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Abstract: The activity of FR66979 as a DNA-DNA interstrand cross-linking agent in the absence of 
exogenous reducing agents was re-examined. Samples of FM6979 prepared by hydrogenation of FFGOO482 
(H2/pd-C) were quite active whereas reduction of FWOO482 with sodium borohyclrlde afforded inactive or very 
weakly active FR66979 samples. Rigorous purification of FR66979 from either source abolished the observed 
cross-linking activity thus indicating that FR46979 does not efficiently cross-link DNA in the absence of 
exogenous reducing agents. LC-MS analysis of active samples indicated the possible presence of the over- 
reduced impurity 3, Wow. The DNA-DNA cross-link arising from the same sample was identical in structu~ 
to that formed by reductively activated FR66979. 

Our two laboratories have independently studied in vim the DNA-DNA interstrand cross-linking 

reactions of the antitumor antibiotics FR900482 (1) and FR66979 (2),‘-“ Goto and Fukuyam$ have proposed 

that FR900482 experiences reductive activation in vivoe (Scheme 1). This proposal holds that reduction of the 

N-O bond initiates a reaction cascade which ultimately yields a mitosene-like nucleus (4) presumed to cross-link 

DNA in subsequent reactions analogous to those of reductively activated mitomycin C.7 Indeed, both 

laboratories have observed DNA-DNA interstrand cross-linking by FR900482 only upon addition of exogenous 

reducing agents such as thioll or dithionite .2 In contrast, divergent conclusions were reached concerning 

FR66979: one laboratory found highly efficient interstrand cross-linking in the nbsence of an exogenous 

reducing agent,‘9 while the other foundreductive activation to be essential.2.4 We have now aaced the source 

of this discrepancy to the diffkrent methods of preparation of FR66979 employed by the two groups. 

Scheme 1, Propsed Mechanism of Reductive Activation of lWX10482 and FRti979. 
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Due to its low abundance from fermentation, FR66979 was prepared by reduction of the more avaitable 

FR900482 with sodium bc&ohydride or H2/Fd-C!. 1 By chance, prior to this study, the two laboratories had 

selected different reductanto, and had each relied solely upon the one source. Each group has now repeated, in 

part, the work of the other, #onfiing the observations previously described: FM6979 samples derived from 

hydrogenation efficiently cross-Iinked DNA without cm exogenms reductunt; samples prepared by NaB& 

reduction were either inacti\fe or only very weakly active without an exogenous reductant. 

The differing activ+y levels of these samples did not reside in ,the structures of the most abundant 

components as evidenced 

d: 

y TLC, HPLC. UV, and 1H NMR analyses8 of the crude reaction products and 

materials purified by PTL .g However, HPLC and LC-MS analyses did reveal the presence of other minor 

contaminants in the crude p ucts from both sources. Several observations suggested that one or more of these 

contaminants was respons’ le for the cross-linking activity of F’R66979 samples in the absence of reducing 

agents. Firstly, reduction $” f FR900482 with H$Pd-C at 90 psi rather than 1 atm afforded significantly more 

active cross-linking agent, despite the fact that both reactions produced predominantly FR66979 (Figure 1). 

Secondly, allowing FR669 9 prepared by hydrogenation to stand for several days in aqueous solution greatly 

reduced or elimin+d the cross-linking activity, despite the persistence (NMR, TLC, HPLC analyses) of 

FR66979 (data not shown) Finally, exposure to methanolic silica completely abolished cross-linking activity 

f 

while leaving FR66979 in (data not shown). Given that a 200: 1 ratio of drug to DNA duplex was employed 

in cross-linking experime ts, a contaminant of only 0.5 mole-%, an amount easily overlooked by standard 

analytical methods, could lly account for the observed cross-linking activity. We have thus conducted a side- 

by-side comparison of vari usly derived and processed FR66979 samples. 
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F3gul-e 1. Effect of 6979 source, purification status, and addition of reducing agent on DNA-DNA 
DPAGE of cross-linking reaction of 5’-sap-labeled 5’- 

d(TGTTGAATACTGAT WCTCTTGCNZAGGG) 10 its complement by PR66979. Purification refers to PTLC. 
The two band pattern cross-links possibly reflects the presence of orientation isomers, but 

entally demonstrated. 
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FR66979 samples were assayed for interstrand cross-linking activity in a 31-mer duplex using 

