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Fragmentation of Deoxyribonucleic Acid by Bleomycin
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(Received Jimmie 23, 1971)

SU.\l mnA tim

Time nubility olf time antibiotic bleommmyeini to) cause single- mis im-ell as double-strand bremuks
in deoxyribonuucleic acid in i’ilro ilmP- beenu eonihn-nmed. Heat -denmat tired, sintgle-st rmmnded DNA

is conisiderably more sensitive to time mmetionm of bleonuuycin tiuanm in nmative DNA. Time rmite of

time remmction of DNA breakmmge by bleonmmyeinm is enmimmmnmcedin ti-me iresemice of 2-mercapto-
etimanmol; imomvever, 2-mercmiptoet i manmol also i mimmetivates bleonuycin. Timis inactivation react ion

is especially rmupid at 80#{176},although bleonmyeimu itself is stable to imemutinmg at 1000 for 10 mini.
Bleomycin alonme causes f-lie frmmgnuenmtmmtionm (If I)NA upon prolonged incubat-ionu, mit-id timere-

fore time presenmce of time reducinig mugent is not obligmmtory. In time presence of high cormcentrmm-
tions of bleonumycin, time DNA is degrmmded to the level of free nmucleotides, nmucleosicles, or
bmmses.

INTROIIU(’TION

Time mmnmtibiotic bleonmycilm immus first ole-

scribed by Unuezamma et a/. (1). Time blecnuy-
cinus were subsequemtly shommnu to be mmgroump
of related glycopeptides separmuble by emur-

boxynietimyl-Sepimadex cimrommit ognmupi-iy (2).

Time peptide l)Ortioni of bleonmycin mm-as fottmmol

t-o c(Inutaim six amino acids munmdmull mmnmine (3),
mmmd time sugan’ portionm comtainmeol L-gulIOse

anol 3 -O-cmirbmmnuoyl-mI-mmtnnose (4).

The antibiotic imas mmntiimeoplastie activity

tomvarol time ascitic form of Ehrlicim cmmrcinmommumt

(3) amid several strmuins of trmmmusplmuntmible

mouse tunuors (6). Bleomycin hunts also beenm

founol effective agmunmst squamous cell cam--

cinmonumi mu man (7, 8).

Bleonmycinu immiuibits DNA mmmmol i)m(Iteilm

symmtimesis in Escherichia co/i, Eimrlieim cam-

Cnm(Iflumm, mmmd HeLmi cells (9). 1mm midditioni,

time drug causes mu decremise mm flue nueltinig

This research was supported mu 9mmrt by iranut

CA 10763 fronu tue Unuited Stat-es Potblic Health

Service anud ( Iramit (1-441 from time Robert A.

%Velcii Foummdmutnonu.

tenmupem’mttume of DNA mumd also produces
scissiOnm of I)XA strmmnmds bofim in i’itro aniol
in mice, time fornmer reaction-i requiring 2-
mercaptoefhmmnol or hydrogenm peroxide (10-

12).

Time preset-it stuoly mm-misinmitimiteol to iearnu
fli(Ire detmmils of time react-ion of frmmgnuentmmtionm

of DNA in turn iii order to grim inmsigimt immto

the meeimmunisn of strmmnmol breakage of I)NA

by bleonmycinu.

MATERIALS AND EETHOI)5

C’hennica/s. Bleonmyeinm was a gift fmonu

Bristol Labonmmtories, Syracuse, N. 1.

Thynmidine-2- 14(i (48.4 mmuCi/numuuole) amuol

fhynuidinie-me/h�j/-#{176}H (1 1 .9 Ci /numuuole) mmere

pmmrciiaseol frolnu Seimwmu’z Biollesearcim, Or-

mmngeburg, N. V. All othen cimenmicmils uvene

l)umncimmised fronm eonumnuereimul sources.
Labe/ed DNA. Baci//us subti/is 168 (thy

li-p C2), mvliiciurequires timyminue mind trypfo-

1)immuli for grommfh, mm-misused mis flue source (If
lmmbeleol DNA. Time cells mmere grommnm over-

night in-i mm nucdimtnuu eomutainiinug 2.0 g of
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(N H1)2S( ) , , 1 4.0 g o)f l�2HP( ) , 6.0 g of

10.112101 , I .0 g of fl-iso)(liunm cit mate, 0.2 g of

:#{176}�[gsO4, .�.0 g of glucose, 0.0.) g O)f glutanmuic

mlci(l, 0.2 g of (otS(’iti imy(lrOlys:it e, 0.04 g of

DL-tmyptopimamu, anmol 0.004 g of timynimme oi

tiu\’nmi(hinme mi I liter of distilleol mmmitei. ‘Time

oyeinmighmt cimltuie mmmmstrmmmisfenmed to fn’esh

nmmeolunnu coiitaiiuinig 0.. �.o)I’i nml of ‘1l1�-

tliylmiohiml(’ 0)1 0.2 .z(’i imml of ‘4(1-thmvnmmimme.

