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Development of an Enzyme-Linked Immunosorbent Assay for Geosmin 

Si-Yin Chung,’J John  R. Vercellotti,t Peter B. Johnsen,’ and  Phillip H. Klesiust 

Southern Regional Research Center, Agricultural Research Service, US. Department of Agriculture, P.O. Box 
19687, 1100 Robert E. Lee Boulevard, New Orleans, Louisiana 70179, and Animal Parasite Research 

Laboratory, Agricultural Research Service, US. Department of Agriculture, P.O. Box 952, Wire Road at  
Simms Drive, Auburn, Alabama 36830 

A direct competitive ELISA for geosmin (a mustylearthy off-flavor compound) was developed. Antibodies 
were produced in goats injected with a BSA-argosmin C (a dehydration product of geosmin) conjugate. 
The sensitivity and specificity of the antibody were respectively determined in a microtiter plate coated 
with the purified antibody which was subsequently detected with an alkaline phosphatase-argosmin 
C conjugate. The antibody had the most cross-reactivity with an argosmin C related compound, namely, 
4,4a,5,6,7,8-hexahydro-4a-methyl-2(3H)-naphthalenone. It cross-reacted equally with geosmin, 2-ke- 
togeosmin, and 2-decalone but had limited recognition for norbornane, indicating that the binding of 
the antibody was restricted mainly to the bicyclic structure (A and B rings) of geosmin. Because i t  had 
some cross-reactivity with 2-methylisoborneol (MIB), it was assumed that the methyl group in geosmin 
might also play a role in antibody recognition. In addition, the presence of two OH groups on the A 
and B rings of 1,Bdecalindiol also had an effect on the antibody binding. The assay had a sensitivity 
of 1 pg/mL. 

INTRODUCTION 

Two off-flavor compounds that  have long been known 
as the cause of earthy/musty odor problems in drinking 
water (Aoyama, 1990; Yagi, 1988; Burlingame e t  al., 1986; 
Izaguirre et al., 1982; McGuire e t  al., 1981) and in fish 
(Martin e t  al., 1987; Lovell, 1983; Yurkowski and Tabachek, 
1980) have been identified as geosmin (1) (1,lO-dimethyl- 
9-decalol) and 2-methylisoborneol (MIB). These com- 
pounds are produced as metabolites by microorganisms 
such as actinomycetes and blue-green algae (Maga, 1987; 
Sugiura e t  al., 1986; Gerber, 1983; Tabachek and Yurkows- 
ki, 1976; Medsker et al., 1968). Fish producers and water 
suppliers are most affected by the off-flavor problem 
because of their inability to market their fish crop and 
water when desired. Processors need to do a thorough job 
of screening and taste-testing fish and water for flavor 
quality to maintain standards. While gas chromatogra- 
phy can be used to determine the flavor status of fish and 
water, the method requires extensive sample cleanup 
procedures and expensive equipment and is time- 
consuming. A technique such as an enzyme-linked im- 
munosorbent assay (ELISA) can be used as an alternative 
to detect the off-flavors. ELISA offers considerable 
advantage over gas chromatography in terms of cost, time, 
simplicity, ease of sample preparation, and minimal 
training. Recently an ELISA for MIB has been developed 
(Chung et al., 1990). 

In an attempt to develop an ELISA for geosmin, 
derivatives of geosmin were synthesized. Of these 2-ke- 
togeosmin (3) was made with the desire that a 2-keto- 
geosmin O-(carboxymethy1)oxime (4) could be obtained 
for subsequent coupling with bovine serum albumih (BSA) 
to form a BSA-geosmin conjugate. However, isolation of 
the oxime was unsuccessful. Alternatively, an oxime 
derivative of argosmin C, namely, 2-ketoargosmin C 0-(car- 
boxymethy1)oxime (5), was isolated. Argosmin C (2) is 
known to be a dehydration product of geosmin (Gerber, 
1968; Rosen, 1968). 
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This study reports the feasibility of using polyclonal 
antibodies raised against a BSA-argosmin C conjugate to  
develop an ELISA for geosmin. 

