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The free chromophores isolated from the antitumor protein antibiotics, auromomycin 

(AUR) and macromomycin (MCR), were rapidly inactivated by incubation in serum-containing 

medium at 37•‹C in the dark with respect to cytocidal activity to human lung carcinoma A549 

cells. Under the same conditions, the intact antibiotics, their pronase-hydrolysates and re-

constituents from the chromophores and apo-proteins were stable. Intact and reconstituted 

AUR and MCR were more resistant to pronase digestion than the apo-proteins. The analyses 

of the pronase-hydrolysates of AUR and MCR by SDS-polyacrylamide gel electrophoresis and 

ultrafiltration showed that the antibiotics (13 kilodaltons (kDa)) were degraded to produce pe-

ptide fragments (1•`3 kDa) in which most cytotoxicity of the pronase-hydrolysates resided. 

The pronase-hydrolysates exhibited a differential cytocidal activity to normal diploid fibroblasts 

(W138), their SV40-transformants (VA13) and carcinoma cells (A549) of human lung origin as 

was observed for the intact antibiotics. 

These results indicate that specific interaction between the chromophores and the pronase-

resistant peptide segments (1 •` 3 kDa) of the protein moiety stabilizes the cytocidal activity of 

the chromophores and also protects the peptide segments from pronase digestion. 

Auromomycin (AUR) and macromomycin (MCR) are antitumor antibiotics1,2) composed of poly-

peptides of similar amino acid compositions (molecular weight of 11,700) and non-protein chromo-

phores.2•`5) The pronase-hydrolysates of AUR have been shown to inhibit the growth of mouse 

lymphoblastoma cells and cause strand scission of isolated PM2 DNA to the same degree as the intact 

antibiotic.6) We have found that most of the chromophores of MCR are more intensely bound than 

those of AUR to the protein moiety, whose major parts form antiparallel n-pleated sheets.7) Parts of 

the protein moiety interacting with the chromophores have not been characterized. In the preceeding 

paper,8) we have shown that AUR and MCR exhibit a differential cytocidal activity to normal diploid 

fibroblasts, their SV40-transformants and carcinoma cells of human lung origin, and this differential 

cytotoxic effect is solely attributed to the chromophore moieties. 

In this paper, we show that the chromophores of AUR and MCR are stabilized by interacting with 

the 1 •` 3 kdalton (kDa) pronase-resistant peptide segments of the protein moieties, which are protected 

from pronase digestion by interacting with the chromophores. We also show that the pronase-hydroly-

sates of AUR and MCR, which are as stable as the intact antibiotics, exhibit a differential cytocidal acti-

* This work was in part presented at the 102nd Annual Meeting of the Pharmaceutical Society of Japan
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Abbreviations: AUR, auromomycin; MCR, macromomycin; hyd, pronase-hydrolysate; chr, chromophore; 

apo, apo-protein; rec, reconstituent; TNBS, 2,4,6-trinitrobenzenesulfonic acid; PSS, physiological salt solution; 

D10, 10% survival dose.
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vity to normal, transformed and carcinoma cells.

Materials and Methods

Materials 

AUR and MCR were generously provided by Kanegafuchi Chem. Ind. Co., Ltd., Takasago, Hyogo, 

Japan. Pronase E (106 tyrosine units/g) was purchased from Kaken Chem. Co., Tokyo. 2,4,6-Trini-

trobenzenesulfonic acid sodium salt (TNBS) of the biochemical grade was obtained from Wako Pure 

Chem. Ind. Ltd., Osaka. 

Cell Culture 

Three monolayer human lung cell lines, normal diploid fibroblasts WI38,9) their SV40-transformants 

VA1310) and carcinoma cells A54911), were cultivated as described in the preceding paper.8 

Determination of Cytotoxicity of AUR, MCR and Their Derivatives 

The cytotoxic effect of the antibiotics was determined by the direct colony formation assay as previ-

ously described.8) The cells were treated with the antibiotics for 2 hours at 37•‹C in the dark. After 

the treatment, the antibiotic-containing medium was drained and the cells were developed for 12 days in 

fresh medium. 

Hydrolysis of AUR and MCR with Pronase 

The antibiotics (1 mg/ml) were incubated with pronase E (1 mg/ml) in 0.02 M Na-phosphate buffer 

(pH 7.5) at 37•‹C for 24 hours in the dark. 

