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Summary 
Sodium [2-13C,2-2H,]acetate was incorporated into cytochalasin B (1) by Phoma 

exigua and into cytochalasin D (2) by Zygospovium masonii. The 13C-NMR. and 
2H-NMR. of the metabolites showed that most of the deuterium was lost except at 
carbon atoms which are in polyketide chain-initiating units. 

Cytochalasins B (1) and D (2) are members of an expanding*) class of microbial 
metabolites which display a large variety of useful biological effects, i nch ing  
the ability to extrude viable cell nuclei [3]. Their importance as tools in cell biology 
has stirred interest in chemical synthesis [4] and microbiological production [5] of 
these compounds, with special emphasis on generation of functionally modified or 
isotopically labelled derivatives. Our previous biosynthetic studies determined that 
both 1 and 2 are formed from L-phenylalanine, several one C-atom units originating 
from methionine, and nine intact acetate units [6 ] .  The present work deals with 
incorporation of doubly-labelled sodium [2-I3C, 2-2H3]acetate into cytochalasins 
B (1) and D (2), and with detection of differential exchange of the deuterium by 
2H-NMR. and I3C-NMR. 

The realization that the fate of H-atoms during biosynthesis of secondary 
metabolites offers valuable mechanistic insights has led to expanded use of 
2H-NMR. and 3H-NMR. spectroscopy in recent studies [7-91. However, the lack of 
sensitivity due to the quadrupolar nature of deuterium and safety considerations 
for the radioactivity of tritium frequently require relatively high incorporation of 
precursor into product. These problems can be partly circumvented by the use of 
precursors labelled with both 2H and 13C [lo]. C-atoms bearing deuterium are 
easily detected in 'H-decoupled I3C-NMR. spectra because of isotope shift, 
spin-spin coupling, quadrupole broadening, and reduced nuclear Overhauser effect 
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Recent additions to this class of compounds include the aspochalasins [1] and chaetoglobosin K [2]. 
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1 Cytochalasin B 
0"i 

2 Cytochalasin D 

[ 111. Application of this methodology to polyketide biogenesis by incorporation of 
sodium [2-13C, 2-2H3]acetate supported an earlier report [9] that considerable 
hydrogen exchange can occur during formation of C-chains by the acetate/malonate 
pathway [12-151. Although protium can also be used as a tracer, as demonstrated 
by incorporation of sodium [ 1, 2-13C2, 2-'H,]acetate into citrinin in a D20 medium 
[16], the prohibitive cost of large scale fermentations and reduced yield due to 
biochemical isotope effects pose severe problems3). 

Sodium [2-13C, 2-2H3]acetate (isotopic purity 93% 13C, 98% 2H) was prepared 
by exchange [ 181 of commercially available [13C]acetate and incorporated into 
cytochalasin D (2) by a growing culture of Zygosporium masonii. The 13C-NMR. 
spectrum of 2 showed that the signals for C(6), C(8), C(14), C(16), C(18), C(20) 
and C(9) were strongly enhanced sing1e:s [19], but that the peaks for C(11) and 
the methyl of the 0-acetyl group appeared as natural abundance singlets super- 
imposed on small multiplets. Examination of the 'H-decoupled ~ O . ~ - M H Z - ~ H -  
NMR. spectrum confirmed that deuterium was primarily localized at these two 
C-atoms. Both the 0-acetyl methyl and C(11) appeared as I3C-coupled doublets 
of J =  20.3, 19.0 Hz, respectively. Since no other deuterium signals were observed, 
the other hydrogen-bearing carbon atoms originating from C(2) of acetate had 
exchanged most if not all of their deuterium during biosynthesis. Incorporation 
of sodium [ l-13C, 2-2H3]acetate into cytochalasin D (2) by Z. masonii gave the 

3, C j  Recent review by Carson di Sfuunfon on new NMR. methods for tracing the fate of hydrogen 
in biosynthesis [ 171. 
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expected enrichments [19] of I3C at C(1), C(5), C(7), C(13), C(15), C(17), C(19), 
C(21) and the carbonyl C-atom of the 0-acetyl group, but no deuterium label 
could be detected at any of these C-atoms. This suggests that either intramolecular 
1,2-shifts of hydrogen do not occur on the polyketide part of the molecule 
during biosynthesis, or that exchange with medium must precede such shifts. 

