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A Novel Approach to the Determination of Trace a-Amylase by Photographic Assay.
The Synthesis and Enzymatic Characterization of an Oligosaccharide Derivative

as a Substrate for o- Amylase from Porcine Pancreas

Mitsunori ONO,* Nobuo SUZUKI, Shigeo HIRANO, Isamu ITOH, and Nobuhito MASUDA
Research Laboratories, Ashigara, Fuji Photo Film Co. Ltd., Kanagawa 250-01

In line with a new concept for the photographic assay on the basis
of chemical amplification by the catalytic Ag® nuclei, ana-amylase sub-
strate containing a new sensitive labeling component and a bioaffinity
group was designed and synthesized. The analysis of enzymatic degra-
dation proved that the substrate can release efficiently the labeling
component without loss of photographic activity.

Various tools have been developed for the determination of trace organic compounds.”
One of the most valuable amplification methods uses the combined action of an enzyme and
a fluorescent dye as a marker, especially in enzyme immunoassay.z) On the other hand,
a photographic process also includes a sensitive chemical amplification step catalyzed by Ag°

3)

nuclei which initiate the formation of silver images. Although the Ag® nuclei are normal-
ly produced by exposure to light, we observedq) that they are formed by treatment of an
unexposed negative film with 1-(3-[4-(2-formylhydrazino) phenylaminosulfonyl]-5-mercapto-
tetrazole 1 (a nucleating reagent)s) without the benefit of exposure. Moreover, a linear
relationship clearly existed between the optical density of the film developed and the loga-
rithm of concentration of 1 over the range from 4.0 x 108 Mtos.0x10'"M. On the

basis of the findings, we proposed an imaginary system A as a substrate for the determi-

nation of a-amylase by using a highly sensitive photographic assay procedure.q)
Bioaffinity Site Enzyme Recognition Sites Photographic Assay Site
System A

We present herein a successful embodiment of the system A incorporating a more sensi-
tive nucleating reagent 2a as a labeling component. Figure 1 (line A) shows the assay
6) It is
noteworthy that a clear straight line exists between 2.0 x 1078 M and 8.0 x 107" M of 2a
in Fig. 1. Although a structural proposal involving a facile ring closure of the analogue 3

to 4 via 6-End-Dig pathway” has been advanceds) to account for the unusual reducing

profile of 2a by using a particular negative film having a cationic polymer layer.

power of compounds of this type, the true nucleating power of 2a may result from both the
reducing and adsorptive activities because the lack of the thiocarbonyl moiety in 2a lowers

it toward AgBr grains (Fig. 1, line B for 2b).
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9)

A plausible o-amylase substrate incorporating d(+)-biotin”’ and 2a was designed as 5.
The synthesis was performed in a straightforward manner as described below. The diol 6b,
on treatment with 7 and dry p-TsOH under reduced pressure, formed 8a in 70% yield,
which was hydrolyzed with NaOCH in CH OH to yield 8b, quantitatively. Catalytic hy-

drogenation of 8b on 10% Pd/C in aqueous CH OH produced 8c in 92% yleld Transformation
10)

of 8c into 5 was accomplished by coupling of 8c to 2c in DMF to afford 5 in 45% yield.
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Prior to the continuous enzymatic degradation of 5 with a- amylase, glucoamylase, and

11)

o~glucosidase according to the assay procedure, the molecular activities (k,) of several
amylases for 6a were determined in order to select an appropriate endoamylase for the in-
itial cleavage of 5. At the optimum pH, the k, of a-amylases from porcine pancreas ,

12) ere 640 s '(pH 7), 485 s '(pH 6), and 200

5_1(pH 6), respectively. These results indicated that a- amylase from porcine pancreas

Aspergillus oryzae, and Bacillus Subtilis

can be employed to advantage. Table 1 shows the cleavage patterns and the k, of the



Chemistry Letters, 1991 397

amylase for 5, 8b, and 9e. Since the replacement of the reducing end by 2a resulted in

the lowering of the k, in spite of the absence of substituents on the nonreducing end