MATERIALS AND METHODS 

Materials. Chemicals purchased from Aldrich Chemical Co. 
(Milwaukee, WI) included 2-methylcyclohexanone, l-chloro-3- 
pentanone, lithium, carboxymethoxylamine hemihydrochloride, 
norbornane, 2-decalone, 1,5-decalindiol, and 4,4a,5,6,7,8-hexahy- 
dro-4a-methyl-2(3H)-naphthalenone. Ammonia gas was obtained 
from Matheson Gas Products (LaPorte, TX). Bovine serum 
albumin (BSA), Tris-buffered saline (TBS), alkaline phosphatase, 
p-nitrophenyl phosphate, rabbit antigoat IgGhorseradish per- 
oxidase, and o-phenylenediamine dihydrochloride were purchased 
from Sigma Chemical Co. (St. Louis, MO). Protein G Acti-Disk 
(47-mm matrix diameter; matrix thickness 0.55 mm, pore 1 pm) 
was obtained from FMC BioProducts (Rockland, ME). Precast 
polyacrylamide gels were purchased from Schleicher & Schuell 
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Table I. Characteristics of 2-Ketoargosmin C 
0-(Carboxymethy1)oxime 

2-ketoargosmin C 
method 0-(carboxymethy1)oxime 

251 (67), 176 (641, 160 (941, 91 (85), 79 (71) 
3000-2500, 1738,1700, 1600, 1247 
see text for details 
C, 66.93; H, 8.37; N, 5.57 

analyses (calcd for C~H2103N) 
C, 67.12; H, 8.4; N, 5.45 (found) 

MS m/z  
IR (CHCls), cm-1 
NMR (CDC13) 
elemental 

UV max, nm 252 

Ri ( T W  0.6 
mp, " C  121-123 

temperature, and concentrated by evaporating the ethanol with 
nitrogen gas. Water (50 mL) was then added, and the pH was 
adjusted to 9.4 with approximately 6 mL of 1 N NaOH. The 
solution was washed twice with 40 mL of ethyl acetate. The 
aqueous layer was then adjusted to pH 4.7 with about 6 mL of 
1 N HC1. The precipitate thus obtained was washed with 500 
mL of cold water and dried in vacuo with anhydrous calcium 
sulfate. The resultant 5 gave the following NMR data in addition 
to those indicated in Table I: lH NMR (CDC13,360 MHz) 6 3.01 
(aH, C-3), 2.28 (BH, C-3), 1.65 (BH, C-4), 1.5 (aH, C-4), 1.65 (C-5, 
eH), 1.25 (C-5, aH), 1.6 (C-6, a and e H's), 1.85 ((3-7, eH), 1.28 
(C-7, aH), 2.73 (C-8, eH), 1.95 (C-8, aH), 1.79 (C-1 CH3, doublet), 
1.08 (C-lO,CH3), 4.63 (OCHz), 10.5 (-CO*H). Coupling constants 
(J) are apparent first-order values. A doublet exists for the meth- 
yl group at C-1 w i t h J ~ ~ 3 , ~ . &  = 1.2 Hz. Signals for the C-3 protons 
are well separated from those of other protons, and each proton 
displays the eight lines expected for an ABXY system: JWm = 
17.6,J~,~=3.2,J394a=4.7,J3~46=5.9,J3-=13.6Hz. TheJ,, 
of H-8 and J ~ c  of H-8a and the H-7 protons were analyzed through 
coupling constants derived from a 500-MHz spectrum in which 
the H a  and H,e signals do not overlap: JEem = 19.1, JBC,~ = 14.3, 
Jh,e = 4.8 Hz; '3C NMR (CDCl3, 90.556 MHz) 121.27 (C-l), 160.44 
(C-2), 19.64 (C-3), 36.49 (C-4), 41.90 (C-5), 21.70 (C-6), 27.00 
(C-7), 26.67 (C-8), 151.90 (C-9), 35.38 (C-lo), 12.20 (C1-CH3), 
22.69 (C~O-CH~), 70.15 (OCHt), 173.54 (C02H). 

