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ABSTRACT
An experimental Workstation was designed, named BluBAC, intended for the microbiological diagnosis in clinical 
samples, which integrates photostimulation in two zones of the visible light spectrum: red (625 to 644 nm) and 
blue (430 to 480 nm), together with turbidimetric determinations in biological samples. It allows the analysis of 
photostimulation on microbial growth. The workstation comprises optoelectronic components and a MSP430 family 
microcontroller, connected through a Usb port to a computer for processing and visualizing the output signals com-
ing from the samples. The signals are obtained through a graphic control interface in Visual Studio. The influence 
of the stimulation parameters (wavelength, light intensity, frequency and intensity of stimulation) on the growth of 
Escherichia coli cells was studied in bacterial cell cultures in DKD medium. The combination of photostimulation 
with turbidimetric determinations facilitated microbial detection, with decreased lag time and a longer exponential 
growth phase, stimulating bacterial growth more than other methods previously reported. These results evidenced 
the potential advantages of the experimental workstation BluBAC over other clinical microbiological diagnostic 
systems available in the market.
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RESUMEN
Sistema BluBAC para la determinación del crecimiento microbiano en muestras para el diagnóstico clínico 
microbiológico mediante fotoestimulación y turbidimetría. Se diseñó la estación de trabajo experimental 
BluBAC para el diagnóstico microbiológico en muestras clínicas, que integra la fotoestimulación en dos zonas del 
espectro luminoso visible: rojo (630 nm) y azul (de 430 a 480 nm) y permite la medición de turbidez en las muestras 
biológicas. De esta forma se puede analizar la influencia de la fotoestimulación en el crecimiento microbiano. La 
misma está formada por dispositivos optoelectrónicos y un microcontrolador de la familia MSP430 conectado a un 
ordenador a través de un puerto USB, en el que se procesan y grafican las señales de salida de las muestras, dichas 
señales obtenidas a través de una interfaz de control en Visual Studio. Se estudió la influencia de los parámetros 
del estímulo aplicado (longitud de onda, intensidad luminosa, frecuencia de estimulación e intensidad del estímulo) 
sobre el crecimiento de células de Escherichia coli cultivada en medio DKD. Se observó que la combinación de la 
fotoestimulación con la determinación de turbidez facilita la detección microbiana con un tiempo de latencia menor 
y una fase exponencial de mayor duración, lo que permitió estimular el crecimiento del microorganismo mucho más 
que mediante otros métodos previamente reportados. Estos resultados evidenciaron las ventajas potenciales de la 
estación experimental BluBAC sobre otros sistemas disponibles comercialmente para el diagnóstico microbiológico 
en muestras clínicas.

Palabras clave: fotoestimulación, método turbidimétrico, diagnóstico clínico microbiológico, luz azul, Escherichia 
coli, BluBAC

Introduction
Photostimulation is the process by which light is ab-
sorbed by cellular molecules and subsequently con-
verted into energy. When a cell is photostimulated, the 
molecules bearing conjugated double bonds absorb 
light at a particular wavelength set by its chemical 
composition and attained a higher energy state. Then, 
those energized and excited molecules transfer the 
excess energy to other nearby molecules, triggering 
a series of biochemical processes. Among the meta-
bolic processes and biochemical reactions susceptible 

to photostimulation effects at different wavelengths 
there are the synthesis of adenosine triphosphate 
(ATP) and the synthesis of growth factors, among 
others [1]. 

Hence, the resulting effects in cell function from 
the increased synthesis of ATP, which is the main 
cell energetic intermediary molecule, and also the 
increased production of reactive oxygen species 
(ROS), initiate signal transduction cascades leading 
to the downstream expression of growth factors and  

1. Karu T. Primary and secondary mech-
anisms of action of visible to near-IR 
radiation on cells. J Photochem Photobiol 
B.1999;49(1):1-17. 
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ultimately to cell proliferation. Particularly, ROS af-
fect homeostasis parameters such as cellular pH which 
alters cell functions, calcium ion concentrations which 
stimulate the different signaling pathways, including 
the activation of photoreceptors and also growth fac-
tors production [2]. It is known that small changes in 
ATP concentrations could significantly affect the cell 
metabolism, since an increased energetic state could 
improve the metabolic performance even in cells un-
dergoing deleterious processes [3, 4]. 

Moreover, a series of experiments have demonstrat-
ed that ATP is not solely implied in a higher energetic 
state but also for an increased signaling among cells in 
multicellular organisms [5]. Therefore, the photostim-
ulation of ATP is fundamental to understand the ubiq-
uitous effects of photoaception mechanisms [5, 6]. 