(run 1 and 3), it is considered that ‘_ e CoComa e Commo e Comome e Comeee e @
o 13) ()Coy-Gy Goy-Gry- Gy Gy

o-amylase subsite affinity may be I m 1 1w v vi
strongly affected by the quaternized Table 1. Cleavage distribuition of 5, 8b, and
structure in 5. 9e and the k, of o- amylase from p. pancreasd)

As shown in Fig. 2, the HPLC Run Compound I?'Stlrl"lbult{;’"/\;* Vi ko /s 1
analysis of 5 was performed by direct 1 5 70 27 3 11
comparison with authentic fragments 2 8b 24 28 45 3 192

3 9e 3 55 36 6 10

(9a-9e). First, 5, consisting seven

glucose units, is predominantly cleaved a)All reactions were performed in GP buffer (pH
6.5) at 25 °C for 20 min.[S]1=10"3M, [E]=2.0x10"9M.

with a-amylase to give 9b and 9c (Fig.
2c), and the subsequent treatment with glucoamylaselz) exhibiting a simple action pattern

splitting off glucose from the nonreducing endsm) affords 9a (Fig. 2d). Finally, a-glucosi-
dasen) can hydrolyze 9a at the anomeric position to release 2a (Fig. 2e). Thus, the enzy-
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Fig. 2. Continuous enzymatic treatment of the substrate 5.

(a) (b) (f) HPLC analysis of 2a, 5, and 9a-9d. Separation was achieved on a Cig-reverse
phase column eluted isocratically with CH3CN:H20 = 70:30 (v/v$) containing 0.1%
C7H15S03Na; flow rate 5 cm3/min. Compounds retention time(r.t.), 9d, 2.7 min; 9c, 3.4
min; 9b, 4.4 min; 9a, 6.4 min; 5, 1.7 min; 2a, 18.9 min. (c) HPLC analysrs of the
products from 5 degraded with a- amylase Reaction conditions, 5 (1.1x10-3 M, 0.27 cm3);
a-amylase (3.9x10-9 M, 0.03 cm3), 5 min at 30 °C in 50 mM GP buffer (pH 6.5) containing
0.5 M NaCl. Elution conditions, see above; products, r.t., 9c, 3.3 min; 9b, 4.4 min; 9a,
6.4 min. (d) HPLC analysis of the products from Fig. 2c degraded with glucoamylase (1.9
x10-5 M,0.01 cm3). Reaction time and temperature; 20 min at 30 °C. Elution conditions,
see above; products, r.t., 9c, 3.3 min; 9b, 4.4 min; 9a, 6.4 min. (e) HPLC analysis of
the products from Fig. 2d degraded with a- glucosidase (1.9x10-5 M, 0.01 cm3). Reaction
time and temperature; 30 min at 30 °C. Elution conditions, see above; products, r.t., 9b,
4.4 min; 9a, 6.4 min; 2a, 18.6 min. o
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matic characterization proved that 5 can serve as as an a- amylase substrate in the photo-
graphic assay procedure. The direct assay of graded amounts of the residue after a simi-
lar exhaustive degradation of 5 (2.0 x 1070 M) with enzymes (o- amylase, 10_9 M) for 45
min at 30 °C, gave a comparable assay profile to that of 2a without a lowering of photo-
graphic activity. Data for the continuous enzymatic treatment of 5 indicated the clear
elimination of a serious problem concerning loss of the labeling reagent activity, especially
in a highly sensitive assay system. These results are significant because the net concen-
tration of a-amylase can be calculated in principle by maltiplication of the concentration of
2a observed by the apparent k, for the reaction time, when excess § is separated.15)

In conclusion, This provides the first successful approach for application of a photo-
graphic system into a quantitative determination of trace organic molecules. Details of a

novel enzyme immunoassay system incorporating this procedure will be appear elsewhere.m)
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