha noisno of st rand bremokage by bleomycin.

MATERnALS ANt) OnETHOt)S

(#{176}/oeinicals. Bleonovcimm was mu gift from

Bristol Laboratories, Svrmocuse, N. V. , anud

fronm Nipponi Kooyaku (‘otmmpoonov , lokyo.

[inei/oyl-#{176}H]Tlmynmidinme (20 Ci/mmolo’) , [0Hj_

oodenmine (8.4 (1i/mnioulo’), H332I�)0 (coonnier-

fret’) [S-’4C]guanmine (41.4 mCi mnmole), and

{#{176}H]uromcil (2.8 Ci/nonmoolo’) w’ene puro’hmased

fnono New’ Englanmd Niuclo’oor Coorpoormotiooto.

[2-deoxyribose-5-mHlTiovmidine (5.0 Ci m-

nmole) was purchomised fncono Anmo’rsimmmno/Seanlo’.

[5-3H]Cvtosino’ (11.3 Ci flmfl’OOI(’) woos pun-

choasc’d frono I not c’rnmat ioumah (‘bmo’micooi an(l

Nuclear Corpcora(ion, Irvinoe, Cal. [methyl-

#{176}H]Thymine (20 Ci mmcolo’) �vas punehaso’d

from Sciowarz Bio )H o’seoorcio. Bovi rue pan -

creatic deoxynibonouclo’ouso’ I (EC 3.1.4.5,

nibonouelo’ase-fro’e) moto(I veiuo onm l)iuOsl)bmodi-

o’steraso’ from C#{176}rutalus wkiiiiaiileus (EC

3.1.4.1) were pureimaso’d from Worthmmnmgtouo

Bioicimemical Conponat io )10. All cot imer them-

icabs ovene punclmmoso’d fro )m commo’rciool

sources.

Labeled DNA. Bacillus sublilis 16$ (thy trp

C2), w’imieim requires (hynminmo’ and tryptophan

for grow’(Im, was used mos time s(ounc(’ ouf lmubebo’d

DNA. Conoditionos of bac(enimul grow( ho oumud

isolootiotm of I)NA ��‘eno’ dt’scnibed pnevmously
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(9). Ito genmenmol, (ni(iouted pt’o’etunsors o�’ene

added to the grow’thu nmediuomo mit molc’vel of 0.5

j.�Ci,/m1, ‘4C-labeled precursors were oodded at

a level of 0.2 �Ci/no1, atmd H332P0.0 was added

at a level of 20 MCi/nob. Cvtosine ��‘as not in-

conporated into B. subtilis 1)NA. Cytosine-

labeled DNA o�’as obt mmmed by inmeonporoot itmg

uruocil, w’imich is (‘oolmvo’rted mote cytosine ito

this organism. Giuomtuitoe �s’as toot incorporated

exclusively into (hot’ guomnminme 0)f DNA, but.

some was converted itito mmdenmine. Thvminoe

and oodenine o�’ere inconjoorated directly ovitbo

little or no intercoimversioono.

Gradient centrifu.�ia1 bR. Alkahiime sucrose

gradient cenotrifugoo(ioim analyses oo’ene per-

fornoed mis I)reviously described (9) . All

gradienmts overe c(’notrmfuged in (hoe S\V 50.1

rotor of a Beckmouto L265B ultnacenmtnifuge at

40,000 rpm (149,00() X ,q) mot 5#{176}for 4 hr.