Seven types of photoaceptor proteins have been de-
scribed so far: rhodopsins; xantopsins; phytochromes; 
cryptochormes; LOV-domain (light, oxygen and ten-
sion domain) carrying proteins; BLUF (blue light 
utilizing flavine adenosine dinucleotide) domain pro-
teins and the family of eight proteins resistant to ultra-
violet light [7]. Of them, blue light, that is the one of 
higher frequency for simulation, is perceived by cryp-
tochromes, LOV-domain and BLUF-domain proteins, 
which have been characterized in detail through bio-
chemical and biophysical methods from photon ab-
sorption downstream the signal transduction cascades 
to the final biological activities [8]. After the initial 
photoexcitation event, intrinsic structural changes are 
induced in photoreceptors, such as the formation of 
double covalent linkage of the chromophore [9].

There have been described methods to take ad-
vantage of the photostimulation processes described 
above for microbial manipulation with varied purpos-
es. For instance, a method was patented to stimulate 
the metabolism of non-phytotrophe microorganisms 
with blue light [10], those microorganisms been ap-
plied in bioremediation strategies or in biotechnologi-
cal process for the production of biomolecules. How-
ever, such effects on microbial growth could be also 
used for diagnostic application in microbial clinical 
samples, particularly in those pathogens susceptible to 
photostimulation.

Therefore, in this work is described the design of 
the experimental workstation BluBAC, intended for 
microbial diagnostics in clinical samples.  The ef-
fect of photostimulation on cell growth in biological 
samples susceptible to it for diagnostic purposes was 
studied through the stimulation of microorganisms in 
the 430-480 nm wavelength range [11]. Moreover, 
procedures were established for the fast detection of 
bacterial growth after its photostimulation, particu-
larly in liquid medium, characterized through optical 
stimulation parameters (wavelength, light intensity, 
stimulation frequency and intensity). 

Design of the BluBAC experimental 
workstation
The BluBAC experimental (Figure 1A) was designed 
to study the effects of photostimulation on different 
microbial strains. It is composed of the TURB-Z elec-
tronic control and data acquisition card, together with 
an interface for computer programmable control. The 
TURB-Z board was organized in two sections, one to 

generate the photostimulatory signal and the other for 
the reception and measure of the resulting signal. 

The stimulation block generates a low level signal 
delivered from 5 LED lamps to the biological samples 
to be analyzed. Each LED stimulates a single turbidi-
metric measuring well in the sample platen, adjusted 
to provide simultaneously the same stimulatory signal 
(Figure 1B). The signal is controlled attending to four 
main parameters: wavelength, frequency, light inten-
sity (candela) and stimulus light intensity (current). 
The stimulation block generate stimulatory and also 
reference signals, for what it includes a tension-cur-
rent conversion unit (Howland’s generator) and two 
AD9834 circuits to generate the respective stimula-
tory and reference signals for the demodulation pro-
cess. This device is a low power (20 mW) direct digi-
tal synthesizer (DDS) able to generate high quality 
sinusoidal and triangular signals [12]. 

The reception unit measures the intensity of the 
light signal passing through the sample by means of 
an opto-electronic integrated circuit OPT-301, which 
includes a photodiode and a monolithic transimped-
ance amplifier. The output of the photodetector is con-
nected to a synchronous demodulation unit (AD630), 
which filters the signal and converts it with the aid 
of a lock amplifier, synchronizing the signal for the 
subsequent demodulation process. The processing 
unit (minicontroller MSP430FG4618) generates an 
average value from readings to minimize the errors 
derived from coupling interferences.

Turbidimetry was implemented based on light ab-
sorption as a function of the concentration of bacte-
rial cells, in compliance with the Lambert-Beer’s law 
[13], according to the equation 1:

Where:
I: Resulting light intensity
Io: Incident light intensity
aA: Absorption coefficient
aB: Dispersion coefficient
x: distance of the optical trajectory
C: sample cell concentration

The acquisition channel employs an AD630 de-
modulator to obtain the results, by integrating the tur-
bidimetric method and the photostimulation (Vsm) 
with the aid of a sinusoidal reference signal (Vref), 
responding to the equation:

Where: A, amplitude of the imput signal; B, am-
plitude of the reference signal; and w, angular fre-
quency.

