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The Apoenzyme Reactivation Immunoassay System (ARIS) is a com-
petitive binding assay in which FAD is used as a label."'" The 
concept of the assay is shown below in Figure 1. 

F I G . 1 CONCEPT OF THE APOENZYME REACTIVATED 
IMMUNOASSAY SYSTEM 
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The FAD label is detected by the measurement of the glucose 
oxidase activity generated when excess apoglucose oxidase is 
added to the assay mixture. The assay requires no separation 
because the free FAD label can be detected in the presence of 
antibody-bound analyte-FAD conjugate, which does not activate 
apoenzyme. This homogeneous assay has high sensitivity be-
cause of the intrinsic amplification from the conversion of 
FAD labels into active centers of glucose oxidase. The hydro-
gen peroxide thus generated in the assay can be detected by a 
variety of peroxidase catalyzed chromogenic reactions. 

The synthetically prepared analyte-FAD conjugate is a key com-
ponent in the assay. Its structure must be designed to ensure 
the following certain essential characteristics. First, the 
FAD moiety must retain its function as a prosthetic group for 
glucose oxidase. The analyte portion of the conjugate must 
bind to the analyte-specific antibody such that the FAD activ-
ity of the label is quenched. Free analyte must compete effec-
tively with the conjugate for the antibody binding sites. 
Finally, a general synthetic strategy should be devised to 
obtain a wide variety of stable, highly purified FAD conju-
gates. 

FAD derivatives for ARIS are prepared from N*'-(6-aminohexyl) 
AMP according to the synthetic scheme outlined in Figure 2. 
N -(6-aminohexyl) FAD has found wide application in our lab-
oratory for the labeling of numerous drug derivatives, pro-
teins, and hormones of biological interest. Its synthesis 
begins with the protection of 6-aminohexyl AMP with ethyl 
trifluoroacetate to give the crystalline N-TFA derivative in 
76% yield. This compound is then converted into its FAD de-
rivative by carbonyldiimidazole activation and coupling with 
triethylammonium 5'-FMN in 1:1 DMF-DMSO. Optimum coupling 
reaction conditions were found to be with 1.5 molar equiva-
lents of 51-FMN at 0.1 molar concentration at 30° for 20 h. 
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The crude conjugate is purified by silicic acid chromatography. 
The N-trifluoroacetamide group is then removed by treatment at 
pH 10.5 for 24 h. 6-Aminohexyl FAD is finally isolated in 25% 
yield by either Bio-Gel P-2 chromatography or semi-preparative 
reverse phase HPLC. 

FIG. 2 SYNTHESIS OF FAD DERIVATIVES 
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The synthesis of haptenic-FAD conjugates is illustrated in 
Figure 2 by the method for the preparation of theophylline-
FAD. The lactam of 8-(3-carboxypropyl)theophylline is reacted 
with N^-(6-aminohexyl) AMP, and is then converted to the FAD 
conjugate by the carbonyldiimidazole activation method. The 

2 
crude conjugate and its 2 1 , 3 1-nbosyl carbonate derivative 
are isolated by silicic acid chromatography and then hydro-
lyzed by alkali. Theophylline-FAD is then isolated in 44% 
yield by either Bio-Gel P-2 or reverse phase chromatography. 

A general semi-preparative procedure has been developed in our 
laboratories for the isolation of 10-300 pmolar quantities of 

3 
FAD conjugates from crude reaction mixtures. This rapid 
method, replacing the previous chromatography protocol, is 
illustrated below for the purification of theophylline-FAD. 

FIG. 3 PURIFICATION OF THEOPHYLLINE-FAD 
BY SEMIPREPARATIVE HPLC 
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Product was eluted from the colunn In the 
area designated by the s o l i d bar ( — ) . 
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