Preparation of BSA-Argosmin C Conjugate. 2-Ketoar- 
gosmin C 0-(carboxymethy1)oxime (5) was coupled to BSA 
according to the mixed anhydride method as described by Chung 
et al. (1990). The resultant BSA-argosmin C conjugate was 
characterized by means of UV spectral analysis. 

Immunization and Test for Presence of Antibodies in 
Serum. Immunization of goats with the BSA-argosmin C 
conjugate and test in ELISA were respectively performed 
according to the method of Chung et al. (1990). A microtiter 
plate (Immulon 11, Dynatech) coated with an ovalbumin- 
argosmin C conjugate (prepared in the same way as the BSA- 
argosmin C conjugate) was used in the ELISA to test antisera 
for the presence of antibodies. A rabbit antigoat IgG-horseradish 
peroxidase conjugate and its substrate (0-phenylenediamine di- 
hydrochloride) were used as the detecting system in the ELISA. 

Preparation of an Alkaline Phosphatase-Argosmin C 
Conjugate. The enzyme conjugate was prepared according to 
the mixed anhydride method. Briefly, a mixture of triethylamine 
(1 rL) and 2-ketoargosmin C 0-(carboxymethy1)oxime (5) (1.65 
mg) in tetrahydrofuran (1 mL) was cooled to -5 "C. Isobutyl 
chloroformate (1 pL) was added to the mixture and the resultant 
solution stirred for 30 min at -5 "C. The solution (0.2 mL) was 
then added dropwise to 2 mL of a cold solution of alkaline phos- 
phatase (1 mg/mL) in 5% aqueous dioxane, pH 9. Sodium 
hydroxide was added to maintain the pH. The mixture was then 
stirred overnight at 4 "C, dialyzed against 0.05 M Tris buffer, pH 
8.2, and 0.001 M MgC12, and stored at 4 "C. 

Purification of Antibody. The antibody was purified by 
using a protein G Anti-Disk. Before the antiserum was applied, 
the disk was washed with 60 mL of PBS at a rate of 6 mL/min 
and equilibrated with an additional 60 mL. The antiserum was 
diluted 1 : l O  in PBS, and 10 mL of the diluted serum was re- 
circulated through the disk at a rate of 3 mL/min for 1 h. The 
disk was washed with PBS (150 mL), and IgG was isolated by 
eluting with 0.1 M glycine hydrochloride (60 mL), pH 2.8. The 
eluted IgG fractions (5 mL each) were then neutralized with 1 
M Tris, pH 9.6 (0.25 mL per fraction), concentrated in an Am- 

(Keene, NH). Microtiter plates of Immulon I1 and plate reader 
M700 were purchased from Dynatech Laboratories, Inc. (Chan- 
tilly, VA). Geosmin was obtained from Givaudan Co. (Paramus, 
NJ). MIB was synthesized in our laboratory according to the 
method of Wood and Snoeyink (1977). 

13C and 1H nuclear magnetic resonance (NMR) spectra were 
obtained at 90 and 360 MHz, respectively, with a Bruker AM- 
360 spectrometer at  300 K using ca. 15 mg of sample in 0.5 mL 
of CDC13 in all experiments except the long-range C/H coupling 
experiment in which a solution of ca. 45 mg in 0.5 mL of CDC13 
was used. Assignments of chemicalshiftsare based on lH, COSY, 
decoupling, NOE, 13C, DEPT, and HETCOR NMR spectroscopy. 
Protons in ring A are labelled B (cis to C~O-CH~) and a (trans to 
C1o-CH3). Protons in ring B, which presumably exists in an 
approximate chair form, are labeled a (axial) and e (equatorial). 
Infrared (IR) spectra were obtained on a Bio-Rad Digilab FTS 
40 Fourier transform infrared spectrophotometer. Mass spectra 
(MS) (direct probe or GC/MS) were obtained at 70 eV on a 
Finnegan 4500 mass spectrometer with Incos data system. 
Elemental analyses were performed by Galbraith Laboratories, 
Knoxville, TN. Thin-layer chromatography (TLC) on silica gel 
60 was developed with ethyl acetate/methanol/ammonium 
hydroxide (6535:ll) and visualized with iodine vapors. Scanning 
UV spectrophotometry was carried out on a Gilford response 
instrument. 