Ihi(’ (�lnltitmO� mmas allommeil to guomv to time lmute

logmmiitimmmie l)iumisO’ ammo! mm-as Imaivesteol by

(�(‘lmt n-ifugmmtiomm. liii’ (dl- �veme lvseol by

ilm(fliI:utiolm mu) � Ion 3() moult mm-ilho 100 �g nmi

0)1 egg mmiii) (‘ lvsozyimmt. �i )N,� mmmc- istolmmi ed

i)’ 0 lmmohifi(:ot D)ln of t lie mmmclhmoul (01 .\ ImmlImmuir

( i:;). line bai)(’leth i):\_�, um a fimmmol\o)lmnlmme of

2 .� ml, mm:ts himthyzei o)\(lmmigiml il� thu(’ (01(1

:ugmmimmst 2 Iiit’rs tot 0.1.o mm Na(’l mmmd0.01o mm

I li-0(himtlmm t’il m:utt. 1 )N\ (‘t)lm(’(’lmt mmmlnomm mmu

mtssmt ye� I 11#{176} I 1u�’ immol 1to a I ool I �um1 onm ( 14).

( ,i(I(/i(H I Ce,, l1i/1O/(ll ioU? . I �i mmenuI 4 Tn-nm1,

.___) 2() ‘ ; (mm m) sticio-e gla(Ii(’mmts (omit ailutmg

o.:i � Na( )l I mmmnd0.7 x \�mo(’l (ull�ahimme)

1 (1 N “a( ‘I (math-mo1) smelt �)m’(j):m(’tl mmsimmg mm

1�((klmm:mmu oltmmsit \ gimulitmut fomomer. 10)1

alk:oliime gi:uhietmts, f)-! immi of tim(’ memoet jolt

lmuiXtlll( mm:m- lmmixed mm-itIi 0. 1 mmmlof mmsulmit ion

(-o)mmtmtmlmmlmg3.. N �s:i(’l amal I .-�) N “:o( )ll, ltlm(l

I ime (Ill lIe 0..-�i 1mm! mm:ms layemetl omn t 0)J) of t ito’

gnathit-nt ; tO)l lutult intl gn:m(hi(Imt-, oh nil 0)1

-almlJ )h mmas liti X(t I mmit I m 0. 1 mmml ( d .T.() N

\nt( 1. ( mmt(hi(’mmt- mmcmi r(lmt rilugel inn tii(’

5\\T )0. I mo)t 0 0 0)1 mm i�eeh ln:(lm I �2(i.�i3 omit ‘mm-

((lot lifllg( ml -10,000 i’�)lmm ( l-l#{176}J,0()())c( q) for

4 it,- mit .). .�tte� cemut i’ifmmgat 10)0, (1. 1 .-imml

Irmut iomms \m-ne (oll((teol o)nmt00 2:3- lli

nmmmmmNo. 3_\1 .\I filler 1�mln (hi-(’s, tmitmg mu

l�i id nl(’l ,\tit ( ) I )elmsi - i’li )mmgIno hieinl (o )l 1(-ct 0)1.

‘Flip hisc- mm(’l( (lli((l, t leat tol mmit ii (0)1(1 .� ‘

(mm - v) I ti(hm l( )lO )mu(’elH- t(O I ft 01 20 immimi (10

mmii 01150-) , :111(1 m\:mimp(1 mmit ii (01(1 n � � t 11-

(�im1( 1:tc(’t Ic mtru 1 ( 10 imul � use ) to 11 )mve(1 by

1).’) ‘ � �t i mmmmm)1 ( i 0 1mm1 � hi-() . ‘l’l me (lis(s mvei,i-
(ili(’(h 111(1 i)l:t(t(l ill -(ilmt ihImmiion minis mvitii

10 nul 0)1 1 t)lUemm( ottlit muilmiong .�.() g 0)1 2,)-

(hJ)i n-imyloxmizo )i( a lt(1 0.:� g 0)1 1 , 4 -his{2- (4-

mtl(’t1mVl-)-j)im(nm�I(OXZl0l)jl)(1mZ(’ml(’ � hiti-i.

