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74 gammad–yclodextrinrNaNreviewNonNenzymaticNproductionNandNapplicationseNAppliedoMicrobiologyoando
BiotechnologycN2007cNnncNikldll 5.7 154

73 IdentificationNandNcharacterizationNofNbacterialNcutinaseeNJournaloofoBiologicaloChemistrycN2008cNiojcNilolkdmi5.4 142

72 βngineeredNThermobifidaNfuscaNcutinaseNwithNincreasedNactivityNonNpolyesterNsubstrateseN
BiotechnologyoJournalcN2011cNmcNhijgdp 5.6 90

71 ImprovingNtheNthermostabilityNandNcatalyticNefficiencyNofNzacillusNderamificansNpullulanaseNbyN
siteddirectedNmutagenesiseNAppliedoandoEnvironmentaloMicrobiologycN2013cNnpcNkgnidn 4.8 69

70 MultigeneNdisruptionNinNundomesticatedNzacillusNsubtilisNyT––NmglhaNusingNtheN–RISPRf–aspN
systemeNScientificoReportscN2016cNmcNinpkj 4.9 67

69 HighdlevelNextracellularNproteinNproductionNinNzacillusNsubtilisNusingNanNoptimizedNdualdpromoterN
expressionNsystemeNMicrobialoCelloFactoriescN2017cNhmcNji 6.4 58

68 HighdlevelNextracellularNproductionNofN˛–dcyclodextrinNglycosyltransferaseNwithNrecombinantN
βscherichiaNcoliNzLihNWαβjXeNJournaloofoAgriculturaloandoFoodoChemistrycN2011cNlpcNjnpndogi 5.7 52

67
βnhancedNextracellularNproductionNofNrecombinantNzacillusNderamificansNpullulanaseNinNβscherichiaN
coliNthroughNinductionNmodeNoptimizationNandNaNglycineNfeedingNstrategyeNBioresourceoTechnologycN
2014cNhnicNhnkdhnp

11 44

66 βxtracellularNlocationNofNThermobifidaNfuscaNcutinaseNexpressedNinNβscherichiaNcoliNzLihWαβjXN
withoutNmediationNofNaNsignalNpeptideeNAppliedoandoEnvironmentaloMicrobiologycN2013cNnpcNkhpido 4.8 43

65 MutationsNatNsubsiteNdjNinNcyclodextrinNglycosyltransferaseNfromNPaenibacillusNmaceransNenhancingN
alphadcyclodextrinNspecificityeNAppliedoMicrobiologyoandoBiotechnologycN2009cNojcNkojdpg 5.7 42

64
–alciumNleadsNtoNfurtherNincreaseNinNglycinedenhancedNextracellularNsecretionNofNrecombinantN
alphadcyclodextrinNglycosyltransferaseNinNβscherichiaNcolieNJournaloofoAgriculturaloandoFoodoChemistry
cN2009cNlncNmijhdn

5.7 39

63 MutationsNofNLysineNknNinNcyclodextrinNglycosyltransferaseNfromNPaenibacillusNmaceransNenhanceN
betadcyclodextrinNspecificityeNJournaloofoAgriculturaloandoFoodoChemistrycN2009cNlncNojomdph 5.7 38

62
βnhancedNextracellularNexpressionNofNzacillusNstearothermophilusN˛–damylaseNinNzacillusNsubtilisN
throughNsignalNpeptideNoptimizationcNchaperoneNoverexpressionNandN˛–damylaseNmutantNselectioneN
MicrobialoCelloFactoriescN2019cNhocNmp

6.4 33

61 βnhancedNextracellularNpullulanaseNproductionNinNzacillusNsubtilisNusingNproteaseddeficientNstrainsN
andNoptimalNfeedingeNAppliedoMicrobiologyoandoBiotechnologycN2018cNhgicNlgopdlhgj 5.7 31

60 βnhancedNproductionNofN˛‡dcyclodextrinNbyNoptimizationNofNreactionNofN˛‡dcyclodextrinN
glycosyltransferaseNasNwellNasNsynchronousNuseNofNisoamylaseeNFoodoChemistrycN2013cNhkhcNjgnidm 8.5 30