Paper cli runt aio(/ra/)/o y . Descenodinmg paper

cimroma(ogra�)ioy was 1)erfoirnme(I o)nl \‘Vimat -

mmon No. 3M:\1 (‘hn(oma(ogroophmy paper dc-

veloped witim met boa nool-et imano)lco)nCenm-

tra(ed HC1-H20 (50:25:6: 19) fon’ 16 Ion, as

previously described (9).
Molecular weil//ot determination. Time nmo-

leculoon weigiot of 1)XA was (letenmnmed by

sedinoenmtation velocity in mu I3eo’kmmon noodel

1� oonaiytical ultracenotri fugo’. After t no’atmen(

O)f time DNA w’itlm bleconmvciim, tbuo’ ro’nmaining

tnichoboracetic oocid-itustoluble fnmoctiono was

dialyzed mot 40 agooinms( 2 biters cof mu pboosphate

buffer (0.01 or NaCl-0.001 or of sodium phos-

pimate buffer, pH 6.9). Timo’ oobsonbouoce at 260

iom of this DNA soltotioto woos mo(IJuIste(l to 0.6

before analysis. Time mmmolo‘o’ulmom oveighm( o�’as

estinmooteol according to (boo’ procedure of

Emgnm(’n and Doty (13).

Bleoin ycin reaction in id ures. Time standard

reomctiono mixture coontouined bleconmoycin, 2-

mero’oop(oe(ioanol, tuto(l labeled DNA in 0.05

on Tnis, pH 8.0. 1)etails of (lie reaction mix-

tures oone given in time Iegenmds to time figures.

Thmc’ monmoouumts of 1)XA, bleonmycino, monod 2-

mercap(oe(Imanmol os’ere voinied betweeno cx-

penimenots, but in toll cases time concentrations
of time (mug anod 2-noencaptoetimanmol were

sufficienot too cause inmonoedimote fnagmenm(ation

of time DNA use(l. A further incremose of the

drug resulted in nco inocrease of fragmentation

or (nicimloracet ic mOCK1 so! ubihizationi of the

1)NA (9).

I)ifferen( anoojunmts of I )XA load too ho’ used,

since (boo’ specific activity O)f (hoe I)NA voonied

amoimg time batcloes. All ro’ooctioti mixtures

were inmcuboo(ed for 60 nmito ott 22#{176}ito tigiotly

stoppered tubes to mullow (moe for (boo’ vmonious

nomumuipuloot ive proc(’dtuno ‘5 involved to Pre-

pmmninmg gradients anod o’lmromootogrmunms.

Acid hydrolysis of labeled 1).V4 . Lmubo’led

1)NA (0.1 nml) ovoos evab)o)tate(1 too clrynoess,

0. 1 ml of 70 � pen(’bolo)nio’ 000i(l \VO15 modded,

mmmd the (tube o�’as stoppo’rc’(l monod hoeato’d at

1000 for 1 Ion. Af(o’n hovdrolvsis, 0.1 nol of

wat(’r \VmlS added, 000(1 0. 1 ml of time by-

drolysate w’oos spo(to’d for j)apo’n o’hmroma-

tograply.

Enzymatic hydrolysis (of labeled I)�VA . La-

beled DNA (0.1 ml) o�’as demoatured at 100#{176}

for 10 mm and rapidly cooled ito ano ice bath.

Time nmmigooesiuni c(omm(’o’tmtratio)mI w’oos modjusted

(0 0.12 noor; 0.005 nol of I)Xmose I (5 mg’ml)

os’as added anmd incubmoto’d for 2 bmr at 37#{176}.

After DNouse I bovdrcolvsis, 0.05 nil of venom

ploospimodiestenase (2.5 nog/mi) woos added,
and inmcubation was continmued for an addi-

tional 2 br at 37#{176}.Finally, 0.1 nml oof (boo’ hy-

dnolysa(e was spotted for paper eimroma-

(ograpimy.