1� m((liom(rt ivi t V mmml- flme:tstln- I ttsimmg ot Beck-

limmili li( Iiti(1 -(mnmtillmml 1011 510(1 molmm(’t(m.

11 o/eeu/o-n i, -or iqlo I ileh-i,io iii (11 l(olO . .\ todeem tiar

mveigi mIs of I .) N A mmere (1(1 trumi nmeoI iI\ s(-(li -

i�me�t 1mmlit am volo oil \ iii mm U-ekimmmu�m 1110)01(1 l�

:mmmmtl�mticmul uiht tmLO’elmt iifiige. .\ Ioiecnmlmmm’ mv(igint -�

\m(’me cmil(’imlmite(l mmsimmgtime o’qttmltio)li of Stuohiem

(15).

Papci- c/n rolnato(/ia/)/o !J. 1)o’seemmdi 1mg l)mil I(’t

cimronuatographv \mam- l)emfornmm(’cl (Ill \Vhmmmt -

muman No. 31\l\l ciml-oImmmItogl-a�)imv 1)milIe1.

�R nmolio)mmcfiV(’ 5mmfl�)iO’5 (0.02 nm I ) mmere l)0t t o’ol,

amid time (immommmatoglmi�Iim mmmi oIeVeI(IpeOl 1on

1t�) lii mmit ii nuetiumniol -ethmammol---eonmeo’nmt m’mmto’(l

HC1-mmmiter (50 : 25 : � : 19) - Aftet oleyelop-

nmenmt mtlm(l oliyinig, 2-much stn-ips for (‘mmcii spot

mmo’ne emtt initol 0.;5-inmcim fn’actionms, Plmmce(l ill

scimutillmutiomm vials mmitii 10 nmul of tim(’ tolue�me

umixi ill( (l(s(lii)((l :mi) )m(- amm( 1 �o nimml ((h

1�/’�io�j’i:ii l-(’(l(’IiOit iii i.01?Ii(.5 Ihm(’ -I ;mmmolmmr(1

lemict 0)11 mimixt ti�e (01)1 mmilm((l 10 40 pg imml of

I � 1 2.5 iiimi 2-lmm(1cal)t oo-hinalmo)l, aiotl

l)leoltmV(_ilm ili mm tot al mohtimuo’ of 0.4 nil of

0.0.5 mm ‘l’nis, 1)1! 8.0. \ali:)tiOllm- ill liii-

lea(’t i 11 1 liil xl i�i’e mune gi memi 11m I I me Iegeim 1� I 0)

o

‘�‘ 0

0 � T � I I � � ‘11

2 6 0 4 8 22 26 30 �2
FRACTIflN NUMBEO

l’nom. 1 . i�JT((t of lFoclo’usllu/ !olooi,,i�ei,o ,-oo,oi-q-,ofl-(1-

I 0010 (010 11(1(/110 (1) lot ii) 10 to) I).\#{149}.1 �
��lkmolimoe -ootcn-oom-oogmadiomot-o ; -clinooomot ot ioomo

Ion limo’ left - ‘I’Imo’ mo’mmcliomo moixt mnmomo oomol oimoool 25

mmomn2-mnmeno:npl ott bamool - 15 14g/mmol oof 1 1-0 invmnoodo moo-

loboleol I )�“�‘.\. onool lolooomnovommo moo follo��o- : ED -

coomol mol (moo 0 lolooonmuvoomo ) L] - 1(1 pg/mool ; - 10

pg/mool ; #{149},60 ,ug/mnol . ‘Fiot- mo-moot 00000 mnoixlonmos wont

i000Oml)mOl((l foon 1 ion- not :37#{176}.



time figures. All reaction mixtures were
incubmufed imi figlitly stoppered tubes.

