
tection have appeared in the literature (4, 
6-8). While adequate resolution of the af- 
latoxins is readily achieved, the detec- 
tion sensitivity has been in the low nano- 
gram range. The more sensitive tech- 
nique of fluorescence detection, while 
successful for aflatoxins in the solid 
state, has met with difficulty in HPLC 
(9), since aflatoxin B1, the most impor- 
tant from a toxic and carcinogenic view- 
point, has a poor fluorescence quantum 
yield in solution (10, 11). A novel tech- 
nique developed by Thorpe and Stoloff 
(12) obviates this problem. By the addi- 
tion of trifluoroacetic acid (TFA), afla- 
toxin BI is converted to aflatoxin B2a 
(13), which is known to be highly fluores- 
cent in hydrogen-bonded solvents (14). 
Aflatoxin G1 is also transformed into G2a, 
but B2 and G2 are unaltered (15). All four 
aflatoxins can then be separated on a re- 
verse-phase HPLC column and quan- 
titated fluorimetrically. 

We have adopted this procedure but 
have substituted hydrochloric acid for 
TFA to make the derivatives of B1 and 
G1, since TFA causes additional uniden- 
tified peaks to appear in the chromato- 
gram. Our method consists of drying the 
aflatoxin-containing extract or standard 
under a stream of nitrogen, adding a few 
drops of IN HC1, allowing 15 minutes for 
reaction, evaporating under nitrogen on 
a steam bath, and finally, redissolving 
the sample in elution solvent. This pro- 
cedure is reported (16) to have a high 
yield (> 90 percent) of aflatoxin B2a and 
G2a, which is consistent with our obser- 
vation of a single peak per aflatoxin elut- 
ing from the column. Mixtures of water 
and ethanol (75:25 by volume) are used 
to elute the aflatoxins on a A/Bondapak 
C18 column (17). The resolution as well 
as the retention time of the aflatoxins can 
be varied by changing the proportions of 
water and ethanol. Both solvents were of 
high purity (18). 

Figure 2 shows some typical aflatoxin 
chromatograms obtained by using the 
above procedure and the laser fluores- 
cence detection scheme illustrated in 
Fig. 1. Figure 2a represents 30 pg each of 
the derivative aflatoxins G2a and B2a and 
the aflatoxins G2 and B2. The absence of 
secondary peaks and the lack of baseline 
fluctuations are noteworthy. Figure 2b is 
a chromatogram of an extract prepared 
(19) from 10 g of yellow corn known to 
contain 7 ppb of aflatoxin B1. At present, 
the limit of detection in the corn sample 
with this method is approximately 2 ppb 
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with better cleanup procedures it is ex- 
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pected that this detection limit can be 
further reduced. 

In quantitating aflatoxin contam- 
ination it is important to establish the lin- 
ear dynamic range of the detector. By in- 
jecting known quantities of appropriately 
diluted standards and their derivatives 
onto the column we have established a 
linear response of more than three orders 
of magnitude, as shown in Fig. 3. Scatter 
in these data, especially at higher signal 
levels, is largely a result of inaccurate 
graphical integration of the peaks. The 
signal-to-noise ratio at the lower limit of 
detection, 750 fg, was roughly 2 to I with 
a 3-second time constant on the lock-in 
amplifier. 

Since the aflatoxins are considerably 
diluted as they elute from the column, it 
is of interest to determine what quantity 
of aflatoxin is in the detection volume 
itself. We assume that the peak has 
a Gaussian profile, f(x) = (2Tr) 112 o'-l 

