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Requirement for Reducing Agents in Deoxyribonucleic Acid Strand 
Scission by the Purified Chromophore of Auromomycint 

Lizzy S. Kappen, Mary A. Napier, Irving H. Goldberg,* and T. S. A. Samy 

ABSTRACT: By methanol extraction and high-pressure liquid 
chromatography a nonprotein chromophore has been obtained 
from the antitumor protein antibiotic auromomycin (AUR) 
which possesses the cytotoxic and the in vivo and in vitro 
deoxyribonucleic acid (DNA) strand scission activities of the 
parent material. The rate of DNA strand breakage by the 
purified chromophore is markedly stimulated by reducing 
compounds (maximally at -0.1 mM dithiothreitol), but DNA 
strand scission activity is lost upon pretreatment of the chro- 
mophore with these agents. Apoprotein specifically protects 

T h e  antitumor antibiotic auromomycin (AUR)' is a poly- 
peptide of molecular weight 12 500 produced by Streptomyces 
macromomyceticus, which also produces macromomycin 
(MCR) (Yamashita et al., 1979). AUR is identical with 

' From the Department of Pharmacology, Harvard Medical School, 
and thc Sidney Farber Cancer Institute, Boston, Massachusetts 021 15. 
Receicrd May 30, 1980. Supported by US. Public Health Service Re- 
search Grants G M  12573 and CA 22406 from the National Institutes 
of Health: M . A . N .  is the recipient of an IPH Fellowship. 

against such inactivation but blocks the activity of both the 
stimulated and unstimulated reactions, presumably by com- 
plexing the chromophore and making it less available to the 
target DNA. Dithiothreitol-dependent scission of DNA by 
chromophore is faster and more complete at 0 "C than at 37 
"C. The reaction at 0 "C is almost entirely dependent on the 
presence of a reducing compound. Although 2-mercapto- 
ethanol does not stimulate the reaction of either AUR or its 
chromophore at 37 "C, it has a significant stimulatory effect 
at 0 "C. 

MCR in molecular weight, isoelectric point (p l  of 5.4), and 
amino acid composition but differs from it by possessing 
UV-visible absorption above 300 nm (broad peak at  -355 
nm). AUR can be converted into a material with the chemical, 

Abbreviations used: AUR, auromomycin; NCS, neocarzinostatin; 
MCR, macromomycin; DTT, dithiothreitol; BME, 2-mercaptoethanol; 
EDTA, ethylenediaminetetraacetate; Tris, tris(hydroxymethy1)amino- 
methane. 
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physical, and biological properties of MCR by chromatography 
on nonionic Amberlite XAD-7. The relationship between 
AUR and MCR appears to be similar to that between the 
nonprotein chromophore containing protein antibiotic neo- 
carzinostatin (NCS) and its apoprotein (Napier et al., 1979, 
1980; Kappen et al., 1979; Kappen & Goldberg, 1979). We 
have proposed that in both cases it is the nonprotein chro- 
mophore that is responsible for the cytotoxic and the in vivo 
and in vitro DNA strand scission properties of the parent 
antibiotic. This prediction has been shown to be valid for NCS, 
where the apoprotein is a specific carrier for the labile chro- 
mophore and acts to protect it and control its release (Kappen 
et al., 1980; Kappen & Goldberg, 1980) for interaction with 
DNA (Povirk & Goldberg, 1980). Similarly, the nonprotein 
chromophore has been extracted from AUR, and it has been 
found to possess the biological activities of the holoantibiotic 
(Kappen et al., 1980). 

AUR, but not MCR, produces single-strand breaks in linear 
duplex and supercoiled DNA, and, unlike NCS, this reaction 
is not stimulated by 2-mercaptoethanol (Kappen et al., 1979; 
Suzuki et al., 1979); furthermore, MCR specifically blocks 
AUR-induced DNA breakage (Kappen & Goldberg, 1979; 
Napier et al., 1980). Suzuki et al. (1979) have found, however, 
that in the presence of other reducing agents, such as dithio- 
threitol (DTT) and NaBH4, relatively high levels of MCR 
generate DNA strand breaks; on the other hand, the AUR 
reaction is not significantly affected by these compounds. 

In an effort to clarify the relationship between the biological 
effects of AUR and MCR, we have isolated the nonprotein 
chromophore of AUR and have characterized its cytotoxic 
properties and its DNA strand scission activities with respect 
to reducing agents and its apoprotein. 

