
SUMMARY

Significance of acetone measurement

Assessment of lipid metabolism

NADH sensor with photomultiplier

Fluorometric measurement system with flow-cell for acetone vapor
Detection in flow-cell

• maintain enzyme activity
• rinse reaction products
• supply NADH into the flow-cell

Calibration cure for NADH!"#$%&#"'(%')"*+",#")'-./0

OBJECTIVES

Acetone bio-sniffer (gas-phase biosensor) for monitoring of human 
volatile using enzymatic reaction of secondary alcohol dehydrogenase

Tokyo Medical and Dental University

Characteristics of the acetone bio-sniffer

・Fabrication of fiber-optic biochemical gas sensor (bio-sniffer) for acetone vapor
・Application of the bio-sniffer to measure exhaled breath acetone concentration

fluorescence (λ = 491 nm)

BPF                              
(λ=490±10 nm) PMTBPF                             

(λ=340±10 nm)
UV-LED                  

(λ=335 nm)

PB (80 mM, pH8.0), β-NADH (50 µM )

mass flow 
controller

standard gas 
generator acetone vapor

(200 ml/min)

pumpflow rate  
(1.5 ml/min)

Selectivity of bio-snifferCalibration curve for acetone vapor

Monitoring of acetone vapor 

photomultiplier tube 
(PMT)

Exciting light (340 nm) Fluorescence (491 nm)

UV-LED
BPF 

(λ = 490 ± 10)
BPF 

(λ = 340 ± 10)

NADH

!"#$%
&#$%
'#$%
!#$%
&""#(%
'""#(%

!""#(%

&"#(%
'"#(%
!"#(%
&#(%

'#(%
!#(%
&""#)% !#)%*

100 nmol/l –10 mmol/l
n = 10

buffer

vapor

excitation light (λ = 340 nm)

Structure of bio-sniffer

Enzyme immobilization

1 cm1 cm

fiber probe

flow cell

S-ADH 
membrane

o-ring

1. coating

2. spread & cure

mixture (enzyme & PMEH)

H-PTFE membrane

cure for 180 min at 4℃
3. rinse

remove redundant 
enzyme

optical fiber probe

Reaction of S-ADH
acetone +   + H+ 2-propanole + NAD+NADH

excitation light
(λ = 340 nm)

fluorescence
(λ = 491 nm)

Phosphate buffer solution is circulated

Conventional methods

simple continuous monitoring with good selectivity 

・The high-sensitive and high-selective acetone bio-sniffer with flow-cell was constructed

・The bio-sniffer was successfully applied to assessment of lipid metabolism  

High selectivity to acetone vapor

calibration range : 20–5300 ppb response time (95%): 35-70 s C.V. (500 ppb): 2.62%
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NADH measurement system
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S-ADH

Acetone 
(CH3COCH3)

Lipid metabolism in liver

High sensitive and selective bio-sniffer for FA
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Acetone is determined through reduced NADH consumption

acetone gas measurement system
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at 4 °C. The S-ADH immobilized membrane was then cut into
2!2 cm2 and fixed onto the flow-cell with a silicone O-ring.

2.3. Characterization of the fiber optic S-ADH bio-sniffer

Fig. 1 shows the experimental setup for monitoring of standard
acetone vapor. In this system, the acetone vapor was supplied from
the standard gas generator. The flow-rate was controlled using a
mass flow controller with a needle-bulb regulator (Type: RK1200,
Koflok, Tokyo, Japan). NADH-containing PB was circulated into the
flow-cell by an intelligent pump (FLOM Co. Ltd., Japan). S-ADH
loses its specific activity if chemical conditions are not adequate,
such as in dry conditions, and at an inappropriate temperature or
pH. The flow of PB kept the enzyme membrane wet, supplied
NADH, and also efficiently removed the reaction products (in-
cluding NADþ) and excessive substrates. Hence, reaction condi-
tions were optimized by the circulating PB.