exp(-x2/2o-2), where 3.56 or represents 
the full width of the peak at half-maxi- 
mum intensity (FWHM). At the detec- 
tion limit, the FWHM is 0.4 minute at a 
flow rate of 1.5 ml/min, giving a value of 
cr = 0.17 ml. The normalization of a 
Gaussian profile is such that the integral 
off(x) over all x is unity. Hence, the con- 
centration in femtograms per milliliter at 
the detection limit is C(x) = 750fix), and 
the aflatoxin concentration at the maxi- 
mum of the peak is C(0)= 1800 fg/ml 
(6 x 10-12M). Thus the amount of afla- 
toxin in the 4-t,1 detection volume is only 
7 fg or about 1 x 107 molecules at the 
signal maximum, and the amount of afla- 
toxin in the laser beam is even less. Al- 
though still higher detection sensitivities 
have been obtained in gas-phase laser-in- 
duced fluorescence (20), the present 
study illustrates that laser fluorimetry of 
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Among acid ionophores, lasalocid A 
(X-537A) (1) has several unique features 
and has been the subject of many chem- 
ical and biochemical studies. Since the 
initial establishment (1) of the detailed 
structure and stereochemistry of lasa- 
locid, x-ray studies have been carried 
out on the barium salt (1, 2) and the sil- 
ver salt (3) of lasalocid, the silver salt 
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of 5-nitrolasalocid (4), two forms of the 
sodium salt of 5-bromolasalocid obtained 
from acetone and from carbon tetrachlo- 
ride solutions (5), and the free acid of 5- 
bromolasalocid hemihydrate that had 
been crystallized from a hexane-meth- 
ylene chloride solution (6). In these crys- 
tals, the conformation of the backbone of 
the ionophore has been essentially in- 
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Monomeric Forms of the Acid lonophore Lasalocid A (X-537A) 
from Polar Solvents 

Abstract. X-ray structural analyses have been carried out on the free acid of la- 
salocid A (X-537A) and on the sodium salt, both c;ystallized fiom methanol solution. 
In each case the structure is monomeric with one molecule of methanol complexing 
to the free acid and to the salt. 
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variant (7) with most of the oxygen 
atoms directed to the interior and to one 
side of the roughly circular structure 
formed by "head-to-tail" hydrogen 
bonding of both 0(40) and 0(31) with the 
carboxyl (or carboxylate) groups. La- 
salocid possesses the remarkable proper- 
ty, which sets it apart from almost all the 
other acid ionophores (8), that all of the 
structures studied in the crystal are di- 
mers. These dimers have an almost en- 
tirely nonpolar exterior, with the metal 
ions (and, in the case of the free acid, a 
water molecule) being completely en- 
capsulated by the two ionophore en- 
tities. Nuclear magnetic resonance 
(NMR) studies (5) in CDCI3 and acetone- 
d(; indicated that the backbone structure 
of the lasalocid entity as determined 
from the x-ray work was consistent with 
the NMR data, in that this structure did 
not appear to vary with solvent and that, 
in nonpolar solvents, dimeric structures 
similar to that found in the crystalline 
form I of the Na+ salt of 5-bromolasalo- 
cid were present. A more comprehensive 
NMR study of lasalocid in nonpolar 
solvents (9) confirmed these findings, 

CH, CH 
-0~o 40 HO O, 

largely predominate in such an environ- 
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ment. We nowructues are indeed monomeric.tues of 
Crystals of the sodium salt ofnized lasalocid A 

obtained from methanol (71, 12) are: 
C34H5,40, CH1OH; molecular weight 
(M) = 622.6; system, orthorhombic; unit 
cell parameters, a = 26.628(10), 
b = 13.014(5), and c = 10.609(3) A; unit 
cell volume (V)= 3676 A3; molecules 
per unit cell (Z) = 4; calculated density 
(pcalc) = 1.13 g cm-3; total electrons per 
unit cell [F(000)] = 1360; and space 
group, P2o2f2,. The data for the sodium 

Fig. 1. (Top) Stereoscopic view of the 1:1 lasalocid: methanol complex. (Bottom) Stereo- 
scopic view of the sodium salt of lasalocid with complexed methanol. Hydrogen bonds are 
shown by dashed lines, while Na+---O coordination bonds are shown by light continuous lines. 
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salt obtained from methanol are 
C34H5308- - Na+ ' CH30H; M = 644.9; 
orthorhombic; a = 20.202(2), b = 

17.678(2), and c = 10.221(1) A; V= 
3650 A3; Z = 4; pcalc = 1.17 g cm-3; 
F(OOO) - 1400; and space group, P212,21. 
The structures of both compounds were 
determined by direct methods (13) and 
were refined to conventional agreement 
index (R) values of 0.048 on 2683 non- 
zero reflections and of 0.044 on 2943 
nonzero reflections for the free acid and 
sodium salt, respectively. In both struc- 
tures, all the hydrogen atoms of the la- 
salocid entity, including hydroxyl hydro- 
gens, could be clearly located, as could 
the hydroxyl hydrogen atoms of the 
methanol molecules (14). The location of 
all the hydrogen atoms provided the first 
opportunity to establish unequivocally 
the hydrogen bonding scheme in lasalo- 
cid or a derivative (15). 

