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A novel glutamine biosensor based on zinc oxide nanorod and 
glutaminase enzyme from Hypocria jecorina

Dilruba Albayrak & Emine Karakuş

Department of Chemistry, Faculty of Science and Arts, Yildiz Technical University, Esenler, İstanbul, Turkey

Introduction

The demand for fast, reliable, and continuous measure-
ments of chemical species in medicine, biotechnology and 
environmental sciences has evolved the need for small, easy 
to handle, and inexpensive analytic devices (Moser 2002).

Recently, nanomaterials have attracted tremendous inter-
est due to their important performance. Metal oxide semi-
conductors have attracted much interest because of its broad 
range of applications in electronics, sensors, transducers, and 
biomedical sciences. These nanostructures also show high 
electron transfer kinetics and strong adsorption capability, 
providing suitable microenvironments for the immobiliza-
tion of biomolecules and improved biosensing characteris-
tics (Liu et  al. 2010, Greene et  al. 2005). Among them, zinc 
oxide (ZnO) nanoparticle is one of the most important 
nanomaterials for nanotechnology because it is biocompat-
ible, biodegradable, and biosafe for biotechnological and  

medical applications in today’s research (Zhang et al. 2012). 
ZnO nanoparticles can be prepared on a large scale at low 
cost. There are several methods for preparation of the ZnO 
nanoparticles such as chemical precipitation (Lupan et al. 
2007a, 2007b), sol-gel synthesis (Kim and Kim 2003), and 
solvothermal/hydrothermal reaction (Ogata et  al. 2003, 
Wan et al. 2003, Grabowska et al. 2005, Aneesh et al. 2007). 
Because of low processing temperature and very easy 
to control the particle size, hydrothermal technique has 
more advances than the other methods. The method have 
also several advantage such as use of simple equipment, 
catalyst-free growth, low cost, large area uniform produc-
tion, environmental friendliness, and less hazardous. The 
particle properties such as morphology and size can be 
controlled via the hydrothermal process by adjusting the 
reaction temperature, time and concentration of precur-
sors. (Polsongkrama et al. 2008).

Glutamine is an important energy and nitrogen source 
used in the culturing of eukaryotic cells (Dattelbaum and 
Lakowicz 2001). It creates 60% of amino acid pool in muscles, 
20% of the total amino acid cycle in the body. Glutamine 
metabolism is closely related to the diseases involving 
ammonia imbalance such as animonia intoxication, hyper-
ammonemias, and protein intolerance (Scriver et al. 1977). 
Glutamine concentrations in body fluids are in the milli-
molar range and its level is closely related to many disease 
states (Altman and Dittmer 1961). For example, it has been 
observed that glutamine levels increased in the cerebro-
spinal fluid during hepatic coma and Reye’s syndrome in 
children. There is a 300% increase in glutamine level in rat 
brain during seizure, and a 50% decrease in muscle and 
plasma glutamine of patients with acute pancreatitis after  
a major injury and during sepsis (Scriver et  al. 1977, Roth 
et al. 1985).

Glutamine also takes place in amino acid supplements 
as capsule or powder forms are available. Glutamine has 
an important role in protein metabolism and it is the 
most important amino acid for the developers of the body  
(Dattelbaum and Lakowicz 2001). Despite its importance 
and ubiquitous presence in the body, glutamine is not  
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Abstract
A novel biosensor for determination of L-glutamine in 
pharmaceutical glutamine powder was developed via 
immobilizing our produced glutaminase enzyme from Hypocria 
jecorina onto our prepared zinc oxide (ZnO) nanorod and 
chitosan. ZnO nanorods were prepared as surface-dependent 
and surface-independent and both were used. The biosensor is 
specific for L-glutamine and the peculiar analytical properties 
(linearity range, reproducibility, and accuracy) of it were 
experimentally determined. The optimum operating conditions 
of the biosensor such as buffer concentration, buffer pH, and 
medium temperature effect on the response of biosensor were 
studied. Km and Vmax values for the our-producing glutaminase 
enzyme from Hypocria jecorina immobilized on the biosensor 
were also determined as 0.29 mM and 208.33 mV/min., 
respectively, from Lineweaver–Burk plot. The biosensor was 
then used for the determination of glutamine contained in 
pharmaceutical formulations.

