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tion.12 The proposed reaction must therefore fit the outline of 
eq 1. 
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The simplest model of the reagent ion is the m/z 60 ion 
produced by loss of CH2O from 1,2-dimethoxyethane (eq 2).13 

CH3 

^OCH2CH2- + CH2O (2) 

H 

In experiments using a modified Varian 5900 ion cyclotron 
resonance spectrometer, a range of simple aliphatic nitriles up 
to C6 and aromatic nitriles without other functional groups was 
studied. Labeling experiments confirm the transfer of the 
central ethylene unit (eq 3). However, it does not transfer 

CH3. 

RCN + 

H 

^OCD2CD2- RCNC2D4
+- + CH3OH (3) 

C2H4+- to any alkanes, alkenes, alkynes, aromatic hydrocar­
bons, alcohols, ethers, acids, esters, ketones, aldehydes, amines, 
Schiff bases, alkyl halides, sulfides, sulfoxides, sulfones, iso-
nitriles, thiocyanates, isothiocyanates, cyanates, or nitro 
compounds which we have examined,14 except for a slow re­
action with acetone observable above 10_5-Torr pressure which 
is not paralled by reactions with other ketones. This reaction 
is at least an order of magnitude slower than the reaction with 
nitriles. We estimate the latter as being on the order of 8 X 
10 - 1 0 cm3/molecule s, that is, reaction after most collisions. 
The reaction is sometimes faster than proton transfer and, 
within the compounds studied, never less than one fourth as 
rapid; it will be interesting to study nitriles containing other 
functional groups. This specificity and facility indicate that 
further internal reaction with the nitrile function probably 
leads to an easily accessible, stable product ion isomeric with 
the initially formed M + 28 ion. An obvious choice is shown 
in eq 4; in it the product is stabilized by formation of both a 

RC=N 

CH2 CH2 

C = N 1 ^ c = N = C H 2 

K K — / W 
CH2—CH2

 C H2" 
center analogous to the C H 2 = N + = C H 2 ion observed in the 
spectra of appropriate amines15 and also an allylic radical. 
Since the ion is stable to other ion-molecule reactions in 
mixtures of nitriles and 1,2-dimethoxyethane, this postulation 
remains only speculation for the moment. 

We have demonstrated here that the body of informa­
tion16'17 on ion-molecule reactions has become sufficiently 
large that one can apply the chemistry to the design of specific 
ion-molecule reagents. In the future it will be possible to ex­
pand the collection of these reagents to confirm structural 
detail of new molecules by mass spectrometric analysis using 
specifically designed ion-molecule reactions. 
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Characterization of Surfactant Vesicles as 
Potential Membrane Models. Effect of Electrolytes, 
Substrates, and Fluorescence Probes 

Sir: 

This communication reports properties of surfactant vesicles, 
prepared from aqueous dioctadecyldimethylammonium 
chloride (DODAC)1 dispersions by sonication, which render 
them to be the simplest functional membrane model investi­
gated to date. 

Sonication dispersed DODAC initially to a turbid and 
ultimately to an optically transparent solution.3 In agreement 
with analogous recent data,2 '4 '5 electron micrographs6 con­
firmed the presence of closed vesicles. The turbid solution, 
obtained by sonicating the DODAC dispersion for 30 s,3 

contained bilayer vesicles of 2500-4500 A in diameter. The 
optically transparent solution, obtained by sonicating the 
DODAC dispersion for 15 min,3 consisted of single compart­
ment vesicles whose diameter, read off from electron micro­
graphs, ranged between 1000 to 1500 A.7 All of the experi­
ments described below were carried out on optically trans­
parent solutions of single compartment 1000-1500-A-diameter 
bilayer DODAC vesicles. 

Aqueous solutions of DODAC vesicles were found to be 
stable for weeks in room temperature. Absence of unsaturated 
carbon atoms in the surfactant obviates degradation, a com­
mon problem with liposomes.10 Surfactant vesicles, like lipo­
somes,10 were lysed upon the addition of 80% alcohol. Effects 
of electrolytes, however, were found to be more pronounced 
on surfactant vesicles than on liposomes. Sonication of the 
"typical" DODAC dispersion3 in 0.10 M NaCl, for example, 
resulted in gel formation. Turbidity and subsequent floccula-
tion in 0.10 M NaCl was observed even when the amount of 
DODAC was reduced by almost tenfold (i.e., 1.5 mg of 
DODAC in 2.0 mL of 0.10 M NaCI). Conversely, diluted 
surfactant vesicles (fourfold dilution of the "typical prepa­
ration" 3 by distilled H2O) remained stable, albeit turbid, in 
0.10 M NaCl. Analogous behavior has been observed for other 
electrolytes. Increase in turbidity upon the addition of elec­
trolytes corresponds to osmotic shrinkage of the vesicles. It 
appears, however, that the range of electrolyte concentration 
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Table I. Substrate Entrapment and Retention in Single 
Compartment Surfactant Vesicles 

