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Abstract& Blcornycin (BLM) inhibits DNA and RNA synthesis in different isolated enzyme systems. The 
inhibition effect can be reduced b! adding RNA to rhe reaction mixture. The activity of the RNA depen- 
dent DNA polymerase and ofa cell-free protein synthcsiring system is not affected by BLM. The antibiotic 
reduces cell proliferation (L5l7Xy mouse lymphoma cells) ill vitro at low concentrations by cytostatis and 
at higher concentrations by cytotoxicit\.. In BLM-treated L5 17x1 cells DNA synthesis is strongly reduced. 
while RNA and protein synthesis are not all’ected. I/I riro. using growing qua11 oviducts. cell proliferation 
and cytodifferentiation are marked11 Inhibited after BLM trsatment. This is attributed to the observed 
inhibition of DNA synthesis. RNA and protcln sbnthcsis as ~cll as gene expression arc not influenced 
by BLM under the conditions used. 

Bleomycins (BLM), antibiotics discovered by Ume- 
zawa et al. [I]. are a group of basic glycopeptides with 
known structures [2]. BLM exhibits antibacterial and 
antitumor activity irk uitm and i/l ~ico [ 1. 31. It shows 
a specific antineoplastic activity against squamous cell 
carcinomas 14, S] and squamous cell tumors [6]. 
Several features distinguish this antibiotic from other 
cytostatic agents: (1) it accumulates in special tis- 
sues [7], (2) it is inactivated at a low rate in organs with 
a high BLM concentration [7]. and (3) it prefcrentiallq 
affects such cells. whose enzyme pattern is modified bl 
oncogenic RNA viruses [X. 91. 

Previous experiments with HeLa cells i/l l,itj~) 
showed that BLM in low concentrations inhibited “H- 
thymidine incorporation into DNA. while the incor- 
poration of leucine and uridine into protein or RNA 
was unimpaired [IO]. In isolated cnryme systems. 
BLM strongly inhibits the reactions of DNA-depen- 
dent DNA polymcrase and DNA-dependent RNA 
polymerase [review. 1 I]. 

In this paper. experiments showing that DNA syn- 
thesis is the main target of BLM action. irr ~.irro as well 
as in ciao are reported. 

MATERIALS AUD METHODS 

Chmiculs. Unlabeledribo-and deoxyribonucleosidc- 
triphosphates, creatine phosphate. creatine phos- 
phokinase, DNA dependent DNA polymerase I 
(Kornberg polymerase, fraction VII). isolated from E. 
co/i according to the methods of Jovin ct al. [ 121 were 
obtained from Boehringer Mannheim. Tutzing. Ger- 
many. 3H-dCTP (sp. act. 9.3 Ciim-mole). 3H-tiTP (sp. 
act. 2.02 Cijm-mole). 3H-L-tryptophan (sp. act. 2.0 Cii 
m-mole), 3H-thymidine (sp. act. 5.0 Ci;m-mole). “H- 
uridine (sp. act. X.0 Ciim-mole). I%?-u-biotin (sp. act. 
46 mCi/m-mole). “C-~-phcnylalaninc (sp. act. 

3 IO mCi,‘m-mole) were obtained from The Radioche- 
mica1 Centre. Amcrsham. England. Clealand’s reagent 
(dithiothreitol) was from Calbiochem. Los Angeles, 
U.S.A., RNA (yeast) from Worthington, Biochemical 
Corp.. Freehold, U.S.A.. diethylstilbestrol, progester- 
one and actinomycin D from Serva, Heidelberg, Ger- 
many, DNA dependent RNA polymerase from E. coli, 
isolated according to Burgess 1131 from Miles. Kan- 
kakec. U.S.A. Bleomycin (S5-70”,,, A,. 2%32”(: BZ. 

’ I <7”,, A2 and < 1”; B,) and herring sperm DNA, iso- 
lated according to Zahn clt uI. [14]. were a gift of H. 
Mack. Illertissen. Bayern. Germany. 