RESULTS

Figures 1 uonmd 2 sbmow (Imat neactiomm cof I)XA

wi(im bmighm conmcenm(rationms of bleonmycinm Pro-

duced not onoly fragmentationi but also solu-

biliza(ion of time (niclmlormocetic uueid-pne-

cipitable radioactivity. Time radiomoctivity

sboow’nm in these gradient profiles represents

only time mO(’id-precipitablc’ couommts. ‘fimo’ small

noolecular w’eiglot, tnichionacetic acid-pre-

cipitouble DNA represented by the (nitiuno

counots of Fig. 1 imas an moppnoxinmoo(e molecu-

lar weigimt of 10� or less. Timis fnagmenmtationm

and solubilizationm of DNA wmos obso’nved re-
gardless of (ho’ position of timo’ label ito time

DNA, i.e., w’ioo’(Iier in (hoe base nmoietv ((nit-

info counts of Fig. 1; 80 #{176}� solubilizmotioio),

ito time phosplmorus (32p coutmts of Fig. 1; 25 �

solubiliza(iono), or inn (imc’ deoxvribose (1”ig. 2;

70% solubilizationm). Figure 3 illustra(o’s a

ijaier chromatognoum of the same reaction

mixtures used for (be molkoolinme sucrose

gnmodieno(s shooow’io ito I”ig. 1. ‘Time � counts did

not nmove fronmo (bc’ origin oof (he chunoma(o-

grano; time (ni(iuno counmts (i)XA labo’led in
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Fnu. 1, EfJect ouf blo’onoyo’in 0)10 fragouoentation (110(1

sot ubilizat ion of D.VA iabeleol nit /t 1#{176}!!1/hojun lute

and 32P

Alkoolinue suco’ose grmodieotus wet’e itseei; sedituoenu-

tationo is fronm o’iglmt to left. Time react iooo nmixt ores

cozot aiooed 106 �g/nml of [#{176}1I Ithymi roe, #{176}#{176}P-Iabeied

DNA, 25 mM 2-noercaptoetlmmooool, atod bleonmycimo

as follows: 0, c000tro)l, 000) bleoorooycioo, #{176}11counuts;

0, 12 nog1ml of bleomycitu, 3H courots; �, o’oouto’ol,

no bleonoycin, #{176}#{176}Pcouoots; #{149},12 nmg/ml of bleo-
mycin, 32� coutots.

the base moiety) did migrato’, co-eiuroma-

tograpimmnmg ‘with authentic thyminme. Ito (lois

solvent system free bases, monmonuclo’osido’s,

mono)nucleo(ides, deoxyribose, deoxyribose

phosphate, anod inmorganmic phosphate all mi-

grated from the oniginm; too other DNA break-

down products migrated.

Figure 4 depicts a paper chromatogram

obtained with DNA labehed ito the deoxvri-

bose moiety. That (he DNA was labeled spe-

cifically ho time deoxvnibose portion of tbmymi-

dine is shown by the migration of radioac-

tivity from time enzyme hydrolysate to the

posi(ionm o’xpected for thymidylic acid. Hy-

drolysis of DNA by DNase I and venom

phosphodie�sterase yields nucleo(ides. No

radioactivity migrated from time acid-hy-

drohvzed DNA; therefore the label must

have bo’o’n incorporated solely as [5-3H12-

deoxynibose. After reaction with bleomycirm

C
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FIG. 2. Effect of bicomycin on fraguooeuotation (070(1

s(uiulbiliz(ltio)1t of I).\’A labelo’ol in the 2-deoxyribose

mold ti

Alkaliouc sucrose gu’modieouts �o’eo’e used ; 5O’difloo!nu-

tatiooo is frommo rigimt to left . l’ioe o’eactioonu mixtures

coootaiomed 53 .�g,ml of [2-deoxyribose-5-#{176}II)thynui-

diooe-labeled DNA , 12 roomi 2-noeo’coopt (oct 1100000)1, arool

bleonoyciro mis follows : 0 , o’oooot rol , too bleonooyo’ino

�, 12 nmg’ml of bleonoyciru.

(lois 1)NA did toot exhoibit a peak in time posi-

tioio expecto’d for em(imo’rnoito’lo’osido’soornmuclo’o-

tides. Time o’hronmatognoonm ro’pneso’io(ed by l’ig.

5 simow’s timmot radioactivity ro’lease(l from

bleomycinm-(rea(ed I)XA loobeled witim urmwil

co-chromatognaphed wit im nut iuenmtic cyt o-

sine. TIme radioomoc(ivity of this I)XA after

acid Imydrolysis mobso co o-ch ronmmotograpiuo’d

with cytositme. B. subtilis cootover(s uracil to

cytosine before nicoorpoorootioono itoto 1)NA.