Synthesis of 2-Ketogeosmin (3). l,lO-Dimethyl-l(g)-octal- 
2-one (2b). 2b was prepared with some modification of the 
method of Zoretic et al. (1975). Briefly, a mixture of 2-meth- 
ylcyclohexanone (2a) (28.46 mL), 1-chloro-3-pentanone (52.72 
mL), and concentrated sulfuric acid (0.55 mL) in benzene (110 
mL) was refluxed for 18 h and then cooled to room temperature. 
A solution of diluted sodium bicarbonate (60 mL of a mixture 
of saturated bicarbonate and water in 1:l ratio) was added. The 
resulting mixture was concentrated by evaporating the benzene 
and extracting three times with ether (50 mL each). The ether 
extract was washed with 100 mL of water, dried over magnesium 
sulfate, filtered, and concentrated. The residue was distilled in 
vacuo (water bath at 50-90 "C) to give the first fraction (32 "C, 
0.17 mm), following which an oil bath (140 "C) was used to distill 
the remainder of the residue, thus giving the second fraction: bp 
90 OC, 0.2 mmHg (ref bp 89 "C); MS m / z  = 178. 

l,l0-Dimethyl-l(9)-epoxyoctal-2-one (2c). 2c was prepared 
according to themethod of Ayer et al. (1976). Briefly, toasolution 
of 2b (13.4 g) in methanol (303 mL) at 0 "C were added dropwise 
simultaneously 30% hydrogen peroxide (24.24 mL) and 4 N 
NaOH (11.71 mL). The mixture was stirred at  0 "C for 3 h and 
then allowed to stand for 1 day at  0 "C and 3 days at room tem- 
perature. The methanol in the resulting mixture was removed 
by evaporation under reduced pressure. Water (50 mL) was 
added to the residue, and extracted three times with ether (50 
mL each). The ether extract was washed with 100 mL of water, 
dried over magnesium sulfate, filtered, and concentrated. The 
residue was distilled in vacuo by use of an oil bath (135 "C) to 
give an oily mixture (12.1 g, 83%): bp 91-94 "C, 0.15 mmHg (ref 
bp 90-93 "C); MS m / z  = 194. 

2-Ketogeosmin (3). 3 was prepared with some modification 
of the method of Ayer et al. (1976). Briefly, liquid ammonia (600 
mL) was distilled through sodium hydroxide to a chilled 3-neck 
round-bottom flask containing 2c (8.8 9). Lithium (2.0 g) was 
added, and the resulting mixture (blue) was allowed to stir for 
6 h (a dry ice condenser refluxed the liquid ammonia). Excess 
ammonium chloride (40 g) was added until the blue color 
disappeared. The ammonia was then allowed to evaporate. Water 
(100 mL) was added and extracted three times with ether (50 mL 
each). The ether extract was washed with 100 mL of water, dried 
over magnesium sulfate, filtered, and concentrated, leaving a 
slightly turbid yellow oil (8.1 g) which solidified on standing 
overnight at below 0 "C. Crystallization from hexane gave 3 (2.5 
g, 56%): mp 109-110 "C (ref 109-110 "C); MS m / z  = 196; IR 
(CHC13) 3482, 1700 cm-1 (ref 3600, 1720 cm-9. 