A low pass filter (structure Sallen & Key, Butter-
wort, second order and a 2-Hz threshold frequency) 
eliminates the 2 wt components (Figure 1C) from the 
output readings, guaranteeing that the input tension 
of the A/D converter to depend solely on the ampli-
tude (A), this parameter proportionally related to the 
absorbance of the sample (i.e., cell concentration in 
the biological sample). The A/D converter (resolu-
tion 10 b) acquires the data and the attached micro-
controller (Figure 1D) send them to a PC through a 
USB port.
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I = Io e
 -[aA + aB] x C [1]

Vout = ½ AB cosf + ½ AB cos (2wt + f) [2]
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The workstation includes an interface in the PC 
(Figure 1E) to run the equipment and also to monitor 
in real time the growth curve of microorganisms, with 
three operation windows: configuration of acquisition 
parameters, management of the measuring system and 
data analysis.

Analysis of the influence of optical 
stimulation parameters on the  
measurement of microbial samples
Experiments were run on samples of Escherichia 
coli strain ATCC 25923. Suspensions of bacterial 
cells were prepared in DKD medium at an initial 
concentration of 104 c.f.u./mL, as determined by 
colony plate counts. Cells were cultured for at 37 ºC 
for 18 h in a Memmert incubator model INE 700, 
and growth curves were established by turbidimetry 
readings at 5-min intervals.

The cell suspensions were continuously stimulat-
ed with low intensity blue light (1.8, 7 or 11 cd) at  
470 nm, or red light in the wavelength range of 625 to 
644 nm at 7, 11 or 21 cd. 

As shown in figure 2A, the change of stimulation 
with red light from 7 to 11 cd increases the exponential  

phase of the growth curve and decreases the duration 
of the lag phase. Nevertheless, the duration of the ex-
ponential growth phase decreases by increasing the 
intensity from 11 to 21 cd. This indicates a sort of 
saturation effect in the photoreception mechanism. In 
general, the curves of tension over time obtained with 
11 cd are statistically higher than the curves obtained 
at 7 and 21 cd (Figure 2A).

Otherwise, the stimulation with blue light (l = 
470 nm) induces bacterial growth proportinal to light 
intensity. This effect not only influenced on the span 
of the exponential growth phase, but also reduced the 
duration of the lag phase, and, therefore, shortens the 
time required for detection. The shorter detection peri-
ods were achieved at 11 cd, as in the red light experi-
ments (Figure 2B). 

The stimulation attained at the end of the expo-
nential phase of growth is higher with the low in-
tensity blue light at 470 nm, as compared to that of 
the red light (625 nm). The results obtained at the 
assayed wavelengths coincide with reports for other 
non-photosynthetic microorganisms, in spite of us-
ing a different methodology. Greppin and Gouda re-
ported a 20 to 40 % increase in the replication rate  

Figure 1. Design and performance of the BluBAC experimental workstation for microbial growth determinations by combining photostimulation 
and turbidimetry. A) Diagram for BluBAC; V/I converter: voltage /current converter; LED: Light emitting diode; FD: Fotodiode; LPF: Low pass filter; 
ADC: Analog to digital converter. B) Turbidimetric cells; C) Simulated and real response of the LPF in the signal acquisition channel. D) TURB-Z 
card. E) Vc-Lab interface analysis window.
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of Pseudomonas fluorescens by irradiating it with 
blue or red light [14, 15].

Other groups have successfully stimulated the 
growth of Blastocladiella emersonii [16], Candida 
guillermondii [17], Torula utilis [18], and Transto-
chytrium roseum and Sclerotinia fructigena [19], by 
irradiating cells with light in the range from 400 to 
500 nm. Sucong et al. irradiated Corynebacterium 
crenatum cells with a N2 laser beam (337 nm, 6 mJ 
pulse energy, 10 ns and 10 Hz), and observed that 
cells receiving low dose radiations (< 258 J/cm2) in-
creased cell division rates, cellular respiration, glu-
tamic acid concentration, glutamate dehydrogenase 
activity and cell permeability [20]. Fedoseyeva et 
al. found that the activation dose following He-Ne 
laser irradiation was species-specific, by comparing 
cell growth and protein synthesis kinetics in cultures 
of Saccharomyces cerevisiae, Candida maltose and 
Candida boidinii [21, 22], and also for Torulopsis 
sphaerica and Endmyces magnussi [22, 23].

The abovementioned studies evidence the influence 
of the stimulation parameters on bacterial cell growth 
kinetics, further influenced by the culture conditions 
and the cell physiological state at the time of irradia-
tion. In fact, experiments run by Carlyle have shown 
the influence of the culture medium composition on the 
behavior of the light irradiation, either stimulating or 
inhibiting the growth rate. Additionally, as found by 
Fedoseyeva et al. [22], oxygen consumption was de-
terminant for the increase in cell growth after the light 
stimulation. Moreover, the respiratory activity of non-
irradiated yeast cultures positively correlated to its sus-
ceptibility to be activated by He-Ne laser irradiation (λ 
= 632.8 nm), as similarly detected between the NADH-
dehydrogenase activity and biomass production [24].

