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Development of a Thermostable Alkaline Protease

for Film Recycle
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From the view points of environmental problems, we have constructed an automatic process

using an alkaline protease to recover both silver and polyethylene terephtalate (PET) film base

independently from used X-ray film. In this process the enzymatic hydrolysis reaction was

carried out at 40°C from the standpoints of repeated utilization, the rate of reaction and

inactivation of the enzyme. If this enzyme becomes more thermostable with high activity,

repeated utilization of the enzyme at high temperature would be expected. To increase the

stability of this protease, the f3-turn positions, Ala-38, Ala-165 and Ala-187 were replaced by Pro

and the residual activities of the resultant mutant enzymes treated at 55C for 30 min were

found to be higher than that of the wild-type enzyme (60% as against 30%).
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Effects of enzyme activity and temperature on

decomposition of gelatin layers on X-ray film by an
alkaline protease from Bacillus sp. B21-2
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AprN: -QTVPHGINRY OSRGETGTGYRVAVLDTGI-SN HuLazRGGASFVPGEp NISDC
AprM: - ISFINTQQA NRGIFGNGARVAVLDTGI ASHPDLRIAGGASE 1 S SEP
PB92: AQSVRHWGISRY QAAHNRGLTGSGVKVAVLDTGI STj DLNIRGGASFVPGEP - STQDGNGHGTHVA
YaB:  -QTVPWGINRVQAPTAQSRGETGTGVRAVVLDTGI-SNHADLRIRGGASFVPGEP-NISDGNGHGTQVA
BPN:  AQSVPYGVSQIKAPALHSQGYTGSNVKVAVIDSGIDSSHPDLKYAGGASMVPSETNPFQDNNSHGTHVA
E: AQSYPYGISQIKAPALHSQGYTGSNYKVAVIDSGIDSSHPDLNVRGGASEVP SETNPYQDGS SHGTHVA
Cdz AQTVRYGIPLIKADKVQAQGFKGANVKVAVLDTGIQASHPDLNVVGGASFVAGEA-YNTDGNGHGTHVA

70 80 90 100 110 120
AprN:  GTIAALNNSIGVLGVAPNVDLYGVKVLGASGSGSISGIAQGLQNAANNGMHIANMSL
AprM:  GTIAALNNSIGVLGVAP ADLYAVKVLDRNGSGSLASVAQGIEWATNNNMHI I NMSL STSGSSTLELA
PB92: GTIAALNNSIGVLGVAPNAELYAVKVLGASGSGSYSSTAQGLEWAGNNGMHVANLSLGSPSPSATLEQA
YaB:  GTIAALNNSIGVLGVAPNVDLYGVKVLGASGSGSISGIAQGLQWAANNGMHIANMSLGSSAGSATMEQA
BPN:  GTVAALNNSIGVLGVAPSASLYAVKVLGADGSGQYSWIINGIEWATANNMDY INMSLGGPSGSAALKAA
E: GTIAALNNSIGVLGYSPSASLYAVKVLDSTGSGQYSWIINGIEWATSNNMDV INMSLGGPTGSTALKTV
Ca: GTVAALDNTTGVLGYAPSVSLYAVKVLNSSGSGTYSGIVSGIEFATTNGMDY INMSLGGP SGSTAMKQA

140 150 160 _ 170 180 _190 200
AprN: VNQATASGVLVVAASGNSGAGV—-——VGFPAR-;NAMAVGATDQNNNRASFSQY" SLDIVARGYGVQS
AprM:  YNRANNAGILLVGAAGNTGRQG----VNYPARYSGVMAVAAVDQNGQRASESTYGPE [EISAPGYNYNS
PB92: VNSATSRGVLVVAASGNSGAGS----1SYPARYANAMAVGATDQNNNRASFSQYGAGLDIVAPGYNVQS
YaB:  VNQATASGVLVVAASGNSGAGN----VGFPARYANAMAVGATDQNNNRATESQYGAGLDIVAPGYGYQS
BPN:  VDKAVASGVVYVAAAGNEGTSGSSSTVGYPGKYPSVIAVGAVDSSNQRASESSVGPELDVMAPGVSIQS
E: VDKAVSSGIVVAAAAGNEGSSGSTSTVGYPAKYP'STIAVGAVNSSNQRASFSSAGSELDVMARGVS1QS
Ca:  VDNAYARGVVVVAAAGNSGSSGNTNTIGYPAKYDSVIAVGAVDSNSNRASESSVGAELEVMAPGAGYYS

200 % 220 230 240 250 260 268
AprN:  TVPGNGYSSENGTSMATPHVAGVAALVKQKNPSHSNVQIRNHLKNTATNLGNTNQEGSGLVNAEAATR
AprM:  TYTGNRYVSLSGTSMATPHVAGVAALVKSRYPSYTNNQIRQRINQTATYLGSPSLYGNGLVHAGRATQ
PB92: TYPGSTYASLNGTSMATPHVAGAAALVKQKNPSWSNVQIRNHLKNTATSLGSTNLYGSGLYNAEAATR
YaB:  TVPGNGYASENGTSMATPHVAGVAALVKQKNPSWSNVQIRNHLKNTATNLGNTTQFGSGLYNAEAATR
BPN:  TLPGNKYGAYNGTSMASPHVAGAAALILSKHPNWTNTQVRSSLENTTTKLGDSFYYGKGL INVQAAAQ
E: TLPGGTYGAYNGTSHATPHVAGAAAL 1L SKHPTRTNAQVRDRLESTATYLGNSFYYGKGL INVQAAAQ
Ca: TYPTSTYATLNGTSMASPHVAGAAAL ILSKHPNLSASQVRNRLSSTATYLGSSFYYGKGL INVEAAAQ
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Primary structural homology of AprN with sequences of other alkaline proteases
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subtilisin BPN*'" ([ BPN), subtilisinE'" (KI# E),
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