
riftia tube worms, galatheid crabs, and 
Calyptogena magnifica clam, as well as 
other organisms, are present at the Gal&- 
pagos site and the East Pacific Rise 
hydrothermal vents at 21°N. The mecha- 
nism by which these benthic organisms 
migrate from one isolated deep-sea hy- 
drothermal vent site to another is likely 
to be in the form of a planktonic larval 
stage (26). 

The most commonly observed and 
morphologically conspicuous microorga- 
nisms found at the Galapagos hydrother- 
mal vent systems have been described 
(27). These microorganisms and those 
found at the East Pacific Rise participate 
in a diverse number of microbial pro- 
cesses; they include sulfur-oxidizing, 
metal-oxidizing, and methane- and me- 
thylamine-oxidizing bacteria, as well as 
the thermophilic methanogen M ,  jannas- 
chii (28). Since the macrocycle l a  ap- 
pears to occur only in M. jannaschii, this 
molecule can potentially be used as a 
species-specific marker to assess this 
microbe's contribution to the archaebac- 
terial community in the hydrothermal 
vent systems. In addition, the use of this 
molecular marker and the other glycerol 
ethers should enable us to determine 
whether the archaebacterial community 
is relatively homogeneous at geographi- 
cally distant and isolated hydrothermal 
vent sites. Our screening does not pre- 
clude the possibility that other hydro- 
thermal vent archaebacteria biosynthe- 
size the macrocyclic ether la ,  but cer- 
tainly the absence of l a  among the glyc- 
erol ethers in hydrothermal vent organic 
material would rule out the presence of 
M.  jannaschii. 

PAUL B. COMITA 
ROBERT B. GAGOSIAN* 

Department of Chemistry, 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

References and Notes 

1. W. J .  Jones, J .  A. Leigh, F. Mayer, C. R. 
Woese, R. S. Wolfe, Arch. Microbiol., in press. 

2. S. C. Kushwaha, M. Kates, G. D. Sprott, I .  C. 
P. Smith, Science 211, 1163 (1981). 

3.  T. C. Tornabene and T. A. Langworthy, ibid. 
203, 51 (1979). 

4. , G. Holzer, J. Oro, J .  Mol. Evol. 13, 73 
( 1979). 
\ - -  - ,- 

5. R. A. Makula and M. E. Sineer. .Biochem. 
Biophys. Res. Commun. 82, 716~71978). - ~ 

- .  -.  

6.  T. G. Tornabene, R. S. Wolfe, W. E. Balch, G. 
Holzer, G. E.  Fox, J. Oro, J .  Mol. Evol. 11, 259 
11 978) \-,  -,. 

7.  T. A. Langworthy, G. Holzer, J .  G. Zeikus, T. 
G. Tornabene, Syst. Appl. Microbiol. 4, 1 
(1983). 
\ - -  --,. 

8. T. A. Langworthy, T. G. Tornabene, G. Holzer, 
Zentralbl. Bakteriol. Parasitenk. Infektionskr. 
Hyg. Abt. I Orig. C 3, 228 (1982). 

9 .  H. N. M. Ross, M. D. Collins, B. J. Tindall, W. 
D. Grant, J .  Gen. Microbiol. 123, 75 (1981). 

10. M. DeRosa, S. DeRosa, A. Gambacorta, J. D. 
Bu'Lock, Phytochemistry 19, 249 (1980). 

1 1 .  T. A. Langworthy, Biochim. Biophys. Acta 487, 
17 11977) - , , A , , , , . 

12. M. DeRosa, S. DeRosa, A. Gambacorta, L. 
Minale, J. D. Bu'Lock, Phytochemistry 16, 1961 
(1977). 

13. M. DeRosa, A. Gambacorta, J. D. Bu'Lock, 
ibid. 15. 143 (1976). 

14. T. A. ~ a n ~ w o r t h ) ,  W. R. Mayberry, P. F. 
Smith, J .  Bacteriol. 119, 106 (1974). 

15. M. DeRosa. A. Gambacorta. L. Minale. J. D. 
Bu'Lock,  hem. Commun. (1974), p. 543. 

16. T. A. Langworthy, P. F. Smith, W. R. May- 
berry, J .  Bacteriol. 112, 1193 (1972). 

17. M. Kates, B. Palameta, C. N.  Joo, D. J .  
Kushner, N. E.  Gibbons, Biochemistry 5, 4092 
(1966). 

18. M. Kates, L. S .  Yengoyan, P. S. Sastry, Bio- 
chim. Biophys. Acta 98, 252 (1965). 

19. S. N. Sehgal, M. Kates, N. E. Gibbons, Can. J .  
Biochem. Physiol. 40, 69 (1960). 

20. P. B .  Comita, R. B. Gagosian, P. M. Williams, 
Nature (London), in press. 

21. For complete details of structure elucidation, 
see P. B. Comita, R. B. Gagosian, H. Pang, C. 
Costello, J .  Biol. Chem., in press. 