Extraction of Chromophores from AUR and MCR 

The chromophores of AUR and MCR were extracted from the lyophilized antibiotics with me-

thanol and ethanol precooled at -20•‹C, respectively, in the dark as previously described.8) Amounts 

of the chromophores, apo-proteins and pronase-hydrolysates were expressed as equivalent weights of 

intact AUR and MCR before the extraction and proteolysis. 

SDS-Polyacrylamide Gel Electrophoresis 

The electrophoresis was performed essentially as described by SHAPIRO et al. 12) Fifteen percent poly-

acrylamide slab gels (bis : acrylamide, 0.8: 30 w/w) were used to retain low molecular weight peptides. 

Cupric acetate (0.1 %) was added to dye solutions to improve staining of small peptides. 

Determination of N-Terminal Amounts of the Pronase-hydrolysates 

Concentrations of N-terminals produced by proteolysis were colorimetrically determined by the 

TNBS method,13) by using L-leucine for calibration. The amino-group amounts were corrected by sub-

tracting the control values of pronase alone at various incubation times. 

Stability of Cytocidal Activity of AUR, MCR and Their Derivatives 

The antibiotics and their derivatives (8 ,ug/ml) were preincubated at 37•‹C in Eagle MEM sup-

plemented with 10 % fetal calf serum and 10 mM HEPES (Medium I) or methanol for up to 5 hours. 

At various times, samples were administered to A549 cells in the logarithmic phase. After a treatment 

period of 40 minutes, cell survival was determined by the colony formation assay as described above. 

The drug concentrations were chosen to give the surviving fractions of approximately 2 x 10 -1 without 

preincubation : MCR and its reconstituent, 80 ng/ml ; chr-MCR, 390; hyd-MCR, 140; AUR and its 

reconstituent, 3.2; chr-AUR, 42; hyd-AUR, 5.1. 

Reconstitution of AUR and MCR from the Chromophores and Apo-proteins 

One volume of concentrated chromophore solutions (100 mg/ml) in methanol or ethanol was mixed 

with four volumes of apo-protein solutions (12.5 mg/ml). The mixtures were gently stirred at 0•‹C for 

5 minutes and left at -20•‹C for 15 minutes. This procedure was repeated once again. The solutions 

(0.3ml) were applied to Sephadex G-25M columns (1.6 x 5.4 cm, PD-10, Pharmacia Fine Chem.) which 

had been equilibrated with PSS. Elution was performed with PSS in 4 minutes, by monitoring absorp-

tions at 273 and 347 nm. The procedures were performed in the dark with ice-cold solutions.
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   Cytotoxicity of < 1 kDa- and 1 N 5 kDa-Fractions of the Hydrolysates of AUR and MCR 

   One ml of the pronase-hydrolysates of AUR and MCR was diluted 10-fold with 0.02 M Na-phos-

phate buffer, pH 7.5. The hydrolysates were ultrafiltered on an Arnicon molecular sieve membrane, 
Diaflo YM5 (fractionation molecular mass : 5 kDa) at 5°C in the dark. The filtrates were ultrafiltered 
again on an Amicon membrane, Diaflo UM2 (1 kDa). The condensates (1 N 5 kDa) and filtrates (<1 
kDa) were incubated at 37°C for 1 hour in Medium I to inactivate the free chromophores that might be 
contained, and then administered to A549 cells.

Results

       Hydrolysis of AUR and MCR with Pronase and Cytotoxicity of the Hydrolysates 

    AUR and MCR were treated with pronase to digest the protein moieties of the antibiotics. The 

intact antibiotics were degraded at a substrate-enzyme ratio of 1: 1 (w/w), but scarcely degraded at a 

ratio of 100: 1 (data not shown). Under these conditions, the materials of 6-9 kDa were observed at 

zero time in SDS-polyacrylamide gel electrophoregrams (Fig. 1). AUR, MCR and their apo-proteins 

as well as the materials of 6 N 9 kDa decreased in the course of pronase digestion. No degradation pro-

ducts were detected in the range of 3 - 6 kDa in the presence or absence of 2-mercaptoethanol which 

might have reduced the disulfide bond in the molecules. These results suggest that the protein moie-

ties degraded to below 3 kDa after 24-hour digestion. 

