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What follows in this electronic supplementary information (ESI) section is relevant to material from the Experimental, and Results and discussion sections

Centrifugal fast analyzer.  A representative flow diagram of the cycling (or amplification), kill-, and readout reagents, added in a timed sequence, as carried out on a Cobas Fara II CFA, is shown in Scheme II.  Here sample addition initiates the cycling sequence (step 1). At a pre-selected time interval the cycle is terminated by addition of kill-reagent (step 2).  Subsequent transfer of the cycle/kill-reagent reaction mixture to the indicator reagent initiates the final read-out (step 3). All three reactions occur in each individual sample cuvette in a total final volume of 111(L.  The volumes shown here do not include the mandatory wash with 2.0 µL of water after each transfer step (see Table 2).
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Scheme 2

     A flow diagram illustrating a series of typical system validation tests using a Cobas Fara II CFA is shown in Scheme III.  Here the several steps (left side, above and below the absorbance vs time plot) correspond to the cycling (G6PDH/GDH), kill (---), and indicator readout (6PGDH) reactions shown in the lower right (eqns, (2(4)), and Scheme I in the Introduction).  Following the initial A340nm rise during the indicator reaction readout, the sharp fall off to the plateau region (○) tells us that the conversion, NADP+ ( NADPH/H+, has ceased due to the total transformation of the cycle-generated 6PG to R5P by 6PGDH. In effect the kill reagent is functioning normally.  An initial A340nm increase followed by a sharp decrease to a lower plateau (□) is diagnostically indicative of residual GDH activity. The kill reagent is not fully effective. Finally, an initial A340nm rise that continues, but downshifts to a significantly lower rate of rise (△), tells us that residual G6PDH activity persists, generating 6PG with the excess the NADP+ (see the Indicator Reagent block, Scheme II) used to drive the indicator reaction, eqn. (4), to completion.
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Scheme 3

CU- and PS-GDH.  Replacement of BLGDH in the BYG6PDH/BLGDH enzyme cycling pair with CUGDH yields significantly higher cycling rates for NADP(H) specific enzyme amplification reactions. But it must be noted that the commercial source of CUGDH (and choice of buffer/solvent) is of critical importance. The CUGDH used in these studies is a lyophilized preparation displaying the same low-temperature (~19oC) inactivation described by Sund's group13.                                                                                                

     Parallel studies with an alternate source (glycerol-solvent based) CUGDH revealed very different behavior from that described above. Results from this work are not included here since this preparation was delisted by the supplier during the course of our studies. However, we note briefly that its activity was glycerol-concentration sensitive. At concentrations up to ~30% (v/v) glycerol was found to destabilize CUGDH, but reactivate BYG6PDH. Increasing the level of glycerol to ~50% reactivated CUGDH, inducing a CUGDH/SL6PGDH coupled reaction (eqns. (3, 4)). In no instance was beneficial stabilization of CUGDH achieved. Attempts at NADP+ amplification produced minimal enhancement, at best.                       
     Inferential evidence suggests CUGDH and PSGDH may possess significant homology. Thus, immunological relatedness of Sulfolobus solfataricus GDH (SSGDH, a thermoacetophilic archaebacterium36 was examined using antisera against SS-, PS-, CU- and RL- (rat liver) GDH. Antiserum against SSGDH reacted with its raised antigen, but not with other antigens. None of the other antisera reacted with SSGDH. Antisera against PSGDH and CUGDH crossreacted with PSGDH, CUGDH and RLGDH. Antiserum against RLGDH reacted only with its own immunogen. Whether this lack of cross reaction arises from an evolutionary distance of the archaebacterial from the eukaryotic and bacterial enzymes, or a high-temperature altered structure remains to be established. However, recent reports on the S.solfataricus genome37, 38  suggest a mechanism for transfer of genetic elements between archaea, bacteria and eukarya.                                                                                    

Commentary on the Compositie Kill-reagent.  The combined use of surfactant, H2O2 and A. niger catalase in our composite kill-reagent derives from the work of other groups who examined the diverse effects of these reagents individually on a variety of enzymes and substrates. Enzyme activation, or unusual resistance to protein denaturation by SDS, are well known phenomena. Thus, BLGDH39 and BL-catalase40 are inactivated by SDS. In contrast, SDS activates A. niger catalase41 by up to 180%42.  It has been suggested that the binding of SDS to A. niger catalase may result in a small conformational change facilitating the enzymic reaction.36                                                                               
     H2O2 and A. Niger Catalase. The lethal effects of peroxide on the thiol groups of G6PDH43 , GDH32, and 6PGDH44 are well known. H2O2 serves as a proven agent of 2-oxo-glutarate destruction in enzymatic cycling with GDH.45 It is essential that preservative-free peroxide be used in these kill-reagent studies. When preservative-free peroxide was replaced with H2O2 stabilized with 1ppm Na2SnO3 in one experiment, the entire cycling system (eqns. (2(4)) was rendered inoperative. In subsequent experiments we found that the use of H2O2 which meets the purity specifications of the computer-chip manufacturing industry (Clean-room- (giga- or tera-byte) grade) showed no adverse effects on our cycling reactions.                                 

    The ability to selectively target the destructive action of H2O2 on the cycling enzymes in the automated assay depends entirely on both the use and positioning of A. niger catalase. If catalase is added to the indicator reagent, extensive destruction of SL6PGDH occurs before catalase can completely destroy the residual peroxide. On the other hand, incorporation in the cycle-reagent insures destruction of (BL-, CU- and PS-) GDH and protection of SL6PGDH. Its presence had no deleterious effects on the functioning of the cycle enzymes during amplification. Thus catalase serves a dual role. It is both an enhancer, generating in-situ oxygen during the run-time of the kill-step, and a protectant, insuring destruction of the residual peroxide before it can damage SL6PGDH.                                                                         

    The use of a fungal-source catalase is preferred for several reasons.  No presence or uptake of NADP(H) was detected with A. niger catalase46, 47. In contrast, mammalian catalase is known to tightly bind NADPH diminishing the ability of H2O2 to convert the enzyme to an inactive state48. SDS inhibition of the bovine enzyme (noted previously) argues against its use. 
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