59 –omparativeNmetabolomicsNanalysisNofNtheNkeyNmetabolicNnodesNinNpropionicNacidNsynthesisNinN
PropionibacteriumNacidipropionicieNMetabolomicscN2015cNhhcNhhgmdhhhm 4.7 26

58 GlycineNandNTritonNXdhggNenhancedNsecretionNofNrecombinantN˛–d–GTaseNmediatedNbyNOmpyNsignalN
peptideNinNβscherichiaNcolieNBiotechnologyoandoBioprocessoEngineeringcN2012cNhncNhhiodhhjk 3.1 23
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57 βnhancingNtheNThermostabilityNofNSerratiaNplymuthicaNSucroseNIsomeraseNUsingNzdγactordαirectedN
MutagenesiseNPLoSoONEcN2016cNhhcNeghkpigo 3.7 21

56 βnhancedNextracellularNproductionNofNrecombinantNproteinsNinNβscherichiaNcoliNbyNcodexpressionN
withNzacillusNcereusNphospholipaseN–eNMicrobialoCelloFactoriescN2017cNhmcNik 6.4 20

55 βfficientNextracellularNexpressionNofNzacillusNderamificansNpullulanaseNinNzrevibacillusNchoshinensiseN
JournaloofoIndustrialoMicrobiologyoandoBiotechnologycN2016cNkjcNkpldlgk 4.2 20

54 ImprovingNtheNthermostabilityNandNenhancingNtheN–aWibXNbindingNofNtheNmaltohexaosedformingN
˛–damylaseNfromNzacillusNstearothermophiluseNJournaloofoBiotechnologycN2016cNiiicNmldni 3.7 19

53 βnhancedNmaltoseNproductionNthroughNmutagenesisNofNacceptorNbindingNsubsiteNbiNinNzacillusN
stearothermophilusNmaltogenicNamylaseeNJournaloofoBiotechnologycN2016cNihncNljdmh 3.7 19

52
yNxylanaseNfromNStreptomycesNspeNγyhrNheterologousNexpressioncNcharacterizationcNandNitsN
applicationNinN–hineseNsteamedNbreadeNJournaloofoIndustrialoMicrobiologyoandoBiotechnologycN2016cN
kjcNmmjdng

4.2 18

51
βnhancedNidNOd˛–dddGlucopyranosyldldascorbicNycidNSynthesisNthroughNIterativeNSaturationN
MutagenesisNofNycceptorNSubsiteNResiduesNinNzacillusNstearothermophilusNNOiN–yclodextrinN
GlycosyltransferaseeNJournaloofoAgriculturaloandoFoodoChemistrycN2018cNmmcNpglidpgmg

5.7 18

50 PyridoxineNSupplementationNImprovesNtheNyctivityNofNRecombinantNGlutamateNαecarboxylaseNandN
theNβnzymaticNProductionNofNGamadyminobutyricNycideNPLoSoONEcN2016cNhhcNeghlnkmm 3.7 18

49
PhosphoenolpyruvaterglucoseNphosphotransferaseNsystemNmodificationNincreasesNtheNconversionN
rateNduringNLdtryptophanNproductionNinNβscherichiaNcolieNJournaloofoIndustrialoMicrobiologyoando
BiotechnologycN2017cNkkcNhjoldhjpl

4.2 16

48 HighlyNefficientNproductionNofN–lostridiumNcellulolyticumNHhgNαdpsicoseNjdepimeraseNinNzacillusN
subtilisNandNuseNofNtheseNcellsNtoNproduceNαdpsicoseeNMicrobialoCelloFactoriescN2018cNhncNhoo 6.4 16

47 LdTryptophanNProductionNinNβscherichiaNcoliNImprovedNbyNWeakeningNtheNPtadyckyNPathwayeNPLoSo
ONEcN2016cNhhcNeghloigg 3.7 15

46 βxtracellularNexpressionNofNnaturalNcytosolicNarginineNdeiminaseNfromNPseudomonasNputidaNandNitsN
applicationNinNtheNproductionNofNLdcitrullineeNBioresourceoTechnologycN2015cNhpmcNhnmdoj 11 14

45 βfficientNβxpressionNofNMaltohexaosedγormingNdymylaseNfromNinNSPjNandNItsNUseNinNMaltoseN
ProductioneNBioMedoResearchoInternationalcN2017cNighncNlknpnmi 3 13

