
MATERIALS AND METHODS

Biofilm and Biofouling Development on Novel Sensing Surfaces in a Marine Recirculated Aquaculture System

INTRODUCTION & OBJECTIVE

As soon as water monitoring sensors are introduced into the water, they serve

as a new niche for microbial colonization and subsequent installation of fouling

macroorganisms.

The development of biofouling on sensing surfaces and electrodes can affect

their operation, thus, leading to acquisition of inaccurate measurements.

The aim of the present study was to assess the biofilm and biofouling

development on a novel sensing surface under real aquaculture conditions.

Triplicates of sensor devices (17* 9.5* 

0.5 mm) and stainless steel coupons (30* 

10* 1 mm) were placed into an aquarium 

tank of a marine RAS, where sea bass 

adults were reared
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 Planktonic marine heterotrophic bacteria ranged from 104 to 105 CFU ml-1, as 

previously reported in similar RAS setups (Schoina et al. 2019), while 

presumptive Vibrio represented 32-55% of the total population of culturable 

marine heterotrophic bacteria - Table 1

 The population of biofilm cells on both materials was comparable at each time 

point -Table 1 and Figure 1

 Presumptive Vibrio species were detected in the biofilms, confirming that 

biofilms may act as a reservoir for potentially pathogenic bacteria in RAS 

setups (Bourne et al., 2006) – Table 1 and Figure 1

 DGGE profiles of water samples revealed that the RAS water microbial 

association remained unchanged during the experimental period, in 

accordance with previous reports (Attramadal et al. 2012) – Figure 2

 DGGE fingerprinting of biofilms revealed high similarity of predominant 

operational taxonomic units (OTUs) at each time point, being independent of 

the type of material, as previously described (Schoina et al., 2020), while 

observing a dynamic succession of predominant OTUs – Figure 2

 Fluorescent microscopy revealed that even after 14 days of water 

submersion, surfaces were covered by biofouling, regardless of the material. 

At days 28 and 42 biofouling coverage remained at the same levels – Table 2
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Samplings were performed after 14, 28 and 42 days of submersion:

• Microbiological analysis in water and biofilms (in duplicates)

• bead vortexing method 

• enumeration of viable cells on Marine Agar (heterotrophic bacteria) and 

on TCBS agar plates (detection of presumptive Vibrio species)

• Temporal changes of the bacterial community composition (culture 

dependent) of the tank water and of the biofilms were assessed by 

denaturing gradient gel electrophoresis (DGGE) based on the 16S rRNA 

gene (V3-V5) 

• Biofilm/biofouling development was monitored with fluorescent microscopy 

(Acridine Orange staining)

DISCUSSION

Silicon chip sensor devices were fabricated using 

common microelectronic processes as described 

previously (Wahl et al., 2018). A silicon nitride 

passivation layer (500 nm thick) – representing 

the majority of the surface of the sensors chip -

was deposited to passivate the entire chip. 
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DAYS IN WATER SUBMERSION

BIOFILM VIABLE CELLS

NS (Het)

SS (Het)

NS (V)

SS (V)

Water 

(log cfu*ml-1)

Novel Sensor

(log cfu*cm-2)

Stainless steel 

(log cfu*cm-2)

Bacterial 

group
MA TCBS MA TCBS MA TCBS

Day 0 3.7 3.0 - - - -

Day 14 4.0 3.8 6.0 3.3 5.9 2.9

Day 28 5.0 4.4 6.2 4.1 6.0 4.2

Day 42 4.9 4.4 6.3 4.6 5.8 4.5

Table 1: Evolution of the 

planktonic and biofilm marine 

heterotrophic bacteria (MA) 

and presumptive Vibrio 

species (TCBS) during the 

experimental period

Figure 1: Development of the 

number of biofilm cells on 

(marine heterotrophs) on novel 

sensor (NS-Het for 

heterotrophic bacteria and NS-V 

for presumptive vibrio) and on 

stainless steel (NS-Het for 

heterotrophic bacteria and NS-V 

for presumptive vibrio). Values 

are expressed in CFU*cm-2 

Table 2: Indicative 

images from epi-

fluorescent microscope of 

biofouling developed on 

different surface materials 

at 3 time points after 

staining with Acridine 

Orange (excitation at 450-

490 nm and emission at 

515 nm)

Magnification 10 x 
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Figure 2: DGGE fingerprint of 

water and biofilm cells 

collected from MA plates. 

Bands with same position are 

considered as the same OTU. 

Blue rectangles indicate

similar OTUs between the 2 

different surfaces.

(water samples W, biofilm on 

stainless steel coupons SS

and on novel sensor NS)