Materials and Methods 
MCR and AUR were obtained from Kanegafuchi Chemical 

Industries Co. through the courtesy of Dr. H. Umezawa. They 
were further purified to homogeneity, as determined by 
acrylamide gel electrophoresis and isoelectric focusing (PI 5.4), 
by chromatography on Sephadex G- 100 and DEAE-cellulose 
(T. S. A. Samy, unpublished experiments). Purified MCR 
was chromatographed on nonionic Amberlite XAD-7 to re- 
move any remaining chromophore. The conditions of the 
chromatography were identical with those described earlier 
(Napier et al., 1980) for NCS. The H,O-eluted fraction was 
used. Preparation of pMB9 DNA was as described earlier 
(Kappen & Goldberg, 1979). 

Preparation of Chromophore from AUR. AUR (2 mg) was 
extracted at 0 "C with dry, redistilled methanol (1 mL). The 
protein residue obtained after centrifugation was reextracted 
with methanol (1 mL). The combined supernatants which 
contain the nonprotein chromophore were stored at -70 "C. 
The protein residue was redissolved in distilled water and was 
stored frozen. The chromophore preparation contained a 
maximum of 5% protein contaminant as determined by the 
method of Lowry et al. (1951). 

High-pressure Liquid Chromatography (HPLC). A Model 
A2C/GPC-204 chromatograph from Waters Associates 
equipped with a Model 660 solvent flow programmer, a 
pBondapak C18 column (3.9 mm X 30 cm), a 254-nm ab- 
sorbance detector, and a Schoeffel Model SF 970 fluorescence 
detector (360-nm excitation with 41 8-nm emission cutoff filter) 
was used. 

The methanol-soluble chromophore was injected in a small 
volume and was eluted at 2 mL/min at ambient temperature 
into cold amber tubes in dim light with a concave gradient of 
35-9096 solvent B (methanol containing 0.1% acetic acid and 

0.1% triethylamine) in solvent A (20% methanol, 0.1% acetic 
acid, and 0.1% triethylamine in water). One-minute fractions 
were collected. The fractions were stored at -20 OC in the 
elution buffer until used. 

In Vitro DNA Scission. Activity was measured with su- 
percoiled pMB9 DNA (form I) as the substrate. Standard 
incubations (100 pL) contained 50 mM Tris, pH 8.0,0.25-0).5 
pg of DNA (4 X lo4 cpm/Fg), and the drug at levels given 
in the legends. In experiments where the time course of the 
reaction was followed, the volume of the reaction was increased 
four- to fivefold. Portions, removed at various times, were 
made 0.5 mM in a-tocopherol by the addition of required 
volumes of a 5 mM stock solution. a-Tocopherol inhibits any 
further reaction (Kappen et a)., 1979). After incubation (at 
37 OC unless otherwise stated), the reaction mixture was an- 
alyzed on alkaline sucrose gradients, and the percent of nicked 
(form 11) DNA was determined. Details of the procedure have 
been described earlier (Kappen & Goldberg, 1979). Control 
incubations lacking drug (with and without reducing com- 
pounds) showed no DNA strand breakage. 

In Vivo Activity of Drugs. The effect of drugs on DNA 
synthesis in HeLa S3 cells was determined as described earlier 
(Kappen et al., 1979). The cells (1 mL, 9 X 105mL) were 
preincubated with the drugs for 40 min at 37 "C before the 
addition of 0.5 pCi/mL [3H]thymidine (50 Ci/mmol). The 
radioactivity incorporated into DNA for 40 min was measured. 
The samples were processed as described by Beerman & 
Goldberg (1977). DNA strand breakage in HeLa cells ex- 
posed to drugs for 30 min at 37 "C was measured by the 
procedure described earlier (Kappen et al., 1979). The effect 
of drugs on cell growth was determined under conditions 
previously reported (Kappen et al., 1980). 

Results 
Figure 1 shows the UV-visible absorption spectra of AUR 

and the methanol-extracted chromophore. AUR exhibits 
absorption maxima at 270 nm and a broad peak at 352 nm. 
The chromophore has a broad absorption maximum at 352 
nm and a broad shoulder with a maximum at 270 nm. The 
spectrum of the residual protein after methanol extraction 
showed that -30% of the 352 nm absorbing material is still 
bound to it (data not shown). AUR has fluorescence excitation 
maxima at 280 and 360 nm with respective emission maxima 
at 340 and 430 nm. The chromophore has a single excitation 
maximum at 360 nm with maximal emission at 430 nm (data 
not shown). 