Effect of the frequency of  
the stimulation signal in  
the growth rate of E. coli cells
The frequencies in the 10 to 250 Hz range provided a 
higher stimulation level of cell growth rates (Figure 3A). 
In fact, statistically significant differences were found 
in the period required for detection, approximately,  
a 40 % reduction in the average time for detection in 
respect to the other analyzed frequencies. Best results 

were achieved at 100 Hz, this value coincidently in the 
activation range reported by Lloyd et al. [25], who re-
ported that the activity of enzymes involved in physi-
ological processes (e.g., respiration, nutrition, cell di-
vision and growth) are influenced by light frequencies 
in the range of 5 to 100 Hz. 

Influence of the light intensity of the 
stimulus on the E. coli growth kinetics
The signal intensity proportionally increased the 
growth kinetics of E. coli cultures (Figure 3B). In fact, 
the increase in the current intensity not only stimulat-
ed growth significantly, but also decreased the dura-
tion of the lag phase. The 20 mA intensity was found 
as optimal.

The BluBAC system as an alternative 
for fast clinical microbial diagnosis
The BluBAC system was developed combining the 
photostimulation of cells and a turbidimetric detec-
tion unit to detect cell growth. This combination is 
advantageous over available commercial systems 
for fast microbiological diagnosis, which stimulate  
microbial growth through biological compounds 
in the culture medium and control temperature and 
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16. Cantino EC, Horenstein EA. The stimu-
latory effect of light upon growth and CO 
fixation in Blastocladiella.The SKI cycle. 
Mycologiya.1956;48:777-99.

17. Fraikin G, Verkhoturov V, Rubin 
LB. The phytochromic system in yeasts 
Candida guillermondii. VestnikMGU 
(Biol).1973;4:51-5.
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humidity changes, instead of photostimulation, and 
sense the effect by optical detection based on turbid-
ity measures (Table). Such systems have two remark-
able limitations: 1) the relative long periods required 
for detection, as compared to those obtained with the 
BluBAC unit (20 min; manuscript in preparation); 
and 2) higher costs of the equipment itself and the 
operation materials (30 000 to 150 000 USD; table). 
These negatively impacts on the economic accessibil-
ity to those systems for small or medium size labora-
tories, clinics and hospitals.

Additionally, the BluBAC system was validated 
with clinical samples from patients. In those experi-
ments, it was found that stimulation at 470 nm simi-
larly stimulated growth in all the microorganisms 
tested, what could possibly indicate that similar bio-
logical structures and processes susceptible to photo-
stimulation could be triggered, further reducing the 
detection time (manuscript in preparation).

In summary, the BluBAC workstation supports high 
sensitivity measures of microbial growth at different  
wavelengths. Wavelength, light intensity, and signal 
frequency and intensity, as determined in E. coli, 
statistically influence on detection time and the mi-
crobial growth kinetics. This last parameter is modi-
fied by photoestimulation, with decreased lag time, 
the shortage of the exponential growth phase and in-
creased growth rate. All these results justify the good 
performance of the BluBAC workstation in clinical 
microbiology laboratories and industrial processing 

Table. Some of the systems commercially available for fast microbiological screening

Manufacturer Model

* Price per unit, unless specified 
NF: data not found

Detection  
time (h)

Operating method
Price (USD)

Equipment Consumables*

Alifax ALFRED - 60 0.75-4 Turbidimetry 40 000-58 000 NF
Alifax HB&L  

Uroquattro
0.75-4 Turbidimetry NF NF

Biomerieux VITEK – 32 1-13 Turbidimetry 30 000-115 000 >10
Biomerieux VITEK – 2 2-18 Colorimetry- 

turbidimetry
30 000-115 000 >10

SIEMENS 
Healthcare 
Diagnostics

Microscan
Walkaway

2-18 Colorimetry- 
turbidimetry

35 000-100 000 ≈ 7

Becton  
Dickinson 
Diagnostic 
Systems

Bd Phoenix  
ap automated 
microbiology 

systems

1-16 Nephelometry-
colorimetry

95 000-125 000 ≈ 7

Trek  
Diagnostics

Sensititre Aris 
2X

1-16 Nephelometry-
colorimetry

105 000-120 000 7-13

Sysmex UF -  1000i Minutes Flow cytometry-  
Nephelometry- 
Fluorescence

100 000-150 000 58-88 (set)

units. Further research and applications will expand 
the profile of the system.
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