22. B. Chappe, W. Michaelis, P. Albrecht, in Ad- 
vances in Organic Geochemistry 1979, A. G. 
Douglas and J. R. Maxwell, Eds. (Pergamon, 
Elmsford, N.Y., 1981), p. 265. 

23. H. Huber, M. Thomm, H. Konig, G. Thies, K. 
0. Stetter, Arch. Microbiol. 132, 47 (1982). 

24. J .  Zeikus and R. Wolfe, J .  Bacteriol. 109, 707 
(1972). 

25. 5 .  ~ i n d e r  and R. Mah, Appl. Environ. Microbi- 
01. 38, 996 (1979). 

26. Galapagos Biology Expedition Participants, 
Oceanus 22, 1 (1979). 

27. H. W. Jannasch and C. 0. Wirsen, Appl. Envi- 
ron. Microbiol. 41, 528 (1981). 

28. H. W. Jannasch, in Hydrothermal Processes at 
Sea Floor Spreading Centers, P. Rona, K. Bos- 
trom, K. L. Smith, L. Laubier, Eds. (Plenum, 
New York, in press). 

29. We thank J. Leigh, R. Wolfe, and their co- 
workers for samples of M. jannaschii, M. Kates 
and M. DeRosa for authentic samples of alkyl- 
glycerol ethers, N. Frew for GC-MS, K. Theo- 
pold for assistance with acquiring NMR spectra, 
C. Taylor, H. Jannasch, E.  Peltzer, W. Michae- 
11s for helpful discussions. We thank K.  Stetter 
for samples of Methanococcus thermolithotro- 
phicus, R. Mah for samples of Methanosarcinae 
barkeri MS and TM-I, R. Wolfe for samples of 
Methanococcus voltae, and G. Ferry for sam- 
ples of Methanospirillum hungatei. We also 
thank H. Pang and C. Costello of the NIH mass 
spectral facility at Massachusetts Institute of 
Technology for their work on the field desorp- 
tion mass sDectra and high-resolution MS data. 
This work' was supported by NIH grant 
RR00317, NSF grant for the OASIS project 
(OCE 80-24256), and a postdoctoral fellowship 
f0rP.B.C. from the National Institutes of Health 
and Woods Hole Oceanographic Institution. 
This is contribution 5450 from the Woods Hole 
Oceanographic Institution. 
To nhom ~orrespondence should be addressed. 

1 August 1983; accepted 31 October 1983 

The Exclusion of D20 from the Hydration Sphere of 
FeS04 7H20 Oxidized by Thiobacillus ferrooxidans 

Abstract. Infrared spectra demonstrate that neither FeS04 . 7H20  nor its bacteri- 
al or abiotic hydrated oxidation products incorporate deuterium in acid D 2 0  
solutions. Deuterium exchange occurred as bridging OD when bacterially oxidized 
iron was precipitated from D 2 0  solutions as ferric hydroxysulfates. The exclusion of 
deuterium depended upon the stabilization of aquated Fe(Ilj and Fe(Ill) complexes 
by sulfate ions in outer-sphere coordination and is consistent with the requirement 
and postulated role of sulfate in iron oxidation by Thiobacillus ferrooxidans. 

Despite the recognized importance of 
metal ions to living systems, often over- 
looked is the fact that all biologically 
important cations are present in aqueous 
solution as hydrated species. The chemi- 
cal reactivity of a cation may depend 
upon molecular exchange between its 
primary hydration sphere and other mol- 
ecules in solution ( I ) ,  yet very little is 
known about how the biological activity 
of a metal ion relates to the coordinated 
water molecules. I present evidence that 
oxidation of iron by a chemolithotrophic 
bacterium is dependent upon the exis- 
tence in acid solution of a Fe(I1) hydrate 
complex stabilized by S042-. The orga- 
nism, Thiobacillus ferrooxidans, is im- 
portant in the natural leaching of pyritic 
minerals and in biohydrometallurgical 
technology (2). 