Stereoscopic views of the structures of 
the free acid and of the sodium salt are 
shown in Fig. 1. The structures of the la- 
salocid portions in the two crystals are 

quite similar, each possessing the famil- 
iar head-to-tail hydrogen bonding. In the 
case of the free acid, 0(26) acts as a hy- 
drogen bond donor to 0(40), while both 
0(40) and 0(31) act as hydrogen bond 
donors to the methanol molecule; the 
methanol hydroxyl hydrogen forms a hy- 
drogen bond with 0(15). In this form of 
the free acid, the ketone, 0(33), is not 
involved in hydrogen bonding. This find- 
ing is consistent with the recent spectro- 
scopic data of Rousseau and colleagues 
(12). In the sodium salt, the sodium ion 
is complexed by the same five oxy- 
gen atoms [0(15), 0(20), 0(31), 0(33), 
and 0(40)] that complexed the Na+ ions 
in the dimeric forms (5); there is no 
Na+-O--(carboxylate) coordination. The 
other "side" of the Na+ ion is coordi- 
nated to the oxygen of the methanol 
molecule, which partially plays the role 
of capping the cation as described pre- 
viously for the dimeric sodium salts (5). 
The hydrogen bonding scheme has both 
0(31) and 0(40) acting as donors to the 
carboxylate anion [0(26) and 0(27), re- 
spectively]; in addition, the methanol 
forms a hydrogen bond to 0(26). This 
finding, along with other spectroscopic 
data (16), demonstrates that a recent 
conclusion by Phillies and Stanley (17), 
namely, that aliphatic hydroxyl groups 
are not involved in hydrogen bonding in 
the sodium salt of lasalocid A, is incor- 
rect. 

While the gross structure of the lasalo- 
cid molecule does not change on com- 
plex formation with the Na+ ion, there 
are small changes (11? to 22?) in the tor- 

sion angles about the C(6)-C(7), C(7)- 
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C(8), C(8)-C(9), C(11)-C(12), C(12)- 
C(13), and C(13)-C(14) bonds that result 
in bringing 0(33) closer to 0(15), 0(20), 
and 0(40) and [with a major change in 
the position of 0(43)] produce a very dis- 
torted octahedron of oxygen atoms 
around the sodium ion (18). Therefore, 
our results show that, unlike the case of 
neutral depsipeptide valinomycin (19- 
21), which complexes metals with a 
greatly changed conformation, the la- 
salocid molecule undergoes only minor 
changes in conformation on complex for- 
mation to sodium ions. This finding is 
consistent with results obtained pre- 
viously for both monensin (22, 23) and 
grisorixin (24, 25). 

The study reported here provides the 
following important information on la- 
salocid A. (i) There is no reliable evi- 
dence for a conformation of the lasalocid 
backbone significantly different from the 
circular one stabilized by hydrogen 
bonding that has been found in all x-ray 
studies thus far reported. Crystals ob- 
tained from the polar methanol solutions 
have now been shown also to contain 
this conformation. (ii) This appears to be 
the first time that the hydrogen atoms 
can be clearly recognized from an x-ray 
study of a lasalocid derivative, and so 
the hydrogen bonding patterns that were 
previously inferred are now confirmed. 
(iii) In contrast to our previous work, the 
x-ray analysis reveals a lasalocid A 
monomer (26). That lasalocid and its so- 
dium salt crystallize from methanol solu- 
tion as monomers is entirely consistent 
with the NMR results in polar solutions 
(10), and implies that the form in which 
lasalocid crystallizes is highly dependent 
on the species existing in the solution. 
The existence of monomeric and dimeric 
structures for lasalocid derivatives under 
different conditions implies that metal 
uptake and release in polar environments 
involve a monomeric form, while trans- 
port in nonpolar media takes place by 
means of a lasalocid dimer (27). This idea 
can be extended to suggest that the iono- 
phore is a dimer in the lipid bilayer, but 
reverts to a monomeric structure at the 
polar exterior. 

CHIAN C. CHIANG, IAIN C. PAUL* 
Noyes Chemical Laboratory, 
University of Illinois, Urbana 61801 
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derivative, have been studied in our laboratory. 
The widest variation of any torsion angle in- 
volving only the atoms of the backbone is 26?; 
many of the variations for a particular backbone 
torsion angle are less than 15?. 