Figure 6 sbmcows time results (of a cboromatogroum

of blo’omvcin-treated DNA labeled with

guanine. Ito this case somo’ oof the guanirme was

incorpcormtted itoto adetoine by B. snbtilis, mus

sioownm by (he peaks of tim(’radioactivity re-

leased after acid Imydnolysis. Againm tboe

radioactivity frono timo’ bleo )noycinm -t neat (‘(I

1)NA coo-chronmatogrmopioo’d both with the

acid-hydrolyzed sanople an(l with autboetutic

guanimoc ammd adc’rmimme. Sinmilar results were cob-

served for DNA labeled with ado’tmitue (Fig.

7). Time bleomycirm-tno’ato’d T)NA co-chroommu-

tographoed with the oocid-lmydrolyzed sample

and w’i(Io autloentic adenimme. Ito i”igs. 5-7 (boo’
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FIG. 3. Paper o’/orounua�oynauuu ouf [:Hlthyuuu irue,

32P-labeled DNA treated wit/i bleounijo’in

The react iotu mixt motes cooutmoioued 106 /2g no! of

#{176}Hlthvnoi toe, #{176}#{176}P-labeledI )NA, 25 oooon 2-rooercapt 00-

etioaouol, moood bleomvciou mos foollows 0, ccooutrol, toot

bleonoycin, �J1 cototots; 0, 12 tog no! of blo’oroovo’iou,

#{176}Ho’ououts ; �, o’oootrol I )NA, ouo� bleonovciou,

couoots ; #{149},12 mg rum! (of bleonoveitu, � (‘outits

#{149},acid-hydrolyzed, 11 ]t hvoouioue-!aiueled 1)NA,
Onie-tenth noilliliter’ of emno’io o’emoctiooo mixtun’e was

spcotted. Tloe stippled bmot’s imudicate the positions

of tioe ouutloeoutic labeled cotoupiuttmuds.

nucleotides always migrmoto’d twoo or three

frooctions further tbooon (he bases. Similar

chromatograpluc r(’sults os’ere obtmuinu ‘d usirmg

time solvetmt systenos butatiol-NH ( )H-H3()

(86 : 1: 13) and ethyl acetate-2-proopatool-

H20 (65:22.5:12.5).

Finoally, wbmen a reouction mixture conitain-

inig 300 �g/ml of [#{176}Hjtioynoidine, 12 mg/ml of

bleomycin, and 15 imomi 2-nmc’ncmoptoe(imanol

os’mis incubated, followed by paper o’imronma-

tognapimy, all the radioactivity co-ciononmato-

graphoed witim au(iieio(ic [#{176}H]thymidine. No

radioactivity co-clmrconooatograpimed with an-

thenotic [#{176}H}(hynoinoe. Similarly, wimemi a reac-

tionm nmixtune (‘cototaining 0.85 �gnol of [#{176}HI-

(Imynmidinme 5’-tnipbmoospima(o’, 24 mg/nol of

bleeomycino, anod 30 noon 2-mencapt ooethomnool

FOG , 4 , Paper chro)uiualogna in of [2-deoxynibose-5 -

#{176}Hithyuuu i(line -labeled! J).\’,4 I reate(l ui’iIli bleoun ycin

The o’eactiooo noixtures c(untaioued 21 jig ml of

[2-deoxqribose-5-#{176}Hlthymidiroe-labeled I )NA, :30
onion 2-noeo’cmopt ooet hmotuool,oooud bleonoyci to as follows

0, coout 10)!, ouou bleomvo’iou ; 0, 33 nomg ml of l)leo-
noycin ; �, 1)Nase I-vo’moouno phoosphodiesten’ase-

lovdrolvzed l)NA; #{149},mocid-hydo’olyzed I )NA.