RESULTS

The fragmentation of DNA in-i time presence

of increasing concentrations of bleornycin is
shomvn in 1#{176}’ig.1. The control DNA (bottom
of gradient-, untreated with bleomycinm) has

a molecular weight of 1.7 X 106 dalt-ons; at

the top of the gradienmt, the DNA has a

molecular mmeigiit of approximately 3.1 X

1O� daltonis, both-i being determinmed as single-

stranded DNA. 1mm the density gradient

experimeimts, we usually obtained approxi-

mately 90 % recovery of radioactivity when

using bleomycin concentrations up to 100

�tg/ml. Iii son-ic experiments, however, ti-ic

control DNA recovery was less thmuni ex-

pected. This occurred when the control DNA

had a high molecular weigimt and sedimented
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FIG. 3. Effect of temperature Ofl fragmentation
of DNA by bleomycin

Alkalimue sucrose gradients ; sedimemmtation was

to the left. The reaction-i mixtutres conutained 40
�ug/nml of bleomycin, 1.0 m�m 2-mercaptoethamuol,

and 10 �g/ml of 3H-thymidine-labeled 1)NA, and
mi-ere inmcubated for 1 hr at the following tempera-

tures: 0, 5#{176};D, 20#{176};�, 44JO; #{149}80#{176}.

to form a pellet, wimicim was not recovered in
time�e experiments. If time bleonmycini con-

cemmtration was held constant anmol time con-

cen-it ration of 2-mercaptoethanol was in-

creased (Fig. 2), a dose-response effect

similar to that- found wit-lu increasing bleo-

nuuvcin concentrations was observed. The
control, uiutreated DNA used for Fig. 2

sm-as of smaller nuolecular size than in Fig. 1.

Thuis mm-as caused by differences in time anuoumut

of simear during time isolation process an-id did
not reflect any frmigmentation caused by

bleonuvcinm alomme durin-ig tie 1-iur inmcubat ion

of flue remuction nuixt-ures. mm an mit-tempt to

deternuine ti-ic temperature optinmumn for
the remuctioim, the experinuenmt represenmteol by

Fig. 3 w-as performed. Time greatest amount
of fn’agmentmition wmms seemu mm time reacf-ioum

mixture incubated at .5#{176},and little or nuo
fragmentation was observed at 80#{176};i.e.,
less breakage of DNA occurred wit-Im incremus-

ing temperature. Timat bleonmycin alone did

not lose its ability to fragnueumt DNA when

heated is showmi mm Fig. 4. In timis experi-

ment, bleonmycin m”mis boileol for 10 mini and
allomved to react witim I)NA amid 2-mercapf o-

FRACTION NUMBER
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0-���-/4�#{149}-:#{149}) 6 � 20

FIG. 2. Effect of increasing 2-mer(-aploethanol

concentration on fragmentation of D.VA
Alkalirme sucrose gradients; sedimenutationu was

to time left. The reactioim mixtures conmtainmed 40

�g/nml of hleonmvcin, 15 ag/nil of 3H-thymidinme-

labeled 1)NA, amid 2-mercmmptoethanmol as follows:

0, conut-rol (muo 2-nmercaptoethanol); �, 0.01 nmmmm;
�, 1.0 mM; #{149}, 20.0 rn�i. DNA alone, without
bleomycinu or 2-nmercaptoethanmol, sedinemited to-
gether with the conutrol. The reaction mixtures

were imucubated for 1 hr mit 37#{176}.
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FIG. 4. Effect of heat and Prona.se on bleonoycin

activity

Alkaline sucrose gradients; sedimemmtationm was

to the left. The reactionu mixtures conmtaiimed 40
�g/ml of bleomycinu (where immdicated), 1.0 m�m
2-mercaptoethanmol, amid 15j�g/ml of 3H-thymidinme-

labeled I)NA. 0 , conutrol (no bleomycinm) ; 0 , con-

trot (untreated bleonmycitu); �, bleomycin (LO

mg/mI) after reactionu with Prommmise (0.5 mg/mI)

for 1 hr mit 37#{176}before immcubation of reactionu mix-

ture; #{149},bleomycin (1.0 mg/mI) heated at 100#{176}

for 10 mini before incubationu of remictionu mixture.

The Pronase was self-digested for 1 hr at. 37#{176}prior

to use. Iii addition, the 1)NAs used were treated
with self-digested Pronmase (100 ,.og/nml) during

isolation. The reactiomm nmixtures were incombated

for 1 hr at 37#{176}.

etlmanmol. The Imemut-tremited bleonuycin nuain-
taii-ied exactly flie sanue ability to fragmenmt

DNA as f-i-ic unheateol control. When-i bleo-
mycimi wmus Imemit--tremuted for 60 nuimm mit 80#{176},

time conmditions of least frmmgnuentmutionm from

Fig. 3, it maintainmed conuplefe nubility to

frmugmenmt DNA. Figure 4 also shomms timat

bleomycinm lost some of if s mmbilify to frag-
ment DNA after freatnuenf with time proteo-
lvfic enzyme Prommmuse.