Although rates for the exchange be- 
tween solvent water molecules and wa- 
ter molecules in the hydration sphere of 
aquated ions differ widely, even the most 
tightly bound are reported to exchange at 
measurable rates (1, 3). For example, 
one of the slowest reported is hexaaquat- 
ed Rh(III), in solution with perchlorate 
ions (tIl2 = 33 hours) (4); more common 
are values like second for hexa- 

aquated Fe(I1) ammonium sulfate or 
hexaaquated Co(I1) (5). 

A slower range of exchange rates 
would be expected with D 2 0  as solvent 
than with H20 ,  since the energy required 
for breaking deuterium bonds is general- 
ly thought to be greater than for hydro- 
gen bonds (6). However, isotope effects 
alone would not prevent the formation of 
deuterated complexes, at measurable 
rates, during incubation of soluble hy- 
drated complexes in 95 percent D 2 0  so- 
lutions (7). It was extraordinary, there- 
fore, to find that hydrated Fe(II1) precip- 
itates derived from FeS04 . 7H20 in 95 
percent D20  solutions, acidified to per- 
mit oxidation by T.  ferrooxidans, did not 
contain demonstrable amounts of deute- 
rium. 

Earlier investigation had shown that 
oxidation by the acidophilic chemolitho- 
trophic bacterium T.  ferrooxidans pre- 
cipitated an amorphous hydrated Fe(II1) 
sulfate from acidic Fe(I1) sulfate solu- 
tions (8). This precipitate was similar 
in composition and infrared spectrum 
to an amorphous Fe(II1) sulfate 
(2Fe203 . SO3 . mH20) described by 
Margulis et al. (9). In an effort to charac- 
terize this material and determine if the 
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precipitates contained bridging OH 
groups, I carried out the oxidation of 
FeS04 7H20 in acidified D20  solution. 
Although the products of bacterial oxida- 
tion were of particular interest, infrared 
spectroscopic comparisons were made 
of sediments obtained from abiotically as 
well as bacterially oxidized iron in acid 
D20  or H 2 0  solutions (Fig. 1 ) .  

The protocol for bacterial oxidation 
consisted of incubating 20 ml of 0.1M 
FeS04 7H20 in H 2 0  or 95 percent D20,  
containing 3.0 x 10'' washed cells of the 
Leathen strain of T ,  ferrooxidans. The 
pH of the solution was adjusted with 
concentrated H2SO4 to between 2.2 and 
2.5, corresponding to a pD range be- 
tween 2.6 and 2.9 in D20  solutions (10). 
Approximately 21 percent of the iron in 

4000 3000 2500 2000 1600 1200 800 600 400 D20 solutions was oxidized by the bacte- 

rial suspension in 30 hours of continuous 
shaking at 20°C. In that time, the amount 
of iron oxidized in D20  was 68 percent of 
that in H20 .  After 48 hours, sufficient 
hydrated Fe(II1) sulfate had precipitated 
to be recovered for analysis (11). After 
the first crop of precipitate had been 
removed by centrifugation, supernatant 

Fig. 1 (top). Infrared spectra of amorphous 
hydrated Fe(II1) sulfate precipitates obtained 
after oxidation of 0.1M FeSO, . 7H20: (A) by 
Hz02  in 95 percent D,O at pD 2.9; (B) by 
heating to 80°C in D,O at pD 2.9; (C) by cells 
of Thiobacillus ferrooxidans in H 2 0  at pH 2.5; 
and (D) by cells of Thiobacillus ferrooxidans 
in 95 percent D20  at pD 2.6. Similar spectra 
were obtained for precipitates recovered over 
a 14-month period. The numbering is ex- 
plained in Fig. 3 .  Fig. 2 (center). Infrared 
spectra of ammonio~arosites, formed by the 
addition of solid (NH4)2S04 to solutions 
remaining after the removal of bacteria 

4000 3000 2500 2000 1600 1200 800 600 400 and amorphous precipitates from 0.1M 
FeSO, . 7H20, oxidized by Thiobacillus fer- 
rooxidans: (A) in H 2 0  at pH 2.5; (B) in D,O at 
pD 2.6, 12 days after addition of 0.2M 
(NH4)2S04; and (C) in D,O at pD 2.6, 14 
months after removal of the initial precipitate 
of ammoniojarosite (B). Fig. 3 (bottom). 
Infrared spectra of Fe(I1) and Fe(II1) sulfates 
formed from FeS04 .  7H20 in 95 percent 