EII:~,/~~(~ /)I.(‘I)LII.L(T~~~Is. The DNA dependent DNA 
polymerase (sp. act. I.9 x IO-” mole “H-dCTP incor- 
porated per mg protein in 30min) and the DNA 
dependent RNA polymerase (x-amanitin sensitive 
cnzymr corresponding to form II with sp. act. 2.3 x 
IO- ” mole 3H-UTP incorporated per mg protein in 
30 min) were isolated from L517Xy mouse lymphoma 
cells. as described [ 15. 161. Viral DNA polymerase (sp. 
act. of the RNA dependent DNA polymerase activity 
9.4 x IO- I3 mole “H-dCTP incorporated per mg pro- 
tein in 2Omin; sp. act. of the DNA dependent DNA 
polymerase activity I ,2 x IO- ” mole ‘H-dCTP incor- 
porated per mg protein in 30min) was isolated from 
purified Rauscher murine leukacmia virus (RML virus) 
from infected Balbic mice spleens 1171. The com- 
ponents for the protein svnthesizing cell free system 
were obtained from LSl7gy cells. The pH 5 fraction 
was isolated according to Stavy et a/. [lS] and the 
microsomes according to Munro et al. [19] and 
Korner [20]. 

E,~:j~ne clss~~s. The assay conditions (containing 
lOO&ml native DNA, isolated from herring sperm 
and 2 mM dithiothreitol) for determination of poly- 
merase activities from Rauscher murine leukaemia vir- 
uses as well as from bacterial and mammalian cells 
were the same as described previously [li]. The 
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1: ~/~c~~~i,iwts wit/l isoltr~r~l w~y,r~~ .s~:sru/~z.s. BLM 
rcduccs the acti\jitj of the enzymes which catalyze the 
DNA dcpendcnt nucleic acid synthesis (Table I). The 
DNA dcpcrtdc~~t DN.4 polymerases as well as DNA 

dcpcndsnt RNA pol~~~xmscs isolated from mouse 
I~~~~piwna cells and i. co/i WY inhibited by BLM to 

21 similar cutcnt. The actwit? of DNA dependent DNA 

pol>merasc from RML wuh is significantly more 
rcduccd than other DNA dcpcndcnt DNA or RNA 

pol~mcrascs. ~.hercas the RNA dependent DYA poly- 

n~r;tse rcwtion of RML virus emyne is insensitive 

to~~:trCls tix :intibiotic up to VSTL high BLM con- 

ccntrations. The BLM inhibttion oi the isolated DNA 
dqx~dcnt RNA polymer:w GIII hc counteracted by 

RN.4 (T~~hlc 1). An RNA concentration of 3 pg,:ml 
rcduccs the BLM potency to 50 per cent at a tcmplatc 
c~~iiceiitr~ttioll of 100 pg native DNA&i and 8 pg 
BLM ,111l in the prcxc:“cc of 2 mM dit~~iotlircitol. 

BLM dws not reduce the incorporation rate of “C- 

r.-phcn~ialaninc: into protein in ii cell-free system from 
L517Sq cells up to concontr;~tions ol’ I00 11% BLM/ml 

m the prcscnco of7 mM dithiothrcitol. 
Ir!/ltw~~~r~ o/I /ficlc,~ortlctlccf1/111. .syl~/lrlrr.sis 0f’ cells in 

vitro. BLh4 inhibits ccl1 proliferation of LS I7Xy cells in 
s~isp~i~si~~i~ by SO per cent of al a conccritr~tion of 

14 ig ml. and it alters the average volume. Upon incu- 

hat~on for 72 hr 11 ith the I I)~,~ concentration. the cell 
volt~me incrwscs from I436 pm” to I828 pm”. The via- 
bility of cells is not changed significantly when treated 

BLM RNA 
concentration concentralion 

(pg;!:mll (ii~ ml) 

0.0 0 
X.0 0 
X.0 5 
X-0 II) 
s.0 50 
X.0 1 00 
84 200 

Incorporation 
in per cent 
(+ SD.) 



for 72 hr even with twice the fa,,, concentration. At 
higher concentrations BLM act5 c!toto\~all~: ;~t 3 x 
12)s,I concentration the treated cells shop ;I cdl viah- 
lity of X8 & 5 per cent. The controls show ;I Liahilit! 
of 99 * I per cent. 