Both AUR and the chromophore induce strand scissions in 
supercoiled pMB9 DNA in the absence of reducing com- 
pounds; the chromophore is somewhat more active than AUR 
(Figure 2a). AUR and the chromophore are equally potent 
(50% inhibition was obtained at 5 X A355/mL, equivalent 
to 0.2 pg/mL AUR) in inhibiting DNA synthesis in HeLa 
cells (Figure 2b). The residual protein after methanol ex- 
traction is only 1% as active as AUR. HeLa cell growth is 
inhibited 50% by 6 ng/mL AUR and 2 ng/mL (equivalent 
of AUR) chromophore. 

In agreement with earlier work on AUR, 2-mercaptoethanol 
(BME) has no significant effect on the activity of the chro- 
mophore, but other reducing agents, such as dithiothreitol 
(DTT), NaBH,, and cysteine, stimulate the DNA strand 
scission reaction by the drug (Table I). Again, as with AUR, 
a-tocopherol is strongly inhibitory, while EDTA has no effect. 

As shown in Figure 3, the active component in the methanol 
extract can be purified and isolated by high-pressure liquid 
chromatography. DNA strand scission activity is restricted 
to the major 254 nm absorbing component (fraction number 
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FIGURE 1: Ultraviolet-visible absorption spectra of AUR and its 
chromophore. (a) AUR (1 mg/mL) is dissolved in H20.  (b) 
Methanol-extracted chromophore (equivalent to 1 rng/mL AUR) is 
dissolved in methanol. (c) HPLC-44 in 66% methanol in H20,  0.1% 
acetic acid, and 0.1% triethylamine. Spectra in acid and alkali are 
as indicated. 

44; subsequently referred to as HPLC-44); this result was 
confirmed by measuring the absorbance in individual fractions 
and by repeat high-pressure liquid chromatography of the 
fractions around and including the peak UV-visible absor- 
bance. DNA synthesis inhibitory action and DNA strand 

Table I: Effect of Different Agents on DNA Strand Scission 
Activity by AUR Chromophorea 

form I1 DNA 
formed (76) 

no addition 59 
+ 10 mM BME 56 
+1 mM DTT 100 
+ 1 mM NaBH, 85 
+ 1 mM cysteine 100 
+ 2 mM EDTA 59 
t0 .25  I I ~ M  u-tocopherol 14 

a The activity of the chromophore was assayed with pMB9 DNA 
as the substrate. The reaction (30 min) was started by the addi- 
tion of 0.001 A, , ,  unit/mL (equivalent to 4 pg/mL AUR) of 
chromophore to the rest of the components, In the absence of 
AUR chromophore, the various additions do not result in any 
DNA strand breakage. 

Table 11: Activity of HPLC-44 after Preincubation with Varying 
Levels of DTT in the Absence and Presence of MCR" 

form I1 DNA formed (%) 

-preincubation +preincubation DTT 
(mM) -MCR +MCR -MCR +MCR 

0 44 4.7 39 7 
0.1 80 65 19 62  
1.0 85 16 1.4 47 

a HPLC-44 (7.5 bL) was preincubated for 2 min at 37 "C in 62.5 
mM Tris buffer, pH 8, and DTT with and without 6 pg/mL MCR 
in a total volume of 80 pL. DNA (20 pL) was then added and the 
reaction mixture was incubated for 40  min at 37 "C. Where there 
is no preincubation, the reaction was started by the addition of the 
drug. MCR (6 pg/rnL) in the presence or absence of 1 mM DTT 
did not produce any DNA strand breakage. Based on A j j , ,  the 
HPLC-44 concentration is equivalent to 1.5 pg/mL AUR. 

scission activity in HeLa cells were also confined to fraction 
number 44 (data not shown). The UV-visible absorption 
spectra of the active high-pressure liquid chromatography 
fraction (Figure IC) resemble the spectrum of the crude 
methanol-extracted chromophore (Figure 1 b). The fluores- 
cence intensity (excitation a t  360 nm) of the active peak is 
less than that of other inactive peaks (Figure 3) and no 
tryptophan fluorescence (excitation at 280 nm) is found (data 
not shown). 