1 D20:  (A) Spectrum of F e S 0 4 .  H,O formed 
by the evaporation of FeS0, . 7H,O solution 
in 95 percent D,O at pD 2.6. (B) Spectrum of 
predominantly amorphous hydrated Fe(II1) 
sulfate with small amounts of sodium jarosite; 
recovered after the addition of 0.1M solid 
Na2S04 to a filtered solution of bacterially 
oxidized FeS0, . 7H20 in 95 percent D20.  (C) 
Spectrum of sodium ferric hydroxysulfate, 
recovered after the addition of 0.2M solid 
NaCl to a filtered solution of bacterially oxi- 
dized FeSO, . 7H20 in 95 percent D,O. The 
infrared band assignments (13, 19) are as 
follows: I ,  OH stretch, with NH stretch 
shoulder in ammoniojarosite; 2, OD stretch; 
3, ND stretch, shoulder on OD stretch of 

1 ammoniojarosite; 4, H 2 0  deformation; 5 ,  NH 
deformation; 6, u3 ,  (C3v)S042-; 7, u3,  
(C~,)SO~?- ;  8, EOH (bridging): 9, Z u D  (bridg- 

4000 3000 2500 2000 1600 1200 800 600 400 ing); 10, v4, So4'-; 11, u3,  ( T ~ ) s o ~ ? ;  12, u,. 

W a v e  number ( c m - ' )  (hindered rotation), H20 .  
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solutions were passed through 0.22-pm 
filters to remove bacterial cells and ter- 
minate oxidation. Amorphous Fe(II1) 
sediments that continued to form in the 
bacteria-free D 2 0  filtrates, over a period 
of 14 months, lacked deuterium and were 
uniform in infrared spectral characteris- 
tics (Fig. 1). 

Abiotic oxidation of FeS04 . 7H20 in 
acid D20  solutions, accomplished either 
by heating to 80°C or by the dropwise 
addition of 30 percent H202, caused rap- 
id precipitation of Fe(II1) as an amor- 
phous hydrated sulfate similar to that 
formed by bacterial oxidation. This was 
contrary to earlier findings (6), which I 
again confirmed, that abiotic oxidation in 
H 2 0  produced precipitates with infrared 
bands indicative of admixture with 
aFeOOH. However, D 2 0  sediments 
formed after abiotic oxidation lacked the 
distinctive librational OH bands of 
aFeOOH and bands due to deuterium 
incorporation (Fig. 1). 

In contrast, when filtrates of superna- 
tant solutions, derived from bacterial ox- 
idation of iron in D20,  were treated with 
solid (NH4)2S04 to form ammoniojaro- 
site, (NH4)Fe3(S04)2(OH)6, deuterium 
incorporation did occur as evidenced by 
strong OD stretch, ND stretch, and OD 
bridging frequencies (Fig. 2). Continued 
precipitation of ammoniojarosite from 
D 2 0  produced sediments with more 
complete replacement of protium by 
deuterium (Fig. 2C). 

Sodium ions are not as efficient as 
monovalent cations of larger radii in 
forming jarosites in bacterially oxidized 
iron solutions (7, 12). A D 2 0  solution of 
bacterially oxidized FeS04 . 7H20, 
treated with solid sodium sulfate, pro- 
duced a brown precipitate that consisted 
mainly of the amorphous hydrated 
Fe(II1) sulfate, as shown by its fibropor- 
ous microstructure under scanning elec- 
tron microscopy. This was confirmed by 
infrared spectroscopy (Fig. 3) and sodi- 
um analysis, which showed that the ma- 
terial contained very little deuterium or 
sodium jarosite. In contrast, the addition 
of solid NaCl to bacterially oxidized iron 
in D20  solution yielded a yellowish pre- 
cipitate that had the infrared spectrum of 
a ferric hydroxysulfate (Fig. 3C), with 
OD present instead of bridging OH (Fig. 
3). This result was unexpected because 
the addition of chloride ions to H 2 0  
solutions of bacterially oxidized Fe(II1) 
sulfates generally had yielded amor- 
phous sediments rather than crystalline 
Fe(II1) hydroxysulfates (8). Scanning 
electron microscopy, x-ray diffraction, 
and flame photometric analysis indicated 
that the substance was a crystalline sodi- 
um ferric hydroxysulfate similar to na- 

trojarosite. However, the amount of iron 
in the precipitate (- 26 percent) was less 
than expected for natrojarosite. 