Synthesis of 2-Ketoargosmin C 0-(Carboxymethy1)ox- 
ime (5). The oxime 5 was prepared with some modification of 
the method of Chung et al. (1990). Briefly, a mixture of 2-ke- 
togeosmin (3) (0.447 g) in ethanol (10 mL) and carboxymethox- 
ylamine hemihydrochloride (1.115 g) in 2 N NaOH (7.6 mL) was 
heated at 45 "C for 30 min, allowed to stand overnight at  room 
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icon cell (YM 30 membrane), and stored at  -20 "C. The protein 
concentration was determined from an extinction coefficient of 
DJ% at 280nm (=1.4). Thepurityoftheantibodywasconfirmed 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
under reduced condition. 

Competitive ELISA. A direct competitive ELISA between 
geosmin and alkaline phosphatase-argosmin C conjugate for the 
purified antibody adsorbed to the plate was carried out. To 
determine a standard curve, geosmin at a concentration ranging 
from 0.1 to lo00 pg/mL in 5% ethanol-TBS was used. Briefly, 
a solution of geosmin was incubated with an equal volume of 
enzyme conjugate (1:lOOO) in ethanol-TBS-ovalbumin (1 %) at 
25 "C for 5 min. The mixture (100 rL/well) was added to a 
microtiter plate that had been coated overnight at 4 "C with 
purified antibody (5 pg/mL) in carbonate buffer, pH 9.6, and 
blocked at  37 "C for 3 h with 0.5% gelatin. The plate was 
incubated for 60 min and washed three times with TBS-Tween 
20 (0.05%). A substrate solution containing o-nitrophenyl 
phosphate (1 mg/mL) in 10% diethanolamine and 0.5 mM MgC12, 
pH 9.8, was added. After incubation in the dark at  25 OC for 2 
h, the reaction was terminated by adding 50 pL of 2 N NaOH. 
Absorbance at 405 nm was then read in a Dynatech MR700 plate 
reader. A standard curve was prepared by plotting the percent 
of maximum absorbance versus the concentration of geosmin on 
semilog scale. The percent of maximum absorbance is defined 
as (A,/Ao) X 100, where A, and A0 are the absorbance obtained 
at each standard concentration and the absorbance of the blank 
in the absence of geosmin, respectively. 

An indirect competitive ELISA between free geosmin and 
bound argosmin C for the antibody was also performed according 
to the procedure of Chung et al. (1990). 

Determination of the Specificity of the Antibody. To 
determine the antibody specificity, geosmin, MIB, norbornane, 
and six other geosmin structurally related compounds were tested 
in the direct competitive ELISA. The percent cross-reactivity 
(CR) was then determined and defined as: CR (%) = I&- 
(geosmin)/ICw(test compound), where ICw(geosmin) is the 
concentration of geosmin causing a 50% reduction in maximum 
absorbance and ICw(test compound) is the concentration of test 
compound causing similar reduction. 

RESULTS AND DISCUSSION 

Characterization of 2-Ketoargosmin C O-(Carbox- 
ymethy1)oxime (5). In an attempt to prepare 2-keto- 
geosmin O-(carboxymethy1)oxime (4), 2-ketogeosmin (3) 
was synthesized (Figure 1) and allowed to react with car- 
boxymethoxylamine (Figure 2). Attempts to isolate 4 from 
the reaction mixture were unsuccessful, and instead, 2-ke- 
toargosmin C O-(carboxymethy1)oxime (5) was obtained 
(Figure 2). I t  was thought that  the reason 4 could not be 
isolated was because it had changed to 5 as a result of pH 
adjustment with HCl during isolation. Gerber (1983,1968) 
and Rosen (1968) have reported that acid treatment of 
geosmin (1) could lead to the formation of argosmin C (2), 
a dehydration product of 1. 