While DTT stimulates the DNA strand scission reaction 
when included in the incubation, it inactivates the isolated 
chromophore in a preincubation (Table I1 and Figure 4). 
Under similar pretreatment conditions AUR is not inactivated. 
All the reducing compounds that stimulate the reaction also 
inactivate the chromophore in a preincubation; 2-mercapto- 
ethanol which failed to stimulate at 0.02-50 mM did, however, 
inactivate at 10 mM in 50 mM Tris, pH 8.0. Neither acti- 
vation nor inactivation by DTT is affected by the addition of 
EDTA (3 mM), catalase (50 pg/mL) or superoxide dismutase 
(100 pg/mL). While MCR (freed of contaminating chro- 
mophore by XAD-7 chromatography) specifically inhibits the 
reaction in the absence of reducing agent (Figure 5), it protects 
the chromophore against DTT-induced inactivation (Tables 
I1 and 111). Neither bovine serum albumin (10-50 pg/mL) 
nor the apoprotein of NCS (10 pg/mL) has such an effect on 
the chromophore from AUR. 

The most striking effect of DTT is on the rate of DNA 
strand scission by HPLC-44 (Figure 6). The DTT-stimulated 
reaction is very fast and occurs more rapidly at 0 "C than at 
37 OC. Futhermore, the reaction is more complete (two- to 
threefold) at the lower temperature (Figure 6 and Table IV). 
Maximal stimulation at both temperatures is found at -0.1 
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FIGURE 2: (a) In vitro DNA scission activity of AUR and chromophore. In the standard incubation (30 min) the levels of drug were varied. 
Chromophore addition in methanol gave a final level of 10% methanol in the incubation. Incubations with AUR also contained 10% methanol. 
(b) Inhibition of DNA synthesis in HeLa cells by AUR and chromophore. The conditions of the assay have been given under Materials and 
Methods. Chromophore addition in methanol gave a final level of 1% methanol in the assay. The assays with AUR did not contain methanol. 
In the absence of any drug, the cells incorporated 38 697 cpm into DNA and this was not affected by the addition of 1% methanol. 
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FIGURE 3: HPLC of AUR chromophore. AUR chromophore (150 
pL) (1 mg equiv of AUR/mL in methanol) was injected and elution 
was with a gradient of 35-90% mobile phase solvent B in solvent A. 
One-minute fractions (2 mL) were collected. (-) Absorbance at 254 
nm; (---) fluorescence emission (excitation at  360 nm, with 418-nm 
cutoff filter). The fractions (15 pL) were assayed for activity in the 
standard incubation (30 rnin) with pMB9 DNA as the substrate. 
Fraction 44 (1 5 pL) produced 47% of form I1 DNA. The total 
recovery of activity was 100%. The A355 of fraction 44 is 5 X lo-'. 

mM DTT (Figure 7 and Table 11). The inclusion of excess 
(about 5: 1 with respect to chromophore) apoprotein, MCR, 
in the reaction (Table I1 and Figure 6) slows the reaction 
considerably, especially at 0 "C, although the final extent of 
DNA strand scission with DTT at 37 "C is less affected. The 
MCR effect is specific, since equal concentrations of NCS 
apoprotein or  bovine serum albumin have no effect. In the 
absence of DTT, AUR (at 3 times the equivalent concentration 
of HPLC-44) gives a time course pattern (data not shown) 
very similar to that shown for HPLC-44 in the absence of DTT 
or MCR (Figure 6). With DTT (0.1 mM) the AUR reaction 
at 37 OC is increased two- to fourfold. In confirmation of the 
results with AUR and its methanol-extracted chromophore, 
10 mM 2-mercaptoethanol failed to stimulate DNA strand 
scission by HPLC-44 at 37 OC but caused about one-third the 
stimulation of 0.1 mM DTT at 0 "C. 

Chromophore t DTT 4 

T 
M l l l , l  1 8 1  

0 2 4 6 8 1 0  

PRHNCUBATION TIME (mini 

FIGURE 4: Effect of preincubation of AUR and HPLC-44 with DTT 
on their activities. The drug was preincubated in 62.5 mM Tris, pH 
8.0, with or without 0.125 mM DTT in ice. The preincubation mixture 
with HPLC-44 and AUR contained 5% methanol. At the times 
indicated, 80 pL of the mixture was withdrawn and was assayed for 
its DNA scission activity in a 100-pL standard incubation for 40 rnin. 
In experiments where the drugs were preincubated in the absence of 
DTT, equivalent amounts of DTT were added in subsequent activity 
assays. The final level of AUR in the DNA-cutting reaction was 5 
pg/mL which, with no preincubation, produced 68% of form I1 DNA 
(100% activity). Without preincubation HPLC-44 (8 NL/lOO-pL 
incubation) generated 56% of form I1 DNA (100% activity). 