% 
Substrate entrapment" % leakage6 

L-Alaninec 1.2 
L-Serinec 1.8 22.0,3 h 
8-Azaguaninec 34(1.8)rf 7.2,3 h 

15.4 (16)/ 3 h 
2-Aminopyridine HCl, 0.05 

2AP*" 
Dansyl-»i-octadecylamine,e 62(54) Not detectable at 20 h 

DSOA 

" Expressed as percent of entrapped substrate relative to that added 
prior to dispersion by sonication. In parenthesis are the values found 
using cationic single compartment dipalmitoyl-DL-phosphatidyl-
choline liposomes. b Expressed as percent of released substrate relative 
to that entrapped. Leakage was determined by dialysis using a 
seamless cellulose tubing at 25.0 0C. Rates of leakages followed sat­
uration behavior. c Monitored by using C-14 labeled substrates. 
d Taken from ref 12. e Monitored spectrophotometrically. 

which causes shrinkage of DODAC vesicles is considerably 
smaller than that observed for liposomes.10-11 

Single-compartment bilayer DODAC vesicles entrapped 
and retained a number of substrates (Table I). They were co-
sonicated with the DODAC dispersions. Gel filtration on Se-
phadex G-50 separated the free molecules from those en­
trapped in the vesicles. The emerging pattern (Table I) is quite 
similar to that observed for entrapments in liposomes.10-12'13 

Long chain dansyl-w-octadecylamine is substantially taken up 
and it is likely to line up along the hydrocarbon backbones of 
the DODAC vesicles. Entrapments and retention of polar 
amino acids in surfactant vesicles and liposomes10-14 follow the 
same behavior. The ability of surfactant vesicles to encapsulate 
molecules is perhaps best illustrated by the successful incor­
poration of the 2-aminopyridine monocation in positively 
charged DODAC vesicles. Even more impressive is the 34% 
entrapment of 8-azaguanine (Table I). In cationic single 
compartment liposomes, the uptake of this molecule is only 
1.8%.12 

Binding of L-serine and 8-azaguanine to the outer surface 
of DODAC vesicles were also established. These substrates 
were added to the already formed vesicles (using the "typical 
preparation").3 Free substrates were separated from those 
bound to the vesicles by gel filtration on Sephadex G-50. The 
charged outer surface of the vesicles attracted 0.8 and 6.2% 
of the added L-serine and 8-azaguanine, respectively. Com­
parisons with the amount of entrapped substrates (Table I) 
indicate that most of the 8-azaguanine is localized in the in­
terior of the vesicle while L-serine is equally distributed be­
tween the interior and the outer surface. Subsequent to binding, 
52% of 8-azaguanine is released within 90 min from the outer 
surface of the vesicle. Conversely, the rate of entrapped L-
serine leakage is identical with its release from the outer sur­
face of the DODAC vesicle. Apparently, the diffusion of L-
serine across the hydrocarbon bilayer of the vesicle is more 
facile than that for 8-azaguanine. 

Dansyl-«-octadecylamine, DSOA, 2-methylanthracene, 
2MA, 2-aminopyridine hydrochloride, 2AP, were used as 
fluorescence probes to report their microenvironments. Exci­
tation of DSOA entrapped in DODAC vesicles resulted in an 
emission maximum of 475 nm with a relative fluorescence 
efficiency (on the previously reported calibration scale)15 of 
0.7. Using the previously determined correlations,15 DSOA 
had an apparent environment in DODAC vesicles somewhat 
more polar than benzene. Conversely, DSOA in liposomes 
experiences an environment substantially more polar than 
chloroform.15 This difference in the apparent polarities is a 

consequence of the different location of the dansyl moiety of 
the probe in DODAC and liposome vesicles. This, in turn, may 
reflect differences in the bilayer thickness of these vesicles. 
Using fluorescence polarizations, microviscosity of the envi­
ronment of 2MA entrapped in DODAC vesicles were deter­
mined to be 144 cP. In contrast, 2MA revealed a microviscosity 
of 291 cP in single compartment dipalmitoyl-DL-phosphati-
dylcholine.8 2AP is electrostatically repelled from the surface 
of the cationic DODAC vesicle and is located, therefore, well 
within the aqueous interior of the surfactant vesicle. This 
postulate is borne out by the identical microviscosity as de­
termined by fluorescence polarization of 2AP in the DODAC 
vesicle (P = 0.00228) and in bulk water (P = 0.00220). 
However, the observed emission maximum in the DODAC 
vesicle (Xmax 357 nm) indicated 2AP to be in environment 
somewhat more polar than ethanol but not as polar as 
water.16 