The existence of 5 was confirmed by means of MS, IR, 
NMR, and elementary analyses (Table I). Although a 
mass spectrum similar to that of 5 may be exhibited by 
4 due to  very little molecular ion given by the tertiary 
alcohol in 4, the absence of OH in IR and NMR data proved 
that the mass spectrum was related to 5 and not 4. The 
IR spectrum of 5 showed absorption expected for a car- 
boxylic acid (3000-2500,1738, and 1247 cm-l) and double 
bonds (1700 and 1600 cm-l). By use of scanning UV spec- 
trophotometry, 5 in an ethanollwater solution (1:l) gave 
a peak maximum a t  252 nm with a molar absorptivity of 
23800. On TLC 5 migrated with an Rf value of 0.6 
compared to  Rf 0.95 observed with 3. 

Spectral data from NMR studies (see Materials and 
Methods) indicated that 5 is a single isomer that must 
have either Z or E isomer structure 5a or 5b (Figure 3a). 
When the ZIE isomerism of the oxime was assigned, 5a 
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Figure 1. Steps in the preparation of 2-ketogeosmin (3). 
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5 
Figure 2. Preparation of 2-ketoargosmin C O-(carboxymethyl)- 
oxime (5). 

was a priori deemed to be the more likely isomer. There 
is less steric crowding in 5a; in general, when both 2 and 
E isomers are formed, the less crowded isomer predom- 
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Figure 3. (a) Isomers of 2-ketoargosmin C 0-(carboxymethyl)- 
oxime (5a,b). (b) E isomer of testosterone 0-methyloxime (6). 
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Figure 5. Titration of goat antisera. Preimmune serum (0) or 
antiserum drawn at week 3 (O),  4 (A), 6 (A), or 8 (0) was serially 
diluted and assayed in a microtiter plate coated with ovalbumin- 
argosmin C conjugate. Antibodies were detected with a rabbit 
antigoat IgGhorseradish peroxidase conjugate. 
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Figure 6. Standard curves for geosmin. (0) Direct competitive 
ELISA. Microtiter plates were coated with purified antibodies 
which were detected with an alkaline phosphatase-argosmin C 
conjugate. (0) Indirect competitive ELISA. Plates were coated 
with an ovalbumin-ugosmin C conjugate, followed by incubation 
with antibodies which were detected with an antigoat I g G  
horseradish peroxidase conjugate. 

200 226 252 270 304 330 

Figure 4. Comparison of the UV absorption of BSA and BSA- 
argosmin C conjugate. 
inates. Irradiation a t  OCHz in 5a results in a slight (0.3 '% ) 
enhancement of only the signal due to H-3a (trans to the 
C ~ O - C H ~  group). The chemical shift of 13C-3 (19.6 ppm) 
is similar to the corresponding signal in (2)-2-butanone 
oxime (21.5 ppm) (Silverstein et  al., 1981); this signal is 
a t  lower field (29.0 ppm) in the E isomer. Structure 5a 
is established by comparison with literature data of model 
compounds, the 0-methyloximes of testosterone (6) (Fig- 
ure 3b): (a) the E isomer has a UV maximum a t  251 nm 
(16 200), while the 2 isomer has a UV maximum a t  259 
(2500) (Hara et  al., 1967). Replacement of H-1 by a CHB 
group should shift the maxima to longer wavelengths by 
about 5 nm. (b) By use of the numbering of 3 for the 
testosterones, a t  100 MHz the E isomer shows lH NMR 
signals a t  3.0 ppm (dt, J = 18.5 and 4.8 Hz) for H-3a; H-30 
overlaps with H-8a and H-8e signals (2.0-2.4 ppm). In 
the 2 isomer the H-3 and H-8 protons all resonate a t  2.1- 
2.4 ppm (Oka and Hara, 1968). 