The absence of deuterium exchange, 
either during or after oxidation of 
FeS04 7H20, indicated that the hydra- 
tion spheres of both the Fe(I1) and 
Fe(II1) complexes were unexpectedly 
stable in the acid D 2 0  systems that I 
studied. This result suggested that outer- 
sphere SO4'- [associated with Fe(I1) or 
Fe(II1) complexes] not only prevented 
the replacement of H 2 0  molecules by 
D20  but also prevented the exchange of 
deuterons and OD- with protons and 
OH- that arise from dissociation of wa- 
ter. This interpretation was corroborated 
by infrared spectra of FeS04 . H 2 0 ,  
formed by forced-draft evaporation of 
FeS04 . 7H20 in acid D 2 0  solution. The 
infrared spectrum of the monohydrate 
formed (Fig. 3A) after several months of 
equilibration of the heptahydrate in D20  
at room temperature, showed very little 
deuterium present. This recalcitrance to 
deuterium exchange persisted despite 
changes in the coordination sphere of 
Fe(I1) during conversion of the heptahy- 
drate to the monohydrate, particularly, 
the introduction of outer-sphere ( T d )  
S04'- into an inner coordination site, as 
shown by its conversion to C3,, symme- 
try (13). 

Earlier reports of SO4'- stabilizing the 
coordinated water of Fe(I1) hydrates (13, 
14) and other hydrates of divalent cat- 
ions (13, 15) give no indication that the 
stabilities noted would have the effect of 
excluding solvent exchange. However, 
one may suppose that deuterium exclu- 
sion signifies the existence of an ex- 
change barrier greater than that usually 
attributed to a deuterium isotope effect 
(that is, due to the strength of deuterium 
bonding between heavy water molecules 
in the solvent phase and their reduced 
mobility as compared to that of H20) .  

The role of S042- in stabilizing aquat- 
ed Fe(I1) and Fe(II1) complexes in acid 
solution parallels the requirement for 
SO4'- in iron oxidation by T ,  ferrooxi- 
duns (16). Although this requirement is 
best satisfied by high concentrations of 
SO4'-, other oxyanions such as P043-, 
A s O ~ ~ - ,  W04'-, and ~ e 0 ~ ' -  partially 
replace SO4*- and Se04'- replaces it 
completely (17). The loose specificity of 
the bacterial requirement can now be 
understood to mean that T ,  ferrooxidans 
needs an oxyanion-stabilized hexaaquat- 
ed complex of Fe(I1) as substrate for iron 
oxidation rather than a particular anion 
at high concentration. 

Conceivably, oxyanions stabilize hy- 
drates by hydrogen bonds which bridge 
coordinated water molecules of the iron 

complex (18). In contrast, anions such as 
chloride or nitrate, which inhibit iron 
oxidation by T. ferrooxidans, destabilize 
the required substrate complex by re- 
placing S042- in the outer sphere. Such 
action would destructure the hydration 
sphere and lead to replacement of water 
molecules by other ligands. Similarly, 
cations suitable for interaction with the 
Fe(II1) complex can release stabilizing 
hydrogen bonds and allow entry of bridg- 
ing S04'- and OH- into the complex to 
replace water molecules and form jaro- 
sites. 

In nature, iron and SO4'- occur to- 
gether in acid solution wherever pyritic 
minerals are exposed to air and water. 
The reduced sulfides serve as reservoirs 
of chemical energy for the iron-oxidizing 
thiobacilli (2). As the iron sulfide miner- 
als are leached by bacterial action, an 
aqueous environment results that con- 
tains, as major solutes, hydrated Fe(I1) 
and Fe(II1) with excess SO4'-. The asso- 
ciation of iron and sulfur is maintained in 
such environments by the activity of 
organisms such as T ,  ferrooxidans, 
which coprecipitate both elements by 
oxidizing Fe(I1) in hydrated complexes 
stabilized by SO4'-. 

NORMAN LAZAROFF 
Department of Biological Sciences, 
State University of New York, 
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Estradiol Fatty Acid Esters Occur Naturally in Human Blood 

Abstract. Treatment of nonpolar ether extracts of human female blood with mild 
alkali produced more immunoassayable estradiol than the unhydrolyzed extract. 
Analysis of the serum extracts showed that the substance which released immunore- 
active estradiol after hydrolysis has chromatographic properties identical to  those of 
fatty acid esters of estradiol esterijied at carbon 17. The physiological role of these 
previously unknown endogenous esters might be inferred from their structural 
similarity to  synthetic drugs used therapeutically for their prolonged estrogenic 
action. 