Characterization of the acetone bio-sniffer was carried out by
supplying the standard gas to the sensing region via a Teflon tube.
High purity air flowed into the Teflon tube first, and subsequently
the acetone vapor was applied to the bio-sniffer. The total flow
rate was kept at 200 ml min#1. High purity air was also used as
the carrier gas to adjust the acetone levels. Changes in NADH
fluorescence intensity were measured using a PMT. The experi-
ment was repeated for five cycles.

2.4. The effect of pH and NADH concentration, and bio-sniffer
selectivity

The bio-sniffer's response to PB of different pH was evaluated
first. 50 mM NADH was added to 0.1 M PB solutions of different pH
(pH 5.5, 6.0, 6.5, 6.7, 7.0, 7.2 and 7.5) to prepare circulating PB
solution. 1 ppm acetone vapor was applied to the bio-sniffer and
the prepared solutions of different pH values were circulated into
the flow-cell.

Subsequently, the effect of NADH concentration was evaluated
under optimized pH conditions. Various NADH concentrations (20,
50 and 100 mM) were prepared in 0.1 M pH 7.0 PB. 1 ppm acetone
vapor was applied to the bio-sniffer and the prepared solutions of

different NADH concentration were circulated into the flow-cell.
The bio-sniffer's selectivity was then evaluated with eleven

single gases and two mixed gases. The following single gases were
used at a concentration of 1 ppm: acetone, 2-butanone, 2-penta-
none, acetaldehyde, formaldehyde, methanol, 2-propanol, 1-pro-
panol, ethanol, 1-butanol, methyl mercaptan. The mixed gases
included 1 ppm acetone and either 0.5 ppb 2-pentanone or
2-butanone. These gases are typically found in human breath. Each
gas was supplied from the standard gas generator.

2.5. Measurement of breath acetone during an exercise stress test

Authorization for this part of the study was granted by the
Human Investigations Committee of the Institute of Biomaterials
and Bioengineering, Tokyo Medical and Dental University (au-
thorization code: 2014-01), conforming to standards stipulated in
the Declaration of Helsinki. Informed consent was obtained from
all subjects.

Subjects attended the laboratory in the morning after an
overnight fast of at least 6 h. Expired air samples were collected at
rest at 0 min and later at 30 min. The subjects then cycled for
30 min on a bicycle ergometer, with a constant load of 50 W. Heart
rate was continuously recorded during exercise and expired air
samples were collected at 10 min intervals. Air samples were also
collected at 15 or 30 min intervals after 150 min of exercising. Each
subject was asked to inspire normally, hold their breath for 5 s,
and then exhale slowly. Exhalation from the first 3 s was discarded
and the remainder of expired air was collected using a sampling
bag with a mouthpiece (Bikov et al., 2013) The bio-sniffer was
subsequently exposed to the samples of expired air using an air
pump at a flow rate of 200 ml min#1 (S1).

3. Results and discussion

3.1. Characteristics of the acetone bio-sniffer

The fluorescent response to acetone vapor was investigated
using the standard gas measurement system. Fig. 2 shows real-
time changes in fluorescence intensity (Δintensity) at various
concentrations of gaseous acetone. When the sensing region was
exposed to acetone vapor, fluorescence intensity decreased and
reached steady state values immediately. Fluorescence intensity
returned to the initial state upon cessation of acetone vapor flow.

Fig. 1. Experimental setup for characterization of the fiber-optic acetone bio-snif-
fer. The bio-sniffer measures acetone vapor as fluorescence of NADH, which is
consumed at the enzyme membrane. PB that contained NADH was circulated at a
flow-rate of 1.5 ml min#1. The capacity of the reservoir is 1000 ml. The inset shows
the cross-sectional structure of the flow-cell with the S-ADH immobilized
membrane.

Fig. 2. Changes in various concentrations of standard acetone vapor over time. The
steady state value is determined by the balance consumption rates of NADH. The
response time to reach 95% of the steady state was 35–70 s.
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