8. A dimeric structure has been found in the case 
of the Ca2+ salt of the acid ionophore, A 23187 
[G. D. Smith and W. L. Duax, J. Am. Chem. 
Soc. 98, 1578 (1976)]. However, no examples, 
other than of lasalocid, are known of dimers 
with monovalent cations, or of uncharged spe- 
cies. 
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port has a ketone stretching frequency at 1722 
cm-1. Another crystallographically distinct form 
of the free acid has been obtained from methanol 
and has a ketone stretching frequency at 1713 
cm-1 (12). 

12. J. M. Friedman, D. L. Rousseau, C. Shen, in 
preparation. 

13. The structures were solved and completely re- 
fined in the space of 2 to 3 days each on the 
SYNTEX-EXTL computer system in our labo- 
ratory. The structure solutions were effected by 
a version of MULTAN incorporated in this sys- 
tem. 

14. In both crystals, there is slight disorder of the 
methanol molecule occasioned by libration of 
the methyl group while the position and direc- 
tion of the hydrogen-bonded 0-H group are pre- 
served. This libration has prevented us from lo- 
cating the methyl hydrogen atoms with cer- 
tainty. 

15. We have also completed the x-ray analysis of 
the 1: 1 complex of 5-bromolasalocid with eth- 
anol. This structure is almost identical, includ- 
ing hydrogen bonding assignments, with that of 
the 1: 1 lasalocid: methanol complex de- 
scribed here, and hence it will not be described 
at this time (C. C. Chiang and I. C. Paul, unpub- lished data). 

16. J. M. Friedman, D. L. Rousseau, C. Shen, I. C. 
Paul, in preparation. 
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In November 1975, sediment samples 
were collected from several of the larger 
bathymetric depressions in the continen- 
tal slope of the northern Gulf of Mexico 
off Texas and western Louisiana from 
the R.V. Gyre. Sediment from the largest 
and most eastern of these basins was 
found to have an interstitial fluid con- 
taining nearly 150 g of chloride ion per 
kilogram, almost eight times that of 
seawater. Although similar hypersaline 
conditions have been found in samples 
collected from deep boreholes in the 
Gulf of Mexico (1) and in bottom waters 
from three Red Sea basins (2, 3), to our 
knowledge they have not been pre- 
viously reported in any open continental 
shelf or slope environment. 

Recently, the R.V. Gyre returned to 
this basin, centered at 26055'N, 91020'W 
(see inset, Fig. 1), in order to define the 
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27. A numbering scheme for lasalocid and other 
ionophores based on biogenetic considerations 
has recently been proposed [J. W. Westley, J. 
Antibiot. 29, 584 (1976)]. However, as all the 
published x-ray data refer to a scheme proposed 
originally by us, we continue to use that scheme 
for consistency and ease of comparison among 
the various compounds studied. 
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with the crystalline samples used in this study. 
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extent and nature of the brine condi- 
tions. A depression containing a pool of 
anoxic and hypersaline water which ap- 
proaches the Red Sea brine in total salin- 
ity and which is at least three times 
greater in volume (2, 3) was mapped and 
sampled in detail. This initial report on 
a unique marine feature-tentatively 
named Orca Basin-presents the bathy- 
metric, hydrographic, and seismic de- 
scription of this basin as well as the bulk 
chemical composition of its brine. 

Orca Basin is an intraslope depression 
situated within the complex described by 
Lehner (4) as "the growing margin of the 
Gulf Coast geosyncline." The complex 
bathymetry of the slope area has been at- 
tributed to salt diapirism and resulting 
slump features. The recovery of salt 
from boreholes drilled on several promi- 
nent highs along the slope (as close as 60 
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Anoxic, Hypersaline Basin in the Northern Gulf of Mexico 

Abstract. A 400-square-kilometer depression in the continental slope of the north- 
ern Gulf of Mexico (approximately 27?N, 91?W) has been found to contain anoxic, 
hypersaline (- 250 grams per kilogram) water in the bottom 200 meters. The inter- 
face between the brine and overlying seawater acts as a midwater seismic reflector 
similar to those seen in the Red Sea. The bulk chemical composition of the brine is 
similar to that from the Red Sea, but differences between the two in both heat con- 
tent and geomorphological setting indicate different modes of origin. 
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