Since upon neutralization the fluorescence efficiency of 2AP 
decreases 20-fold and since the emission maximum is shifted 
from 367 to 355 nm,16 this probe provided a fruitful means for 
monitoring hydrogen-ion concentration at the interior of 
DODAC vesicles as well as permeabilities of protons and hy­
droxide ions across the hydrocarbon bilayer. Two different 
experiments were performed. In the first, 2AP was dispersed 
with DODAC in 1.0 X 10"2 M HCl. Subsequent to gel fil­
tration, the pH of DODAC entrapped 2AP was adjusted to 
10.0 by NaOH. As soon as measurements could be made 
(within 2 min) the emission spectra indicated the complete 
neutralization of 2AP. Subsequent to displacing the chloride 
counterions, hydroxide ions permeate freely, therefore, across 
the DODAC vesicles.17 In the second set of experiments, 
neutral 2-aminopyridine was entrapped into the DODAC 
vesicle at pH 12. Subsequent to the separation, the pH of the 
DODAC entrapped probe was adjusted to 2.0 (by HCl). 
Within the time of measurements, the spectra indicated 
complete protonation. Apparently, in spite of electrostatic 
repulsions, the proton permeates freely into the vesicle interior. 
Conversely, substantial proton gradients can be maintained 
across cationic liposomes.8 

This study established surfactant vesicles to be the simplest 
membrane mimetic agents. They are stable, do not degrade, 
and are able to entrap molecules. They are sensitive, however, 
to electrolytes and their bilayers are less dense than those of 
liposomes or membranes. Consequently, chemical modifica­
tions are needed prior to utilizing these surfactant vesicles for 
permeability studies. Such modifications are the object of our 
current attention. 
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Studies of Nitrogen Metabolism Using 13C NMR 
Spectroscopy. 1. Streptonigrin Biosynthesis 

Sir: 
We describe herein the use of 1 5N- 1 3C couplings in 13C 

NMR spectroscopy as an efficient tool for the study of nitrogen 
metabolism. Since there is no long-lived radioactive nitrogen 
isotope, the study of secondary nitrogen metabolism has lagged 
far behind those of carbon and hydrogen. While the fate of 
nitrogen-15 enriched precursors in secondary metabolism has 
been determined in a few instances by mass spectrometry,1 the 
presence of more than one nitrogen in a metabolite leads to 
ambiguous results unless useful fragmentation patterns can 
be clearly defined; frequently some chemical degradation is 
necessary. Bycroft and co-workers have reported2 the use of 
15N NMR in the study of penicillin biosynthesis using a 
high-producing Penicillium strain that afforded a percent 
incorporation of precursor unusually high even for microbial 
metabolites. 

In the last few years homonuclear couplings (13C-13C)3 and 
heteronuclear couplings (2H-1 3C)4 in 13C NMR spectra have 
been used to study biosynthetic pathways. They provide rela­
tively direct indications of bond-breaking and bond-forming 
reactions without recourse to time-consuming and often im­
practical chemical degradations. The investigation of 15N-13C 
couplings seemed a logical extension which might simplify the 
study of nitrogen metabolism. Rinehart and co-workers have 
recently used this technique to determine the origin of the 
carbamate residue in geldanamycin.5 

We recently reported6 that in the biosynthesis of strep­
tonigrin (I) ,7 an antibiotic produced by Streptomyces floc­
culus ATCC 13257, the 4-phenylpicolinic acid moiety is de­
rived from tryptophan, suggesting a new pathway for the for­
mation of pyridine rings8 and a new metabolism of trypto­
phan.9 This apparent biosynthesis required cleavage of the 
intact indole ring at a C-N bond. Only one example of such 
a cleavage has previously been demonstrated; the biosynthesis 

Scheme I 
H,N. COOH 

OR' 
aR' = H or CH3. The exact timing of the methylations has not 

yet been determined. 
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