44 yNnovelNxylanaseNfromNStreptomycesNspeNγyhrNPurificationcNcharacterizationcNidentificationcNandN
heterologousNexpressioneNBiotechnologyoandoBioprocessoEngineeringcN2014cNhpcNodhn 3.1 13

43 βnhancedNproductionNofNrecombinantNβscherichiaNcoliNglutamateNdecarboxylaseNthroughN
optimizationNofNinductionNstrategyNandNadditionNofNpyridoxineeNBioresourceoTechnologycN2015cNhpocNmjdp 11 12

42 βnhancingNtheN˛–d–yclodextrinNSpecificityNofN–yclodextrinNGlycosyltransferaseNfromNPaenibacillusN
maceransNbyNMutagenesisNMaskingNSubsiteNdneNAppliedoandoEnvironmentaloMicrobiologycN2016cNoicNiikndiill4.8 12

41
βffectNofNorganicNsolventsNonNtheNyieldNandNspecificityNofNcyclodextrinsNbyNrecombinantNcyclodextrinN
glucanotransferaseNW–GTaseXNfromNynaerobrancaNgottschalkiieNJournaloofoInclusionoPhenomenaoando
MacrocyclicoChemistrycN2013cNnncNhkndhlj

1.7 12

40 MagnesiumNionsNincreaseNtheNactivityNofNzacillusNderamificansNpullulanaseNexpressedNbyN
zrevibacillusNchoshinensiseNAppliedoMicrobiologyoandoBiotechnologycN2016cNhggcNnhhldij 5.7 12
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39
ImprovedNThermostabilityNofNMaltooligosyltrehaloseNSynthaseNfromNyrthrobacterNramosusNbyN
αirectedNβvolutionNandNSitedαirectedNMutagenesiseNJournaloofoAgriculturaloandoFoodoChemistrycN2019cN
mncNllondllpl

5.7 10

38 –loningNandNexpressionNofNtheNsucroseNphosphorylaseNgeneNinNzacillusNsubtilisNandNsynthesisNofN
kojibioseNusingNtheNrecombinantNenzymeeNMicrobialoCelloFactoriescN2018cNhncNij 6.4 9

37 βffectsNofNThermobifidaNfuscaNcutinasedcarbohydratedbindingNmoduleNfusionNproteinsNonNcottonN
bioscouringeNBiotechnologyoandoBioprocessoEngineeringcN2011cNhmcNmkldmlj 3.1 9

36 βnhancedNProductionNofNRecombinantNThermobifidaNfuscaNIsoamylaseNinNβscherichiaNcoliNMαSkieN
AppliedoBiochemistryoandoBiotechnologycN2016cNhogcNkmkdknm 3.2 9

35 –omparisonNofNcutinasesNinNenzymicNdeinkingNofNoldNnewsprinteNCellulosecN2017cNikcNlgopdlgpp 5.5 8

34 ImprovedNproductionNofNcyclodextrinNglycosyltransferaseNfromNzacillusNstearothermophilusNNOiNinN
βscherichiaNcoliNviaNdirectedNevolutioneNAppliedoMicrobiologyoandoBiotechnologycN2020cNhgkcNhnjdhol 5.7 8

33 yNcomparativeNstudyNofNmaltooligosyltrehaloseNsynthaseNfromNSulfolobusNacidocaldariusNexpressedN
inNPichiaNpastorisNandNβscherichiaNcolieNProcessoBiochemistrycN2017cNmgcNjldkh 4.8 6

32 ModificationNofN˛‡d–yclodextrinNGlycosyltransferaseNandNydditionNofN–omplexingNygentsNtoNIncreaseN
˛‡d–yclodextrinNProductioneNJournaloofoAgriculturaloandoFoodoChemistrycN2020cNmocNhignpdhigol 5.7 6

31 –yclodextrinNenhancedNtheNsolubleNexpressionNofNzacillusNclarkiiN˛‡d–GTaseNinNβscherichiaNcolieNBMCo
BiotechnologycN2018cNhocNni 3.5 6

30 PositionNiioNinNPaenibacillusNmaceransNcyclodextrinNglycosyltransferaseNisNcriticalNforN
idOdddglucopyranosyldldascorbicNacidNsynthesiseNJournaloofoBiotechnologycN2017cNikncNhodik 3.7 5