For over a half-century, alkyl and aryl 
esters of estradiol have been known as 
biologically potent steroids, generally 
considered to be "long-acting" estro- 
gens (1-3). These esters, such as estradi- 
01 benzoate, propionate, cyclopentylpro- 
pionate, and valerate are synthetic drugs 
still used for prolonged estrogen stimula- 
tion (4-6). The most potent natural ste- 
roidal estrogen, 17P-estradiol (E2), exists 
not only as the "free" steroid, but in 
conjugated form. However, the conju- 

gates are exclusively ionic, extremely 
water-soluble polar steroids linked to 
glucuronic acid or sulfate moieties (7, 8).  
To our knowledge, the natural occur- 
rence of estrogenic steroids similar to the 
pharmacologically active, nonpolar alkyl 
esters of estradiol has not previously 
been shown. We now present evidence 
that alkyl esters of estradiol normally 
circulate in human blood and thus exist 
endogenously in nature. 

An unusual nonpolar metabolite of es- 

isolated and identified LE2 as a family of 
fatty acid esters of estradiol esterified 
exclusively at carbon 17 (10). The ex- 
periments described here were designed 
to determine whether LE2 is present in 
human blood. Using immunochemical 
and chromatographic techniques, we 
found that a nonpolar compound with 
properties identical to those of LE2, the 
carbon 17 esters of estradiol, exists in 
serum. 

We reasoned that if LE2 is present in 
human blood, mild alkaline hydrolysis of 
an ether extract of serum should produce 
more estradiol than the untreated ex- 
tract. Unlike LE2, other known conju- 
gates of estradiol, such as sulfates and 
glucuronides, are neither extractable 
with ether (11) nor hydrolyzable with a 
weak base (12). Estradiol was measured 
by radioimmunoassay with an antiserum 
highly specific for estradiol (13). Esters 
representative of LE2, such as estradiol- 
17-stearate and estradiol-17-arachidon- 
ate, did not cross-react in this assay. 
Serum samples (14) from males, cycling 

1 3 5 7  9 1 1  13 15 17 W E 
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Fig. 1 (left). High-pressure liquid chromatography of the LE, fraction 5 - - 80 .Z - 
from human serum. A serum sample (2.0 ml) obtained from an HMG- g 5 
treated subject was extracted with ether after [3H]estradiol-17-stea- - Ll 

100 - 
rate (1000 countlmin) had been added. The ether was evaporated and - 4 0 ,  r: w N 

the residue was purified on a silica gel column and by HPLC (Table 2). - m 
Fractions of I ml were collected and 200-~1 portions were counted for Q - D - Q - Q - O - ~  -? OC? 

u- - . - - - - - - - -0.0-0-.5- -o-O.o tritium. One half of the remainder of each fraction was analyzed for ;;C 

estradiol by radioimmunoassay in duplicate. The remaining half of 0  ' T T i T T r ' i ' i  L o -  

each fraction was hydrolyzed overnight in alkali. Estradiol was 0  4  8 12 16 

radioimmunoassayed in duplicate in these hydrolyzed fractions. The Time ( m i d  

control values were obtained from the first four fractions, which elute from the HPLC column before the solvent front. The E2 values shown are 
those obtained after subtraction of the controls (< 10 pg before and 79 pg after hydrolysis). Symbols: (0) tritium, (e) E,, and (m) E, after alkaline 
hydrolysis. Fig. 2 (right). (A) High-pressure liquid chromatography of LE, fraction isolated from human serum. Tritiated estradiol-17-stearate 
was added to serum obtained from a patient receiving HMG. LE, was extracted and purified by silica gel chromatography and HPLC (Fig. I). 
Fractions of I ml were collected and tritium was counted in 100-p1 portions. The remainders of each fraction and one fifth of fraction 12 (arrow) 
were analyzed for E2 by radioimmunoassaying duplicate portions. The control value for the radioimmunoassay, 13 pg per fraction, has not been 
subtracted. The quantity of E2 in fraction 12 has been normalized to correct for the size of the portion tested. (B) High-pressure liquid 
chromatography of K2C03-treated fraction 12. Fraction 12 of the HPLC [arrow in (A)] in which [3H]estradiol-17-stearate migrated was 
evaporated and hydrolyzed overnight with K2C03. The alkali-treated fraction was processed in the usual manner and purified by HPLC on a 
LiChrosorb Diol column with methylene chloride at 1 mllmin. Fractions of I ml were collected. Portions of 100 p1 were counted for detection of 
[3H]estradiol. The remainder of each fraction was analyzed for estradiol by radioimmunoassaying duplicate portions. The control value was < 10 
Pg . 
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