()oue-teoot to roiillili teo’ of eao’h react iO)tt tnixt mute was

spotted The stippled bars ioodicate the positi000s

of the authenotie labeled coumpouoods.

was incuba(o’d, fohlow’ed by l)mmper clmroma-

tography, all time radioactivity again co-

cboroma(ognmmphed wit ho a utim(’nmt ie [3H ](hymi-

dine 5’-tniphmospimmoto’.

DISCUSSION

The fact (mat $0 % 1)f time (ritiuno o’oun(s of

Fig. 1 (base-labeled) became soluble in tn-

chlonacetic acid after reaction w’itlo bleomy-

cm could mean that the bases load been re-

moved from time DNA, and not nmecessanily

that the bmockbonoe of time DNA bond been

broken sufficiently four the pn’codtoction of

ohgonucle(otido’s snoall enmougho to ho’ micid-

soluble. In getoeral, fragmenots co:ontainmnog

fewer (boon 10 nucleotido’s are solublo’ ito tn-

chloracetic mucid. How’o’ven, sinmce time 321)

couno(s also becoume solubihized to the o’xtent

of 25 %, it is moppano’not not only (imont bases

were renmoved but (hat the DNA backboome

had beeno clo’avo’d. Tit (boo’32� counts were
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}‘io; . 5, [�oiper eluronuuatoyrauuu of’ #{176}IIl!jI��i1uo-

labele(1 I).\’A treale(l nit/u 1)1(00101 !ICln

Tue o’emoo’t ionu noixt 100’CS (‘(toot ait)edl 10:3 1ug tool (of

[�1I lcytosioue-!oobeled I )N:\., 25 niiot 2-mooeo’cmojot(O-

ct hmonuool , motto! bleounoyci to as fo ollows : 0 , coo tool, tutu

bleomycinu ; �, 25 tog nol of bleomyo’iou ; , mto’id-

hvdrolvzeol I )NA. (.)noe-teootim millilitet’ oof emO(’h

u’eactiouou ruoixtnoo’e oo’as spotted. TIuo’ stipplet! boors

itmdicmote tioe positions of time moutheootic loobeled

conopoiunuo!s.

not soolubilizo’d to (Imo’ sanme o’xtent nos thou’

tnitium o’ooutots coonm be explmoimoo’d by (hue fact

that. B. subtili.s I)NA pro’panatiootos mono’ coon-

taminmlte(1 with small oomooutots of pimos-

phorus-coonotainminmg tc’iclmoic om(’ids, w’bmielo are

not solubmhzo’(l by bleomycimo (14, 15). Time

results tof Fig. 3 also suppcor( timo’ conmto’imtiono

timat timo’ baekbonme oof I)NA w’as itudeed

bnoko’nm, sitice 70 % of timis I)NA, labo’led cx-

clusivc’lv ho tioe cleoxvnibose portion of

thynmidino’, becmonme (niclokormocetmc acid-solo-

bie afto’r reaction w’itho bleomvcinm.

%Vlmen I)NA labelo’d witim :021) 0010(1 [#{176}Hjthmo’-

mine was mullowed to ro’muo’t w’itbu imigim cotmcc’n-

trationos of bleomycin anmd subjecto’d to

paper oburonmatognapimy (Fig. 3), only oinme

peak, coorrespooimdinmg to [mHlthoyminoe, \Vt15 Ob-

served. Since nmonme of timo’ 32P counts nomgnated

from time origin, it is mossunmed (hat too free

nucleotm(lo’s, do’oxyniboose phosphate, ton ho-

organic pbmospimate weno’ relo’moso’d as mo ro’sul(

of (ho’ actionm of time drug.