\Vimenm bleomvcin mvmus nuixed witim 2-
nuercapfoetha-imol and allomveol to) stand for

several hours befolre reactiomm mmif im DNA,

- very little fragment-at-ion of DNA occurred.
It was thought that 2-mercaptoethanol had
inactivated the bleomycin. This is clearly

illustrated in Fig. 5. After reaction-i with
2-mercaptoethanol for as little as 5 mm at
80#{176},bleomycin dramatically lost its ability

to cause breakage of DNA. After 15 mm at
80#{176},the fragmentation-i reaction was com-
pletely abolished. A comparison of time

degree of fragmentation of DNA by bleo-
mycin alonme with that produced by bleo-

mycini plus 2-mercaptoethanol when in-

cubated for 16 hr (Fig. 6) reveals that bleo-

mycin alone was able to fragment DNA. The

degree of fragmentation was not as great as
mi the presence of 2-mercaptoethanol, but

tins experiment shuows f-hat- 2-mercapt-o-

etimanol is not obligatory for the reaction.

Time effect of temperature on the breakage
of DNA by bleomycin alomme (Fig. 7) was

FiG. 5. 7’ime course of inactivation of bleornycin

by 2-noercaptoethanol

Alkaline sucrose gradienmts; sedimenutationu was

to the left. Bleomycimm (80 /hg/rnl) was mixed with

20 nu� 2-nmercaptoethatmol and inmcubated at 80#{176}

for the followimmg I inmes: 0, 0 miii (ummincubated

control); D, 1 nun; �, 3 minm; #{149},5 mmmi; #{149},10

nmin; A 15 mm. The bleomycinu-2-nmercapl net hanoi

nuixtures were added to reaction mixtures mit the

following final concenutrationms; 40,.�g/ml of bleonmv-

ciii, 10 nnn 2-mercaptoet-hanol, anmd 15 �g/ml of

3H-thynmidinue-labeled I)NA. Incubation was car-

ried out for 1 hr at 5#{176}.



20

8

IA -�

14 -

12

-. 10 -

4

2i

4 8 12 16 20 24 28 32

FRACTION NUMBER

�0

A
4

4 A

A
- � A

3 - -O
p --

A

0 -� 6 A0

0 - -

-b0 0 A - 0
2 b#{176}o0 0 -

0

A

I � 40,0

0 �Ji A � 0

h0�1-c �A #{149} 00

0�000000o��

0

BLEOMYCIN-INDUCED BREAKAGE OF DNA 649

f-he gradient profiles. Time corres�)ondmg

percentage increase of acid-soluble counts
from such a gradient- is shown mm Fig. 10.

Finally, when DNA treated witlm � mg/mi of

bleomycin was subjected to paper clmroma-

tography (Fig. 11), free m-iucleosides, nmucleo-
tides, or bases could be detected.

DISCUSSION

TIme results of the dose-response experi-

ment with bleomycin mmmd DNA (Fig. 1)

suggest that time points of breakage probably

are randomly distributed along time DNA
molecule. If these sites mvere located non-

randomly along the molecule, one would

expect the appearance of more thanm on-ic
molecular size after inmcubationm mvith the

drug. Altimough homogeneous preparations
of DNA, such mis purified piuage DNA, have

not been tested, there seems mo reason to

FIG. (1. Effect of long incubation of bleotnycin

minus 2-noercaptoethanol on fragmentation of DNA

Alkaline sucrose gradients; sedimemutations was

to the left . All reaction mixtures coimtaimmed 15
,�g/ml of 3H-thymidine- labeled 1)NA in additiomu

to the following: 0, control (nmo additions); D,

80 ,�g/ml of bleomycinu; �, 40 �.og/ml of bleomycinm;
., conut-rol, 2 mM 2-nmercaptoethaiuol; �, 80 �og/

ml of bleomycinm plus 2 mm�i 2-mercaptoethanol;

A, 40 �ug/ml of bleomycinm plums 2 mM 2-nmercapto-
ethanol. All reaction-i nmixtmnres were incubated at
5#{176}for 16 hr.

the reverse of that seen-i in time preset-ice of
2-mercaptoethanol (Fig. 3) , the gremitest

amount- of fragmentation being observed at
800.