Commercially available sodium [2-I3C, 2-2H3]acetate (isotopic , purity 90.1% 
13C, 98% 2H) was incorporated into cytochalasin B (1) in the presence of un- 
labelled malonate using Pkoma exigua. Isolation of the metabolite and measure- 
ment of the 'H-decoupled I3C-NMR. spectrum showed that C (6), C (8), C (9), 
C(14), C(16), C(18), C(20) and C(22) were strongly enhanced singlets4), but that 
C (  11) was a natural abundance singlet superimposed on a deuterium-coupled 
multiplet. Although it was not possible to obtain good 2H-NMR. spectra, the 
I3C-NMR. clearly demonstrated that most of the deuterium label had been ex- 
changed during biosynthesis except for that at C (1 1). Thus in both 1 and 2 only 
the starter units of the acetate/malonate polyketide retain large amounts of 
hydrogen label. 

Our results support the proposal of Staunton et al. [ 121 that [2-I3C, 2-2H,]acetate 
can be used to identify these starter units. One deuterium can of course be lost 
from acetate units which are incoporated as malonate during the dehydration step 
of normal fatty acid biosynthesis [2 11. Apparently a non-stereospecific hydrogen 
exchange which occurs at a post-malonate stage [22] may account for most of the 
remaining deuterium loss. Recent work on palmitate biosynthesis showed that the 
smallest amount of hydrogen exchange occurred at the methyl C-atom (starter 
unit), the next acetate unit suffered the maximum amount of label loss, and 
succeeding units retained progressively more label [ 151. This type of hydrogen 
exchange may also be a complicating factor in studies on enoyl reductase in which 
the yeast enzyme [23] and the E. coli enzyme [24] appear to operate with different 
stereochemistry . 

The support of these investigations in Basel (Ch. T.) by the Schweizerischer Nationalfonds zur 
Forderung der wissenschaftlichen Forschung (Projects No. 2.629.0.76 and 2.158.0.78) and in Edmonton 
(J. C. V.) by the Natural Sciences and Engineering Research Council of Canada (NSERC Grants 
A0845 and SMI-29) is gratefully acknowledged. 

Experimental Part 

The general experimental procedures for incorporation of labelled precursors into cytochalasins 
B (1) and D (2) by Phoma exigua and Zygosporium masonii have been described [6] [20]. In the feeding 
experiment of cytochalasin B (1) the culture medium (3 1) was treated with 770 mg [2-13C,2-2H3]acetate 
and 3 15 mg malonic acid per liter, the pH was adjusted with 1 N NaOH. 

We thank Dr. H. Lichti, Sandoz AG., Basel, for mass spectral measurements (CEC 21-100B 
instrument) for determinations of isotopic content. 

The I3C-NMR. spectra were measured on Bruker WH90 and WH400 spectrometers, 2H-NMR. 
spectra were obtained on Bruker WH90 and WH200 spectrometers. We are grateful to Mr. K. Aegerter 

4, The mode of incorporation of sodium [2-I3C]acetate into cytochalasin B (1) by Phoma has been 
reported [20]. 
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(University of Basel), Mr. G. Bigam and Dr. T. Nakashima (University of  Alberta) for making these 
measurements. 

Sodium [2-13C,2-2H3]acetate was purchased from Prochem-British Oxygen Company Ltd. for the 
incorporation into cytochalasin B (1) or was prepared by repeated exchange (7 days, 150”) of com- 
mercially available (Prochem-British Oxygen Company Ltd.) sodium [2-I3C]acetate (93% isotopic purity) 
with 4 0  [IS] for the incorporation of cytochalasin D (2). Sodium [l-13C,2-2H3]acetate was synthesized 
in an analogous manner. 
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