Time ro’sults sboow’nm in I”ig. 4 o’stablishm that
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Foo,. 6. I1aper olurouuu(lt(uy/rolu/u of t4Clquia,uu,ue_

ouleuo in(-labo’led 1),V.1 treated no tb 1)1(0)110 /0110

�FIoe t’t’mt(’ t iottt muoixt noes c uou t moioueoi #{176}.)()jug nuol t of

� t4(��g�omoouioue..mooIeou i mue-lmtbe!eol I )NA , 33 toni 2-
tuod’o’d’mlI)tooetiomoouol, tout! Luh’oooouvciou mis follouws

0. coout tool, tuo b!o’oonoo’ciou A. 50 tug nol of ioleo-

ouuycin ; U, mtcid-iovdo’oolvzeo! I )NA, ( )ouo’-teout it noilli -

liter’ of ea(’iu t’O’moo’ti(Ott 000ixt mote �s’oos spot ted, Tioe
Stippled ban’s ooolio’mtte t ho’ lousi 0 ionS oof the mutt loo’ou-

tic labeled coriopototouds.

wIoo’io B. sublilis was gt’ouwtu ito (ho’ preso’too’o’ uof

[2-deoxyribose-5-#{176}H](hoynmioiiiue time’ (na(’o’n was

nocorpoonated directly ous (boo’ deoxynmbo use oof

(hmynoidiioe aimd nmo( inoto’m’o’o)tov(’rto’d, sinco’ on-

zyme hydrolysis yeio’ided oonly ootme po’ook in

time position expectt’d four (boymidyhic acid

w’ioilo’ no peouks were oobso’r�’o’ol after a(’i(l by-

dnoivsis. Sinoilmmnly, 1000 p(’moks w’o’re obso’nved

mof(en ro’oic(ion of (lois l)NA witim blo’onm�’ciiu.

Thus imoodetectmuble anmourot oof thynmiolitmo’ 001.

deoxynibose was released. Similar o’xpo’ni-

noents could toot be penf(ol’nm(’(l eomsilv for time

otlmen toucleosido’s, smnmce tho(’so’ specifically In-

beled eonopounds were not avmoilablo’. Hooo�’-

even, we ioave nooo cbmronmmmutognaphic o’vido’tmoe

of army miucleoside behmg ro’leaso’d afto’r blo’o-

m�’cino actmonm.

The results o)f paper o’ionomatoognomnms (Figs.

5-7), usitog DNA I)rePanatiOnus labelo’d w’mtim

cytosine, guomnoine, aimd modenminme, art’ similmor
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F’oem. 7. Vapor i/ur0000001t(u(jrauu? uuf [#{176}flladoniuue-

labeled D.’oA trc(ItC(l with blCOlli!/Cifl

The ro’moo’t iooo noixt totes cooot ui mued 45 �g. ooml oof

[#{176}1I ]mudeuui tut’-Imti Oo’!e(l I )N A, :33 moo.�i 2 -tuoercapt o-

ethooouol , 0000(1 i)!(’OutOOV(’i to os fo!!ows : 0 , cooot t’o!

too bleonoycitu ; A. 50 rug rio! of bleomuyciou ; U, acid-
hvdrolvzeo! I )NA. ()oue-t coot io ruoil!iliteo’ of emoo’!o

react iomo nuuixt note was spot teol. The stippled bar

inudicootes t lie posit ioto ouf I be moot heout ic labeled

cotimpoutud.

to the’ results ohtooiro’d tosiomg tbmvnmitme-la-

boled I)NA. Tboo’ 1o’ouks oobsenvo’ol ouf(o’r bleo-

nmvcno too ‘ott oomo’mit a! wouvs too-eli noornate o-

groopimed wit ho thou’ ao’iol - imydroolyzed DNA

as we’ll oos withm timo’ moutlicioth’ base’s. Thus

there’ is stnoamg o’violi’ioo’o’timoot all four

baso’s oof l)NA �vo’o’o’ n’e’lomosed mufto’n blo’om�’-

(‘mm tro’ootm(’nt. Umufoortuooooto’iy time’ monmounts

of boost’s re’lo’moso’d w’o’no’ inosufficio’tmt to) per-

fonnm sl)e’ctrmtl oOlmmolys(’s. Althouogim moboout 80%

of (boo’ I)NA bo’o’monomo’ soluble itm tnichobor-

aco’ti(’ moO’i(l, (000l\’ 00 stmuall i)m’0P000’ti00t0 oof (iois

amoutmt (5 -10 (,�) woos ro’lo’muso’d mis fro’e base’.