The effect of BLM on the synthew of DUA. RhA 
and protein with LS 17x1 cells growing expot~e~~tinll~ in 

suspension culttIre is shown in Table 3. .2t the I II<,, 
concentration BLM GI~ISCS ;I slight deuc;w in the rate 
of incorporation of lab&d thjmidin, rS.3.5 ; II”,, 01’ 
the control; control = 100 + I7”,,) into acid-lnx~luhlc 
material ; the incorporation of ‘H-uridinc 
(107.6 k 19”,,) ;~nd “H-tryptophan (92.8 _t I<,,,) dots 
not seem to be influcnccd. 2Al’tet- incubation \\ ith 
11.0 ~cg BLhq,:ml (= IO x I.I),,) the rate 01‘ DN:I sqw 
thesis is significantly reduced. uhilc RNA- and protein 
synthesis remain unchanged. 

0 1 5 8 
days 

Fig. I. ‘The inl~uence ol’ BLM on the bet ueight incl-wac 01 

oviducts from immature qualis. The animals WI-~ trwtcd 

with diethylstilbestrol for X da)s. Groups of 7 qt~ads cxh 

received intraperitoneallq 0 (Ed l ), -3 (O-- 0) or IO mg 

BLM/kg (x x ) simultancou~l~ with d~cthql~tilhea~rol. 

Each point represent5 the awragc weight from 7 qua11 o\ i- 
ducts: the standard dcviat~on i\ less th;in 20 per cent. 

Ir7rcqivYwce lCi//l w/I /‘J’“/i/c,r.trrio/i ‘/lid c.l.lo~~lf/i.l.c’r?- 

Iiutiorl m vivo. The induction of cell proliltrration and 
cytodifferentiation in _iu\enile rcproductiw tissue can 

be brought about by specific hormones. In this study 
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Table 6. Influence of BLM on avidin synthesis in oviducts of quails treated for X consecutlvc days with diethylstilbestrol. 
On the ninth day 5 mg progesterone (PROG). dissolved in 0.3 ml sesame oil were Injected into the muscle mass below 
the knee. Oviducts were removed 24 hr after progestcronc in,jrction. At diffcrcnt times prior to dccapitxtion 3 or 30 mg 
BLM;kg in 0.25 ml sulinc wcrc given either Intramuscularly (l.m.) or intr;lpcritoncallq (i.p.). as Indicated in the table. In 
one experiment actinomycin D (ACT) was administered. The avidin content in the oviducts from X animals was determmed; 

the avtxlge results are given with their- standard deviations (SD.) 

Treatment 
Dose of BLM or ACT Method of Abldin 

Progesterone (mg/kg body weight) inJcctiol1 (jcgg oviduct k S.D.) (I’,,) 

No BLM no ACT _ 

No BLM no ACT + _ 

BLM 24 hr before and 
+ 

3 
simultaneously with PROG 30 
BLM 24 hr and 6 hr before 
and 
simultaneously with PROG 

+ 30 

BLM 6 hr before and 
sinultaneously with PROG 

+ 30 

ACT 6 hr before and 
simultancouslq with PROG 

+ 0.5 

fit radioactivity of the DNA after a pulse with %thy- 

midine (Table 5), do not influence the induction pro- 
cess of avidin (Table 6). In another set of experiments 
it could be shown. that BLM does not effect the 
appearance of rapidly-labeled polyribosomal RNA 
components (Fig. 2). The parallelism between UV- 
absorbing material and the sedimentation profiles of 
radioactivity, as shown in Fig. 2, indicates that the 
determined radioactivity is closely associated with the 
polyribosomes. 