That bleomycin caused double- mis well as

single-strand breaks in-i DNA is shownm by

the experiment represented by Fig. S. Wiuen
this same experimenmt was 1)erfOrnied on-i an

alkalinue sucrose gradienut-, ti-ic profiles were

shifted further to ti-ic righmt. Treatment of
heat-demmatured DNA mm-if-I-i inmcreasin-ig con-

centrat ions of bleomycin (Fig. 9) resulted in
considerable fragment at ionm, even-i mit- flue

lowest comucemufratiomm (10 �g/nul) of the mmnti-

biotic.
Wimen DNA was tremuted, in-i time l)rcsenmce

of 2-mercaptocthanol, with bleonuycimm mit-

5-20 mg/mi, timere was mu numurked loss of tn-

chloroacetic acid-precipitablc counts from

4 8 2 16 20 24 28 32

FRACTION NUMBER

FnG. 7. Effect of (eon perature on fragnoo-ntation

of DNA by bleonoycin noinus 2-noercaptoethanol

Alkmmlimue sucrose gradienuts; sedinmenut mittoni was
to the left-. The react ioni nmixtinres (omit ainoed 40

�g/mmml of bleonmycinu amid 10 �g/nml of H�tiivmmmidinme�

labeled 1)NA, and were incubated for 16 iur at time

folloavinmg (enmperatures; 0, 5#{176}(mnmiimucotbated (0011-

t-rol);D, 20#{176};�, 40#{176};#{149},80#{176}.
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FIG. 8. Effect of bleornycin on production of

double-strand breaks in DNA

Nemmtrmul soncrose gradienuts; sedimenutation was

to time left-. The reaction nmixtures contained 2 nm�m
2-mimercaptoethamuol , 10 �.ig/ml of 3H-thymidine-

labeled 1)NA, and bleonmycin as follows; 0,
control (no bleomycin) ; 0 , 40 pig/mI ; �, 80 �g/ml.

The reactionm mixtures were incubated for 1 hr
mt 37#{176}.

expect- results differenmt from those observed

using B. subtilis DNA. Since approximately

90 �- of f-i-ic labeled DNA was rendered
soluble in-i trichloraeetic acid by treatment

wit-lu high concemitrations of bleonmycin

(Fig. 10), the bleomycinu-sensit-ive sites must

be situated rather close togetimer, of the
or(ler of 10 or fewer nucleotides distant. The
results pncsentcd mmFig. 1 1 suggest that

mmmiv sites arc mmdjmmeent, sit-ice approximately

30 #{182}�of time label was released as free niucleo-
f-ide, nmcleoside, or bmmse. This same result
mvas obtained when f-he DNA was labeled

mm’it-li t4C_gmlmlnimie.l Timis indicates thmmt the
sensitive site might be either time l)luOsl)imO-
oliester bond or deoxynibose. Experiments jim

progress in-idicate timnut only free base is

liberated after treat-nuent of DNA wit-h hugh

-omucemmt.rat-ions of time drug.

Time bleomvcinm-inmduced fragnuemmtmition of

DNA resembles the actionm of tom endo-

nuelease. Since there is little information
available commcernimmg time commercial pro-

duction (If timis antibiotic, it is impossible to

rule out the presence of contaminating

nucleasc from timis source. It- is known,
however, timat the activity of ti-ic blcomycin

used in time preset-it study is dialyzable and

also heat-stable. In addition, experiments

using :nHtiu��nuidiiieJabeled cell lysates as
the DNA source simow esseimtially the same
degree of fragmentation by bleomycin as

obtained uvitim higimly purified, Pronase-

treated DNA. Thus it seenus unlikely that
bleomycimi com-itains nuclease or activates
any endogenous nuclease present- in the
DNA preparations.