Our re’sults are o’ootosisto’to( w’itbm time’ ido’mo (boot

bleonmyo’itm outs as outi alkylmotimug oogo’tot. It is

likely (bout time’ drug moo’ts Primarily too remove’

base’s froonm (hoe’ I)XA, with time subso’oiuenot

spomutaou(’e)tls (‘lo’ooVmogo’ oof (hoc’ pioosp!oo dies(o’r

backbomoo’. It is knoowno (buoot I)NA w’Imich is

depuriommote(l by molkylootitog ago’omts is labile

anocl coon sl)olotalme0011slY do’gt’oudo’ unoder nomild

conditions (16) . ‘Fhuis (‘munmocot be’ (l(’finitehv

establisioo’d for hlo�otmo\’o’iti-tro’mtto�i I)NA out

(lois tmimmo’, bo’cmouse out’ time napi(l ro’ou(’tiootu nat(’.

The failure of bleonmvo’itm to ro’le’ase booso’ fniom

imucleotide’ mmmci nou(’lo’o side 15 molsoo t’ootusisto’tmt

w’itim thi�� mulkvhmotinog oogetot bovpootloe’sis (16).

\V’hc’thuo’n’ or niout blo’oinvcinm oucts mus otto alkybout-

ing ougo’nu( is still opo’tu to) otuest ion , sitoce al-

k�’latc’ol boost’s Imave tuot beo’nm oohso’nve’d. How-

ever, (boo’ I)NA, hiko’ molkvlmmted 1)NA, would

still be habib’ anod subjeo’t to) spoinitmotuo’oous deg-

n’midootioutm mufto’t’ no’nmmoovoul oof boost’s.

\\T0, ooro’ (‘ut’t’entlv studyitog (ho’ tumoture of

t ime t t’io’hulo ot’ouo’o’tic ooo’ioI -so ulublo’ tommu(e’n’ioui , e ot imo’r

(imati free-boost’, mus well mis thoo’ snmmull nmolecu-

lan’ weight , acid-itms ol ublo’ imooutenimol w’bmicim re-

immaiims aften’ bleormove’iio ooo’tioou. Thmis snmahl

nmc)lecular w’eight , 000’i(l - ilmso obublo’ nmootenial

siNi’nms to bo’ no’si�taiot too furtho’r ;uctioOtu (of

bleotimvci no.

‘l’ho ‘ fOo(’t t boa( bug! o hlo’o unm�’e’i no to tO(’O’tO t t’Ou -

tionos otto’ t’o’o1i.iit.o’d too (l0’flmootms(t’a(O’ (lie’ IN’-

lease’ ott’ Ire ‘o’ bmoso’s is, at lo’oost Pmurt iooll�’, (hoe

result oof (hue’ itoabilih’ to do’to’o’tsnmmolloomooun(s

oof roodiououctivi(y. (‘oonosido’t’ouble o�uo’ioo’bonmg of

(h(’ ntodio 00001 ivity n’o’lo’ooso’d ocourre’d ito (his

l)ouP(’r euro umato ogroupluic systo’m. Ito addition,
1)XA oof hoigho’o’ spo’o’ific ouo’tivity shoe nild re-

ojuire’ less oototibiotic’ too do’mmmoons(rate’ time’ re’-

lo’moso’ of fre’e base’s. Howo’vo’n, the use’ oof high

ble ommoyo’ito to omico’nmtnmotio onos so’o’ms j ustifio’d,

since’ (hois oltug bmmus bo’o’io used ito root hoer high

(‘ootlco’nutr’mutioooos ito thmo’ tro’oo(timo’nt oof hoummmn

nmmiligtomomicio’s (17).
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