   The apo-proteins of AUR and MCR were not detectable at the position of the intact molecules after 

24-hour digestion, whereas trace amounts of intact AUR and MCR were not degraded. The greater 

sensitivity of the apo-proteins was also evident from the more rapid increase in free N-terminals by 

peptide bond breakage with pronase (Fig. 2). The antibiotics which were reconstituted by addition of 
the chromophores to the apo-proteins, showed pronase-resistance comparable to that of the intact anti-

biotics. The results indicate that the decreased pronase-resistance of the apo-proteins was not due to 

protein denaturation by the alcohol treatment at the time of apo-protein preparation, but rather to loss 

of interaction with the chromophores. 

   The hydrolysates of AUR and MCR obtained by pronase digestion for 24 hours exhibited a greater

 Fig. 1. SDS-Polyacrylamide gel electrophoresis of pronase-hydrolysates of AUR and MCR. 
   The intact antibiotics and apo-proteins were digested with pronase at 37°C for the indicated 
periods. Protein molecular weight standards are A and B chains of bovine insulin (3,000 daltons), 
bovine trypsin inhibitor (6,200), cytochrome c (12,300), j3-lactoglobulin (18,400), a-chymotrypsin 
(25,700) and ovalbumin (43,000).

 AUR 1 0 1 3 24 0 1 3 21 
Pronase Time (hours) 

         AUR apo-AUR 
           + + 

         Pronase Pronase

MCR 1 0 1 3 24 0 1 3 24 
Pronase Time (hours) 

        MCR apo-MCR 
          + + 

       Pronase Pronase
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Fig. 2. Time course of increase in N-terminals by 

pronase digestion of AUR, MCR and their deriva-

tives. 

The amino groups of hydrolysates were deter-

mined by the TNBS method. Each point is the 

average of duplicate tubes in the experiments that 

were repeated twice. The molar ratio of N-termi-

nals in 24-hour pronase digestion to all the amino 

acid residues of the protein were: AUR, 46±5 %; 

apo-AUR, 84•}4%; rec-AUR, 52•}4%; MCR, 

60•}3%; apo-MCR, 84•}3%; rec-MCR, 61•}5%.

Table 1. Ten percent survival doses of AUR, MCR 

and their pronase-hydrolysates to three human cell 

lines determined by colony formation assay.

The D10 values were obtained from Fig. 3. 

cytocidal activity to carcinoma A549 cells or SV 

40-transformants VA13 than to normal W138 

cells as was observed for the intact antibiotics, 

although the cytocidal activity was slightly less 

than that of the intact antibiotics (Fig. 3). Pro-

nase alone was not cytotoxic at 200 ng/ml (data 

not shown).

Stability of Cytotoxicity of AUR, MCR 

and Their Derivatives 

Intact AUR and MCR retained most of the 

cytotoxic activity after incubation at 37•‹C in the

serum - containing medium (Fig. 4). The chromophores were rapidly inactivated in the same medium but 

stable in methanol. On the other hand, the hydrolysates of the antibiotics retained most of the cytotoxic 

activity after incubation for 5 hours. Moreover, the inactivation kinetics suggest that the chromophore

Fig. 3. Cytotoxicity of the hydrolysates of AUR and MCR. 

The antibiotics were digested with pronase at 37•‹C for 24 hours. Each point represents the 

average of four dishes in the experiments that were repeated twice.

W138 VA13 A549 W138 VA13 A549

Auromomycin (ng/ml) Macromomycin (ng/ml)
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Fig. 4. Time course of inactivation of AUR, MCR and their derivatives. 

The intact antibiotics, their chromophores, hydrolysates and reconstituents were preincubated 

for the indicated periods and assayed for their cytotoxicity to A549 cells. The ordinate means 

a surviving fraction calculated by standardizing the surviving fraction (about 2 x 10-1) at zero time as 

1, which is designated as •grelative surviving fraction•h. Hyd-apo-AUR and hyd-apo-MCR re-

present the hydrolysates of apo-proteins of AUR and MCR which were digested with pronase at 

37•‹C for 8.2 hours and 13.7 hours, respectively. These digestion times were chosen to give similar 

extents of hydrolysis to those of 24-hour digested hydrolysates of AUR and MCR.