- 4 8 2 � 6 � 20 � 24 � 28 � 32

FRACTION NUMBER

FIG. 9. Effect of bleomycin on fragmentation of

heat-denatured DNA

Alkalinue sucrose gradieimts ; sedirnent-ationm was

to the left-. The DNA was Imeat-ed at- 100#{176}for 10
nmmini and quickly cooled mu amm i(-e batim. The reac-

t mu mumixt-ures coonutainted 10 j.mg/m�l of 311-t-liynmidiime-

labeled i)NA plus lime followinmg: 0, control (no

additions) ; El , conut ro)I , 1 num 2-mercaptoethanol;

Li, 80 jog/omit of bleonmvcin plots 1 nmM 2-mercapto-

et hminiol ; #{149}, 40 �g/mnl of bleonuycin l)Ius 1 m�mt

2-mmmercaptocthmunool ; #{149},20 �g/ml of bleomycin

plus 1 nmii 2-mercaptoet-hanol; A, 10 �g/ml of
bleomvcin plmns 1 nun 2-mercmiptoethanuol. The

reaction mixtures were incubated for 1 hr nit- 5#{176}.
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FRACTION NUMBER

Fio. 11 . Paper (-lor0000tograph of 1#{176}(-t/oynoine-

labeled D.VA treate(i with ble000!/(-in.

0 , 0.02 ml of ‘4C-lmibeled I )NA (42 �.og/iiul)

treated with 5 nug/mmml of Illeonmycini plus 1 mmiii
2*nAercaploethatuol for 3 hr at 22#{176}(left ordinate);

0 , 0.0()5 n-il of 31T-timvnmidinue spotted mis stanmdar(l

(right ordinuate) -

T1�’ l)mmrmidoxicmil bci umivior of 2-nuuercapt 0-

eti-iminiol in-i fl-ic remuctionu is inot undcrstoool.

That timis conmmpoummd rapidly inmactivates

FIG . 10 . Effect of ii igh (-010cm trot ion-c of bleono yco n on rcle(o.�e of (rich lorucetic (ooo (I ( ‘ICA ) -.�oioohle -1)0(0 -

terial from D.VA

The ucid-soluble radioactivity release(i uponu tieutmmiemit of 3IT-thymidinoe-Iabeled I )NA m�itim bleonimycinu

wa-s deternmimued by totaling time acid-precipitable counmts fronmi an alkalimue -ooncrose gtmudient-. Tue reac-

tiotu n�ixtinres Cotutainie(l 37 .ug/ml of 3FI-tlmynmidine-labeled DNA, 25 mmii 2-muuercaplooel iuamoool, 011(1 foleomy-

ciii at the inudicated conucemutrationos.

C _ � bleonuveini is quite elemmn (Fig. 5) ; it- is e(�umulhy

demur tlmmu-t- it greatly miceelerates tue remictionu.

- Bleo)nuycimm, after tremitnmemmt with 2-mmmereipto-

� et-immmnmol, is also inmmictivc biologically � i.e., it

0 _ 6 (1(90’s nO)t inmlmibit- gro-im-th o)f B. .‘moiblili,’n.’

� Expeninmemts tile I)lmmnne(l tO) oletemnmmimue tint’

#{176} structural integrity of bleonmycin titer remic-

� � ti()fl witii 2-mercaptocthmmnmol . Presenmt lv it is

0 _ � � imllossiblc to determine whethem 2-mmmercmip-

(2 toethnummol remucts tranmsientlv with hleonuvciim

0 � pr(Ioluce a more reactive species, mmitiu time

� subsequent prooluctionm (�f an-i mtmmiemictive

0 � 2 species, or whctimcr 2-mercaptoetlminmol reacts
.j �0 � sonue way �mitlm DNA to render it nmome

Li � susceptible t-(I time mcfioni of bleoimmycinu. It is

A � � � kmiownm that DNA imeubmited mvith 2-nulcrcail-

0 � -� � _ toefhminmol, follomved by olialysis, is remiolihy

degraded by time subsequent- muldit-ioni of

bleomycin alonme (16). Hommcvcr, thmis I)1(’�

linmmimuiry treatnmmenmt of I)NA wit ii 2-nmo’rcap-

toetiimimiol, follommcd by matimer ext emmsive

olimihysis, still yiclols time smimume teimmpermitinte

prodile sli(Iwmm inn Fig. 3;’ i.e., time bleonuycinm is

immaetivmufcol at time huigiuo’r temperatures.

1 rommm timis it- mvounld appemir either tiumut time

2-mercmuptoef-imanmol is mmot emisily dumulyzed

awmi\ I rolm time I)NA or thmnt time reictionm of

2-nmmercmiptoctimmummol mvitim 1)XA remmders time

I) NA CmtI)mible of inuact ivmit mug bieommmycimm.
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I

Thus I)Oiflt is ummder investigafiomi. In any

cmuse it- is mippmiremut that 2-mercmuptoctlmmun-iol is

n-iot required for bleomycin-induced DNA

fragmenmtmitiomm.
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