Recently it hasbeen shown [S. 351 that BLM exerts its 
effect primarily on double-stranded DNA by a de- 
crease in melting temperature. a release of thymine. 
and by strand scissions. Single-stranded DNA and 

i 6 lb 1’5 2b i5 
froctlon number 

Fig 2. Effect of BLM on polysome formation in progestcr- 
one stimulated oviduct cells. The ammals wcrc injected in- 
traperitoncally with saline or 30 mg BLIP; kg (dlssolvcd in 
025 ml saline) 2 hr prior to decapitation. The RNA was 
labelled by intraperitoneal injection of 100 IrC‘i “H-urldincl 
1 hr before. Recorder tracing ofabsorbance :It 260 m/c: poll- 

some profiles from quails treated with 0 mg BLh$ kg ( 1 
or 30 mg BLM:kp ( ). The distribution of acid-in- 
soluble radioactl\it] on the polysomes of oviducts from 
quails injected ulth saline (e -0) or 3Omg BLM kg 

(0 0) IS indicatsd. 

_ 0 0 
.~ I170 * ‘50 100 f 21 

1.11, I350 t i80 107 & 30 
i.ni. I160 + 280 ._ 99 + 24 

i.m. I IO0 _t 260 94 * ‘4 

i.p. 1220 * 380 104 f 31 

i.p. 630 _t I90 54i_ I6 

_ 

RNA are not affected by this antibiotic. In isolated 
enzyme systems BLM causes inhibition of DNA as 
well as RNA synthesis [34,9. I I]. In this paper we 
demonstrate a reduction of inhibition by co-incuba- 
tion of the DNA dependent RNA polymerase BLM 
reaction mixture with RNA. Among the DNA depen- 
dent DNA polymerases tcstcd. the enryme isolated 
from oncogcnic RNA viruses is inhibited significantly 
more than the others. At prcscnt only one explanation 
for this fact is available. Previous experiments showed 
that the BLM-modified DNA causes a non-competi- 
tive inhibition in the reaction with the DNA dependent 
DNA polymcrase from E. CW/I [I I ] as well as from 
oncogenic RNA viruses [9] ; possibly this influence on 
the cnrymr proteins exerted by the BLM-modified 
DNA is diffcrcnt in the strength. The ineffectiveness of 
BLM to caux inhibition of the RNA dependent DNA 
pol~mcrasc activity and of the incorporation of amino 
acids into protein in a cell-free system must be due to 
the failure of BLM to modify the RNA template in 
both cnryme reactions. 

With suspensions of mouse lymphoma L5178y cells 
;,I rirro as well as quail oviducts in I)&o, BLM causes 
mhlbltlon 01’ thymidine incorporation. while uridine 
and tryptophan mcorporation remains unchanged. No 
clear-cut data arc avai!able on the mode of action of 
BLM in M hole cells. From the experiments with iso- 
lated DNA dependent DNA polymerase one might 
draw the conclusion that BLM Interferes with the 
DNA synthesis during DNA replication and DNA 
repair. lndecd Terasima c’t rll. [36] determined the S- 
phase to be the step most sensitive to BLM in HeLa 
cells: in other cell lines BLM exerted the largest cell 
killing c&t in the G2 phase and in mitosis [review, 
371. Therefore the inhibition of the two DNA synthe- 
sizing systems might cause arrest of ccl1 proliferation 
as well as parasynchroniration of the cells without 
affecting cellular RNA- and protein synthesis. 

The discrepancy between the erect of BLM to cause 
inhibition of RNA synthesis in Isolated enzyme sys- 
tems and in intact cells. whcrc 110 short term inhibition 
can be found. remains unanswered. Whether the dc- 
scrihcd competition c1Tect between RNA in the BLM 
inhibited polqmcrase s\stcm maq have some biological 
sgnificancc IS the suh~cct of ;t further investigation. 
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