Preincubation time (hours)

of AUR is more labile than that of MCR in methanol and in the serum-containing medium. In contrast, 

the intact and reconstituted forms of AUR were more stable than those of MCR. The chromophores 

of AUR and MCR were greatly stabilized by the apo-proteins to almost the same degree as the intact 

antibiotics, but not stabilized by pronase-treated apo-protein fractions. These results indicate that the

chromophores are stabilized through their specific 

interaction with the protein moieties.

Cytotoxicity of <1 kDa- and 

1 •` 5 kDa-Fractions of the Pronase-

hydrolysates of AUR and MCR 

The pronase-hydrolysates of AUR and MCR 

were fractionated by ultrafiltration to < 1 kDa-

and 1 N 5 kDa-fractions. The < 1 kDa-fractions 

showed no cytotoxicity. The 1 - 5 kDa-fractions 

of AUR and MCR exhibited D10's of 1.6 and 61 

ng/ml, respectively (Fig. 5), which were com-

parable to D10's of the unfractionated hydro-

lysates of AUR and MCR (1.3 and 45 ng/ml, re-

spectively) (Fig. 3) and greater than D10's of the 

intact antibiotics (0.9 and 25 ng/ml, respectively). 

Free chromophores that may have remained in 

the hydrolysates were selectively inactivated by 

incubation at 37•‹C for 1 hour in the serum-con-

taining medium (Fig. 4) before the cytotoxicity 

assay. The results confirmed that there existed

Fig. 5. Cytotoxicity of < 1 kDa- and 1 - 5 kDa-

fractions of the hydrolysates of AUR and MCR. 

The pronase-hydrolysates of AUR and MCR 

were fractionated to < 1 and 1 N 5 kDa-fractions by 

ultrafiltration on the two molecular sieve membranes. 

The two fractions were administered to A549 cells 

after incubation at 37•‹C for 1 hour in Medium I. 

Each symbol represents the average of triplicate 

dishes.

Auromomycin (ng/ml) Macromomycin (ng/ml)
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active 1 •` 5 kDa-peptide-chromophore complexes in the pronase-hydrolysates of AUR and MCR.

Discussion

The free chromophores are labile in the serum-containing medium (Fig. 4). The free apo-proteins 

are also less resistant to pronase digestion than the intact antibiotics (Figs. 1 and 2). On the other hand, 

the intact and reconstituted antibiotics are stable in terms of cytotoxic activity and more pronase-resist-

ant. These results indicate that specific interaction between the two components makes the chromo-

phore moiety stable and also the protein moiety so tightly folded as to be more resistant to pronase. 

The inactivation kinetics showed that the chromophore of AUR was more rapidly inactivated than 

that of MCR (Fig. 4). The greater instability of the chromophore of AUR is also indicated by the higher 

ratio of 10% survival dose (D10) of the chromophore of AUR to D10 of intact AUR than that of D10 of 

the chromophore of MCR to D10 of intact MCR.8) 

We have found that the IR and CD spectra of the two chromophores are different,7) suggesting that 

the two chromophores are different in chemical structures. However, they may resemble each other in 

the light of the results by NAOI et al.,5) that the two chromophores give similar elution profiles in high 

pressure liquid chromatography and antibacterial spectrum. 

The SDS-polyacrylamide gel electrophoregrams of the pronase-hydrolysates of the antibiotics 

suggest that the antibiotics are degraded to below 3 kDa after 24-hour digestion (Fig. 1). The hydroly-

sates retain the greater part of the differential cytocidal activity of the intact antibiotics (Fig. 3) and are 

much more stable than the free chromophores (Fig. 4). However, the pronase-hydrolysates of the apo-

proteins, whose N-terminal amounts are similar to those of the hydrolysates of the intact antibiotics, 

can not stabilize the chromophores (Fig. 4). Most of the cytocidal activity of the hydrolysates resided in 

the 1 N 5 kDa-fractions obtained by ultrafiltration (Fig. 5). The results indicate that whole protein mole-

cule is not required for stabilizing the chromophores and peptide segments of 1 •` 3 kDa are satisfactory. 

The peptide segments may be rendered resistant to pronase through specific interaction with the chromo-

phores. 

Microbial proteins of 13 kDa such as intact AUR and MCR may show antigenicity when injected 

repeatedly for cancer treatments. The pronase-hydrolysates of AUR and MCR, exhibiting differential 

cytotoxicity and stability comparable to those of the intact antibiotics (Table 1 and Fig. 4), may show 

lower immunogenicity because of their reduced molecular weights.
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