denaturing polyac~~lamide. gel elcctrophoresis (DPAGE) (Figure 1). Crude and PTLC purified FR66979 

prepared by NaBG reduction of FR900482 did not appreciably interstrand cross-link the DNA studied, 

whenas crude material from hydrogenation was highly active. Purification of this material by PTLC abolished 

cross-linking activity.g*iO Thus, FR66979 could not have been the source of cross-linking activity. This 

finding, together with the previously established inactivity of the starting material PR900482. suggested that the 

activity of the crude samples must have resided in some by-product of the hydrogenation which was inactivated 

by FTLC, either by separation or degradation of the active species. It was unlikely that the samples which were 

inactive were contamiuated with some unspecified inhibitor of cross-linking. because PR66979 from all sources 

was active in the presence of the exogenous n&ctant ditbiothreitol.*.4 

The conclusion that it was some as yet unidentified substance rather than FR66979 which was 

responsible for the high cross-linking activity of the hydrogenation product was supported by several additional 

findings. Firstly, fractionation of this material by HPLC followed by assay for cross-linking activity traced the 

majority of the activity to a peak corresponding to the minor diastereoisomer of FR66979. The peak containing 

the major diastereoisomer of FR66979 was much less active. Because these two diastereoisomers rapidly 

equilibrated to a mixture of the two, some impurity which coeluted with the minor diastereoisomer was 

implicated as the active component. in fact, more thorough HPLC analysis of the active fraction revealed the 

presence of substances other than FRW979. LC-MS analysis of the hydrogenation reaction mixture afforded 

ions of m/e 307 @otentially 3aI3b) from eluant close to that contaiting both of the two diastereoisomers of 

FR66979. No evidence has been obtained for the presence of a mitosene-like substance such as 4 in FR66979 

samples from any source. Efforts to further purify and characterize the active substances are underway. 

t5H,0~ 

5 (dR= P-D-2-deoxyribofuranosyl) 

Secondly, we have characterized the lesion responsible for the cross-link and found it to be identical to 

that derived from re&ctiveCy activukf FR66979. The self-complementary 14-mer Y-d(ATAATACGTATTAT) 

was interstrand cross-linked with crude FR66979 from hydrogenation (14 psi). The interstrand cross-linked 

product was isolated from DPAGE and digested as previously describcd.2.4 The resulting mixture was 

compared with the corresponding hydrolysate from the same DNA cross-linked using dithionite-activated 

FR66979 prepared by sodium borohydride reduction. Rigorous structural characterization had previously 
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proven the latter to contain substance 5, fully consistent with the reductive activation hypothesis in Scheme 1.4 

The lesions from these two ~sourccs possessed identical HPLC retention times, and gave essentially identical LW 

spectra and electrospray itization mass spectra. indicating the identity of the covalent structures of the cross- 

links formed by these two ipreparations. It is difficult to imagine how FR66979 itself could yield this lesion, 

which is instead most comfiatible with some product of over-reduction such as 3 or 4 being responsible. 

The simplest expla+ion of all these data is that FR66979 itself is nor an efficient DNA interstrand cross- 

liiking agent in the absebce of an exogenous reductant and that the activity of FR66979 prepared by 

hydrogenation results from some by-product of that reaction. 

1 

The structure of this highly active agent is not yet 

established, but is in all Iii! lihcml reduced relative to FR66!479 given the structure of the cross-link. Whether 

this substance is produced From FR66979 in the hydrogenation medium or by some other pathway11 remains 

unclear. As this substance &can to exhibit at least modest stability, its structure may emerge in due course. 
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For the PlzC purif$ations, only the major. less mobiie component of the diastereoisomeric mixture was 

removed from the1 TLC plate. This material rapidly equilibrated to reform the origintd pair of 

diastereoisomers. 

Both laboratories yve occasionally encountered minute residual activity in samples of PTLC purified 

FR46979 from hyd#ogenation. We attribute this to incomplete removal or incomplete decomposition of 

the active contaminpt. 

*RMW) have demonstrated that addition of Pd-C to previously inactive (PTLC and 

79 in 200 mM Tris buffer under aerobic conditions affords a highly active DNA- 

DNA intentrand c*s-linking agent. The mechanism for this activation is cufTentiy being investigated. 
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