Discussion 
The extracted nonprotein chromophore of AUR possesses 

the cytotoxic and in vitro DNA damaging activities of the 
holoantibiotic. The biological activity is associated with a 
single UV-visible absorbing, but low fluorescing, peak on 
HPLC. Unlike that from NCS (Kappen et -al., 1980), the 
AUR chromophore is relatively stable in aqueous solutions at 
neutral pH values (L. S .  Kappen and I. H. Goldberg, un- 
published data). Further, in contrast to NCS, extraction of 
the chromophore of AUR by methanol is incomplete. The 
AUR chromophore also differs from that of NCS in possessing 
considerably more DNA strand-breaking activity at 37 OC in 
the absence of reducing compounds, relative to their presence, 
although both free chromophores are rapidly inactivated by 
pretreatment with these compounds, including 2-mercapto- 
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FIGURE 5: Inhibition of the DNA scission activity of HPLC-44 by 
MCR. Varying levels of MCR were added to standard incubations 
(40 min) containing 15 pL of HPLC-44. The reaction was started 
by the addition of DNA. HPLC-44 alone produced 50% of form I1 
DNA. Based on the HPLC-44 concentration is equivalent to 
3 pg/mL AUR. 

ethanol. At 0 "C, however, the AUR chromophore activity 
becomes almost entirely dependent on a reducing compound, 
and the scission of DNA is both faster and more extensive than 
at 37 O C .  The latter results may reflect the longer life of the 
activated, possibly free-radical, form of the drug at the lower 
temperature. Nevertheless, NCS (Kappen et al., 1979) or its 
isolated chromophore (Kappen et al., 1980) in the presence 
of a mercaptan is much more potent than AUR or its isolated 
chromophore as a DNA strand breaking agent in vitro, al- 
though not in vivo, suggesting that optimal in vitro activation 
conditions have yet to be found. Apoproteins of both drugs 
afforded specific protection of their respective chromophores 
from inactivation by reducing compounds and regulate the 
release of the active component for interaction with DNA. 

We find that low concentrations of DTT markedly stimulate 
the initial rate of DNA strand scission by AUR chromophore 

~ _- 
)COOc 

1001 

Table 111: Protection of HPLC-44 by Proteins against 
Inactivation by DTT' 

9% activity 
protein added recovered 

none 0.7 
MCR, 0.5 Fg/mL 15 
MCR, 2 pg/mL 52 
MCR, 10 pg/mL 78 
apo-NCS, 10 pg/mL 0.9 
BSA, 10 pg/niL 0 

aHPLC-44 (10 pL) was preincubated in 62.5 mM Tris, pH 8.0, 
and 1.25 m M  DTT with or without proteins for 1 inin at 37 "C in 
a total volume of 80 fiL. pMB9 DNA (20 pL) was then added and 
the complete reaction mixture was incubated for 40 inin. Since 
apo-NCS may have (0.5-1%) residual activity of native NCS, all 
three proteins were heated at 6 5  "C for 2 h, a treatment which is 
known to destroy NCS activity. Identical protection was ob- 
tained with MCR not subjected to heat treatment. MCR, with or 
without heat treatment, does not have any DNA scission activity 
at the level used in this experiment. In the absence of preincuba- 
tion, HPLC-44 generates 78% of form I1 DNA (taken as 100% 
activity). RSA, bovine serum albumin. Based on A i s 5 ,  the 
HPLC-44 concentration is equivalent to 2 pg/mL AUR. 

Table IV: Comparison of DNA Scission Activity of Varying 
Levels of HPLC-44 at 0 and 37 'Ca 

- --____--___I_ 

- -.-__ -_ 
_ . _ _ _ _ _ _ _ _ _ _ _ ~  

__-__ 
form I1 DNA formed (%) 

Iu L) at  0 ° C  at 37 "C 
€PLC-44 

2 37 15 
4 59 24 
6 68 37 

a The reaction mixture (100 pL) contained varying amounts of 
HPLC-44, 0.1 niM DTT, and the other components. Incubation 
was for 20 min at 0 or 37 "C. Based on A , , , ,  the HPLC-44 con- 
centration in the stock solution is equivalent to 12.5 pg/mL AUR. 