29 –loningcNexpressioncNandNcharacterizationNofNpolyamidaseNfromNNocardiaNfarcinicaNandNitsN
applicationNtoNpolyamideNmodificationeNBiotechnologyoandoBioprocessoEngineeringcN2013cNhocNhgmndhgnl 3.1 5

28 ModelingNandNoptimizationNofNcutinaseNproductionNbyNrecombinantNβscherichiaNcoliNbasedNonN
statisticalNexperimentalNdesignseNKoreanoJournaloofoChemicaloEngineeringcN2010cNincNhijjdhijo 2.8 5

27 ImprovingNtheNreversibilityNofNthermalNdenaturationNandNcatalyticNefficiencyNofNzacillusNlicheniformisN
˛–damylaseNthroughNstabilizingNaNlongNloopNinNdomainNzeNPLoSoONEcN2017cNhicNeghnjhon 3.7 5

26 SynergisticNbiodegradationNofNpolyWethyleneNterephthalateXNusingNMicrobacteriumNoleivoransNandN
ThermobifidaNfuscaNcutinaseeNAppliedoMicrobiologyoandoBiotechnologycN2021cNhglcNkllhdklmg 5.7 5

25
HighdefficiencyNexpressionNofNSulfolobusNacidocaldariusNmaltooligosylNtrehaloseNtrehalohydrolaseNinN
βscherichiaNcoliNthroughNhostNstrainNandNinductionNstrategyNoptimizationeNBioprocessoandoBiosystemso
EngineeringcN2019cNkicNjkldjlk

3.7 5

24 ydditionalNsaltNbridgesNimproveNtheNthermostabilityNofNhckd˛–dglucanNbranchingNenzymeeNFoodo
ChemistrycN2020cNjhmcNhimjko 8.5 4

23 βffectNofNLeuNonNαisproportionationNandNHydrolysisNyctivityNinNzacillusNstearothermophilusNNOiN
–yclodextrinNGlucosyltransferaseeNAppliedoandoEnvironmentaloMicrobiologycN2021cNoncNegjhlhig 4.8 4

22 HighlyNefficientNextracellularNexpressionNofNnaturallyNcytoplasmicNLeuconostocNmesenteroidesN
sucroseNphosphorylaseeNJournaloofoChemicaloTechnologyoandoBiotechnologycN2018cNpjcNjhjldjhki 3.5 4
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21 ImprovedNyctivityNofNMaltooligosyltrehaloseNSynthaseNthroughNαirectedNβvolutioneNJournaloofo
AgriculturaloandoFoodoChemistrycN2020cNmocNkklmdkkmj 5.7 3

20
–haracterizationNofNaNnewNkcmd˛–dglucanotransferaseNfromNLimosilactobacillusNfermentumNN––NjglnN
withNabilityNofNsynthesizingNlowNmolecularNmassNisomaltodfmaltopolysaccharideeNFoodoBiosciencecN
2022cNkmcNhghlhk

4.9 3

19 –yclodextrinaseNfromNThermococcusNspNexpressedNinNzacillusNsubtilisNandNitsNapplicationNinNtheN
preparationNofNmaltoheptaoseeNMicrobialoCelloFactoriescN2020cNhpcNhln 6.4 3

18 yvailableNstrategiesNforNimprovedNexpressionNofNrecombinantNproteinsNinNexpressionNsystemrNaN
revieweNCriticaloReviewsoinoBiotechnologycN2020cNkgcNhgkkdhglo 9.4 3

17 yNdualdfunctionalNaminopeptidaseNfromNStreptomycesNcanusNTigNandNitsNapplicationNinNtheN
preparationNofNsmallNriceNpeptideseNInternationaloJournaloofoBiologicaloMacromoleculescN2021cNhmncNihkdiii7.9 3

16 αirectedNMutationNofNTwoNKeyNyminoNycidNResiduesNyltersNtheNProductNStructureNofNtheNNewN
kcmd˛–dGlucanotransferaseNfromeNJournaloofoAgriculturaloandoFoodoChemistrycN2021cNmpcNhkmogdhkmoo 5.7 2

