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Enzyme Immobilization and Test Strategies

Strategies for Repeated Use
Immobilization onto carrier material

… to Ni-NTA material via His6-tag
… to Silica via Silica-tag 7

EncapsulationPurified enzyme

…within 
semipermeable 

membrane

Immobilization-tag Antibiotic 
inactivating 

enzyme

Visualization-tag (GFP)

1) Imitate use scenarios by spiking 
different media with antibiotics

2) Incubate antibiotic-containing media 
with inactivating enzyme in solution, 
encapsulated or immobilized

3) Check for residual antibiotics by 
comparing cell growth of susceptible 
bacteria in media before and after 
treatment

4) Repeat assay to test reuse of the 
materials

Cells sensitive 
to antibiotic

Antibiotic

Test solution spiked 
with antibiotic

Incubate 
with enzyme

❷

Growth assay with 
sensitive bacteria to 
test for residuals of 

antibiotic

❸❶

❹

Assay Setup for Performance Test

Conclusions:
✓ Hydrolase enzyme from literature (EstDL136) was successfully optimized for efficient florfenicol inactivation

✓ Optimized hydrolase was immobilized on different materials (Ni-NTA, silica, sand) and could be used repeatedly

✓ Different use scenarios were successfully tested using soluble, immobilized or encapsulated hydrolase for florfenicol 
inactivation in saltwater and milk

References:

Enzyme Optimization and Characterization for Florfenicol Cleavage

Selection of Hydrolase Mutants and Characterization Assessing Catalytic Activity by NMR Spectroscopy
• Wild-type hydrolase (EstDL136) shows only insufficient activity for florfenicol cleavage
• Optimization by error-prone PCR (epPCR) combined with selection of mutants in florfenicol containing media
• Sequencing of the enriched mutants and localization of the mutations in the 3D structure 6

➢ Identical mutants were found multiple times; most mutations close to the active center
➢ Selected hydrolase mutants perform better than wild-type hydrolase

Asn51Asp

Val186Ala 

Asn189Ile

Met211Leu 

Asn226Asp

Ser286Gly

Orange = active center
Pink = substrate Chloramphenicol

(PDB: 6IEY) 

Growth assay of E. coli expressing different mutants 
in florfenicol-containing media
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• Mixture of purified hydrolase (0.25 µM) with florfenicol (0.66 mM)
• Measurement of the NMR spectra every 4 min
• Comparison of wild-type hydrolase and mutant 36P5

blue = Florfenicol
red = cleavage products
(Numbers indicate the 
assignment of the NMR 
signals to the protons)

NMR measurements were done in collaboration with Dr. Ruslan Nedielkov and Prof. Dr. Heiko Möller, Institute of Chemistry, University of Potsdam

➢ Optimized hydrolase mutant 36P5 can cleave florfenicol significantly more efficiently

Optimized hydrolase mutant 36P5
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Wild-type hydrolase EstDL136
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NMR Spectra before and after cleavage

Location of the mutations in the enzyme

• Antibiotics are used to treat diseases in humans and animals
• Many antibiotic are widely used in animal farming and 

aquaculture 1,2

• Investigation of the enzymatic inactivation of the antibiotic florfenicol
• Improvement of a hydrolytic enzyme discovered by a Korean research group 5

• Comparison of selected enzyme variants
• Immobilization of the optimized hydrolase mutant on different materials
• Test of florfenicol inactivation in different media such as saltwater and milk

➢SOLUTION: Enzymatic inactivation as eco-friendly strategy

• Antibiotic waste in the environment promotes emergence of antibiotic resistances 3,4

• Currently, there is no environmentally-friendly method to inactivate antibiotics

• PROBLEM: How can antibiotics be effectively inactivated?

Introduction Project

Antibiotic Inactivation in Different Application Areas

i

Application: Florfenicol Inactivation in Saltwater Application: Florfenicol Inactivation in Milk

PROBLEM: Antibiotic treatment of dairy cattle leads to waste milk 8

SOLUTION: Use of hydrolase for florfenicol inactivation in milk

PROBLEM: Antibiotics in aquaculture contaminate the water

SOLUTION: Use of hydrolase for florfenicol inactivation

Immobilization

• Fluorescence microscopy of enzyme on carrier materials

• Enzyme between immobilization tag and GFP 

Antibiotic Inactivation in milk with hydrolase extract

Antibiotic Inactivation in milk with immobilized hydrolase
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Antibiotic inactivation in saltwater with encapsulated hydrolase

Antibiotic inactivation with hydrolase immobilized to different carrier materials

Hydrolase extract (1:100)

Control (no treatment)

Hydrolase extract (1:250)

Hydrolase extract (1:500)

Hydrolase extract (1:750)

Hydrolase extract (1:1000)

Hydrolase on Ni-NTA (1st use)

Control (no treatment)

Hydrolase on Ni-NTA (2nd use)

Hydrolase on Ni-NTA (3rd use)

Hydrolase on silica (1st bdg)

Hydrolase on silica (2nd bdg)
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Hydrolase on Ni-NTA (1st use, 0 d)

Hydrolase on sand

Control (no treatment)

Hydrolase on Ni-NTA (2nd use, 9 d)

Hydrolase on Ni-NTA (3rd use, 28 d)

Hydrolase on silica

Hydrolase on silicic acid
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Encapsulated Hydrolase (1st use)
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➢ The optimized hydrolase can successfully inactivate florfenicol in salt water and milk
➢ The immobilized and encapsulated hydrolase is stable and can be used repeatedly

➢ Different carrier materials are possible
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