Character izat ion of BSA-Argosmin C Conjugate. 
The formation of the BSA-argosmin C conjugate could be 
confirmed by scanning the conjugate in the ultraviolet a t  
252 nm, where 2-ketoargosmin C 0-(carboxymethy1)ox- 
ime (5) gave a UV maximum. As shown in Figure 4, a 
peak corresponding to 5 was observed. This peak, not 
seen in the control (i.e., BSA), indicated that 5 had been 
bound to the BSA. The molar ratio of BSA to argosmin 

Wavelength (nm) C was found to be 1:15 according to the method of Er- 
langer et  al. (1957). 

Detection of Antibodies in Goat Serum. The pres- 
ence of antibodies in goat serum was demonstrated by 
comparing the titration curves of both preimmune serum 
and antisera (Figure 5). While noantibodies were detected 
in the preimmune serum, the antiserum did show a 
considerable increase in the antibody titer (defined as the 
antiserum dilution that gives an absorbance reading of 0.3 
above the blank) during a 4-week period. Antibodies were 
detected as early as 3 weeks and increased dramatically 
a t  weak 4 following a booster injection. At  week 6 the 
antibody titer was seen to decrease. Despite an additional 
booster injection, a continued decrease in the titer a t  week 
8 was observed. For the development of an ELISA for 
geosmin, antiserum obtained a t  week 4 was used. 

Assay Development. Both indirect and direct ELI- 
SAs were examined. In the indirect ELISA, the micro- 
titer plate was coated with an ovalbumin-argosmin C con- 
jugate and then incubated with antibodies. Detection of 
the bound antibodies was achieved by incubation with an 
antigoat IgG-peroxidase conjugate, followed by a sub- 
strate. In the case of direct ELISA, purified antibodies 
were adsorbed to the plate, followed by incubation with 
an alkaline phosphatase-argosmin C conjugate and then 
the substrate. Both ELISA systems applied a protein 
concentration of 5 pg/mL for coating in the plate. For 
competitive binding, a dilution of alkaline phosphatase 
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Table 11. Specificity of Antibody toward Related 
Compounds 
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160 % cross- 
Compound Structure (pg/mL)O reactivity6 

Chung et al. 

rings in antibody binding came from the study on nor- 
bornane and the two other geosmin structurally related 
compounds, 2-ketogeosmin and 2-decalone. The latter 
two compounds have A and B rings with cross-reactivity 
similar to (Le., 100%) that of geosmin, whereas almost no 
cross-reactivity was seen for norbornane with a ring 
structure different from that of geosmin. The only 
exception for A and B ring antibody recognition is 1,5- 
decalindiol with a cross-reactivity of 14 % . This low cross- 
reactivity may be attributed to the presence of an OH 
group on each of the A and B rings (positions 1 and 5), 
which might hinder the binding of the aniibody to the 
compound. Such an effect of additional side groups on 
antibody binding has been reported by Chung et  al. (1990). 

In addition to the ring structure, the antibody appeared 
to be able to bind to some methyl groups. This was 
demonstrated in the cross-reactivity study with MIB. As 
shown in Table 11, MIB cross-reacted to some extent (35 % ) 
with the antibody. Since norbornane (Le., the ring in MIB) 
had almost no cross-reactivity with the antibody, it was 
assumed that the cross-reactivity with MIB was due to 
the presence of one or more methyl groups in MIB. 

Conclusion. In this study, an oxime derivative of a 
geosmin structurally related compound (Le., argosmin C) 
was synthesized, characterized, and conjugated to BSA. 
Antibodies raised against the BSA-argosmin C conjugate 
were able to recognize geosmin in ELISA. The binding 
of the antibody appeared to be restricted primarily to the 
A and B rings in geosmin with some recognition of the 
methyl group. In addition, the binding capacity of the 
antibody could be greatly reduced if there is an OH group 
on each of the two rings (positions 1 and 5). The assay 
had a sensitivity of 1 pg/mL. Despite its inability to detect 
low concentrations of geosmin in water (e.g., human odor 
detection threshold being near 10 ng/L), the assay should 
find use as a means of rapid screening of geosmin under 
special circumstances or when the water is concentrated. 
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