15 –urrentNstudiesNonNtheNenzymaticNpreparationNidOd˛–dddglucopyranosyldldascorbicNacidNwithN
cyclodextrinNglycosyltransferaseeNCriticaloReviewsoinoBiotechnologycN2019cNjpcNikpdiln 9.4 2

14 βnhancedNProductionNofNSolubleN˛–dymylaseNinNthroughN–haperoneN–odβxpressioncNHeatNTreatmentN
andNγermentationNOptimizationeNJournaloofoMicrobiologyoandoBiotechnologycN2021cNjhcNlngdloj 3.3 1

13
βnhancedNextracellularNzacillusNstearothermophilusN˛–damylaseNproductionNinNzacillusNsubtilisNbyN
balancingNtheNentireNsecretionNprocessNinNanNoptimalNstraineNBiochemicaloEngineeringoJournalcN2021cN
hmocNhgnpko

4.2 1

12 βfficientNsecretoryNexpressionNofNzacillusNstearothermophilusN˛–f˛†dcyclodextrinNglycosyltransferaseN
inNzacillusNsubtiliseNJournaloofoBiotechnologycN2021cNjjhcNnkdoi 3.7 1

11
βnhancedNextracellularN˛–damylaseNproductionNinNzrevibacillusNchoshinensisNbyNoptimizingN
extracellularNdegradationNandNfoldingNenvironmenteNJournaloofoIndustrialoMicrobiologyoando
BiotechnologycN2021cN

4.2 1

10 –hemicaldbiologicalNdegradationNofNpolyethyleneNcombiningNzaeyerâ��VilligerNoxidationNandN
hydrolysisNreactionNofNcutinaseeNGreenoChemistrycN2022cNikcNiigjdiihh 10 1

9 ImprovedNProductionNofNspeNγyhNXylanaseNinNaNαualdPlasmidNSystemeeNCurrentoIssuesoinoMolecularo
BiologycN2021cNkjcNiiopdijgk 2.9 1

8 HighNyieldNsynthesisNofNnigerooligosaccharidesNbyNtransglycosylationNcatalyzedNbyN˛–dglucosidaseN
TayglyNfromNThermoplasmaNacidophilumeNFoodoBiosciencecN2022cNkncNhghloi 4.9 0

7 βnhancingNβxtracellularNPullulanaseNProductionNinNzacillusNsubtilisNThroughNdltzNαisruptionNandN
SignalNPeptideNOptimizationeNAppliedoBiochemistryoandoBiotechnologycN2021cNhpkcNhigm 3.2 0

6 βnhancedNtheNcatalyticNefficiencyNandNthermostabilityNofNmaltooligosyltrehaloseNsynthaseNfromN
yrthrobacterNramosusNbyNdirectedNevolutioneNBiochemicaloEngineeringoJournalcN2020cNhmicNhgnnik 4.2 0

5
ydjustingNtheN˛–WhdmXNbondNproportionNofNisomaltodfmaltopolysaccharideNbyNregulatingNtheN
hydrophobicityNofNtheNacceptorNsiteNofNkcmd˛–dglucanotransferaseeNBiochemicaloEngineeringoJournalcN
2022cNhgokin

4.2 0

4 βnhancingNtheNthermostabilityNofNddalluloseNjdepimeraseNfromN–lostridiumNcellulolyticumNHhgNviaN
directedNevolutioneNSystemsoMicrobiologyoandoBiomanufacturingch 0
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3
TrehaloseNpromotesNhighdlevelNheterologousNexpressionNofNkcmd˛–dglucanotransferaseNGtfRiNinN
βscherichiaNcoliNandNmechanisticNanalysiseeNInternationaloJournaloofoBiologicaloMacromoleculescN2022cN
ihgcNjhldjij

7.9 0

2 OxidativeNαegradationNofNpredoxidatedNPolystyreneNPlasticsNbyNαyeNαecolorizingNPeroxidasesNγromN
ThermomonosporaNcurvataNandNNostocaceaeeNJournaloofoHazardousoMaterialscN2022cNhipiml 12.8 0

1 RecombinantNexpressioncNcharacterizationNandNapplicationNofNmaltotetraohydrolaseNfromN
PseudomonasNsaccharophilaeNJournaloofotheoScienceoofoFoodoandoAgriculturecN2020cNhggcNjklmdjkmk 4.3
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