at 0 "C and somewhat less so at 37 "C, although the final 
levels of breakage with or without DTT after long incubation 
times at 37 OC are not so different (two- to threefold). Since 
removal of traces of chromophore from MCR by Amberlite 
XAD-7 chromatography results in virtually complete loss of 
DTT-stimulated DNA scission, it seems likely that this activity 
(Suzuki et al., 1979) was due to contaminating AUR. A 
similar result was obtained when the XAD-treated MCR was 

0 - 10 20 30  40 

INCUBA T/ON TIM€ (miff,' 
FIGURE 6: Comparison of the DNA scission activity of HPLC-44 at  0 and 37 OC in the presence and absence of DTT and MCR. Standard 
incubations (400 pL) were done at  0 and 37 OC with and without the indicated additions. The reaction was started by the addition of 24 pL 
of HPLC-44 to the rest of the components preequilibrated at the reaction temperature. At the indicated times 75 pL of the reaction was analyzed 
on alkaline sucrose gradients. When present, DTT was at a final level of 0.1 mM and MCR at 6 pg/mL. In (a) &A has one-third the amount 
of HPLC-44 as in 0-0. Based on A355, the HPLC-44 concentration at its higher level is equivalent to 1.2 pg/mL AUR. The same symbols 
are used in (a) and (b). 
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FIGURE 7: Effect of varying levels of DTT on DNA scission by 
HPLC-44. Standard incubations (100 wL) contained varying levels 
of D'IT. The reaction was started by the addition of 3 pL of HPLC-44. 
Incubation was for 5 min in ice. In the absence of DTT, HPLC-44 
produced less than 1% of form I1 DNA. Based on &, the HPLC-44 
concentration is equivalent to 0.6 w*g/mL AUR. 

assaye,d for DNA synthesis inhibition in HeLa cells (Napier 
et al., 1980). By the addition of excess apoprotein to the 
purified AUR chromophore, we have generated a material 
resembling MCR containing a small amount of contaminating 
AUR (Table I1 and Figure 6). As expected, in the absence 
of DTT there is no DNA strand scission due to the tight 
binding of the chromophore to the protein, but on addition of 
the mercaptan significant DNA breakage is found at 37 "C. 
At 0 OC, however, chromophore remains bound to its apo- 
protein even in the presence of DTT and shows little strand- 
breaking activity. This is true for AUR, as well as for chro- 
mophore to which apoprotein has been added. In the case of 
AUR, however, where the ratio of apoprotein to chromophore 
is lower than that in Figure 6, DNA strand scission is found 
in the absence of DTT, and its stimulation by DTT is less 
dramatic (two- to fourfold) than when the apoprotein is in 
excess. These results suggest that the active form of the drug 
generated by DTT binds less tightly to the apoprotein and is 
more available for interaction with the DNA. The question 
arises as to whether the activity found in the absence of re- 
ducing agent is due to an already reduced form of the chro- 
mophore. The findings that both DTT-independent and 
DTT-dependent activities are specifically blocked by the 
apoprotein and that they elute as a single peak on HPLC 
indicate a close, if not identical, structural relationship, but 
further experiments are required to clarify this point. 

The reason for the failure of 2-mercaptoethanol to stimulate 
the activity of AUR or of its isolated chromophore at 37 O C ,  

while other reducing agents and mercaptans do, is not clear. 
Since 2-mercaptoethanol can inactivate, it is possible that the 
lack of observable stimulation at 37 OC is a coincidence of 

equal activation and inactivation. Since significant stimulation 
is found at 0 O C ,  this explanation seems reasonable. In further 
understanding this result it will be important to determine if 
the inactivated form is generated from a labile, activated form 
of the drug or is produced by an unrelated side reaction. 

While distinct differences exist in various aspects of the 
actions and of the chemical and physical properties of AUR 
and NCS, sufficient similarities exist to permit grouping them 
into a novel family of protein antibiotics in which the apo- 
protein acts as a highly specific carrier and regulator of release 
of an active and labile prosthetic group. It is of particular 
interest that DNA strand breakage appears to account for the 
main actions of both agents. Whether this will also hold for 
other less well characterized members of this group, such as 
actinoxanthin (Khokhlov et al., 1976), sporamycin (Komiyama 
et al., 1977; Okamoto et al., 1979), and others [see Sekizawa 
et al. (1962)], remains to be determined. 
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