Keywords: biosensor, chitosan, glutamine, metal oxide nanorod, 
nanorod, zinc oxide
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routinely determined in clinical laboratories. One reason for 
omission may be the absence of a standard method for the 
measurement of glutamine (Villarta et al. 1992).

L-Glutaminase is widely distributed in animal tissues, 
plants, and microorganisms including bacteria, fungi, 
and yeast (Katikala et  al. 2009). L-glutaminase produc-
tion via various bacterial genera under submerged cul-
ture conditions was extensively studied (Wade et al. 1971, 
Imada et al. 1973, Saxena and Sinha 1981, Yano et al. 1988, 
Shindia et  al. 2007). Furthermore, submerged cultures of 
Verticillium malthousei (Imada et  al. 1973), Aspergillus 
sojae (Yamamoto and Hirooka 1974), Aspergillus nidulans 
(Saxena and Sinha 1981), Tilachlidium humicola (Yano 
et al. 1988), and Penicillium notatum (Shindia et al. 2007) 
had been used for L-glutaminases production. Although 
Hypocrea jecorina (anamorph Trichoderma reesei) is an 
industrially important producer of cellulase for an appli-
cations portfolio that includes pulp and paper process-
ing, food and feed processing, textile manufacturing and 
modification, and detergents/cleaners formulation, it is 
potentially used of all areas of enzyme production (Bülbül 
and Karakuş  2013).

This paper presents a novel glutamine biosensor to deter-
mine glutamine in GNC glutamine powder. The biosensor 
was prepared via immobilizing our-producing glutaminase 
from Hypocria jecorina on our-prepared ZnO nanorod and 
chitosan. The bioanalytical characterization of the proposed 
biosensor was also carried out.

Experimental

Reagents and instruments
L-glutamine, chitosane, L-ascorbic acid, uric acid, glucose, 
potato dextrose agar (PDA), ethanol, KH2PO4, MgSO4.7H2O, 
KCl, NaCl, NaOH, NaH2PO4, Na2HPO4, KI, and HgCl2 were 
purchased from Sigma Chemical (St. Louis, Mo, USA). 
Hexamethylenetetramine (HMT) and zinc nitrate tetrahy-
drate were purchased from Merck (Darmstadt, Germany). 
ORION 4-Star benchtop pH-ion meter was used for poten-
tial measurements. Sartorius PB-11 pH meter was used to 
measure the pH of all solution. The potential values were 
given against the Ag/AgCl double junction reference elec-
trode (ORION 90-02). All measurements were made with 
a 25-ml glass cell. A magnetic stirrer was used throughout 
the experiments.

All other chemicals used were of analytical reagent 
grade. Standard solutions and buffer solutions were pre-
pared with deionized water. The absorbance measurements 
were carried out with Agilent UV-Vis spectrophotometer. 
Sartorius-PB11 model pH-meter was used for pH measure-
ments. The incubation, sterilization, heating, cooling, and 
storing procedures were made with VWR-incubating mini 
shaker, Clifton brand water bath, Certoclav brand auto-
clave, Memmert brand oven, Arçelik brand refrigerator, 
respectively. Deionized water was obtained from Millipore 
MilliQ Gradient System. Our composed ZnO nanorods were 
imaged using Zeiss EVO LS-10 branded scanning electron 
microscope (SEM). The GNC-brand glutamine powder was 
used for glutamine assay.

Microorganism
In this study, Hypocrea jecorina microorganism obtained 
from Institute of Biochemical Technology and Microbiology, 
Vienna Technical University was used.

Cultivation
In order to sustain the growth and vitality of Hypocrea jecorina 
microorganism, PDA was prepared. For this purpose, 39 g of 
PDA was dissolved in water and the final solution volume 
was completed to 1 l with distilled water. This PDA solution 
was sterilized through autoclaving for 20 minutes at 121°C. 
After sterilization, it was kept at 45°C in water bath and the 
solution was apportion into petri dishes and allowed to cool. 
The solidified media was stored in a refrigerator at  4°C 
until used. For preparing PDA slant agar medium, 15 mL 
of the solution prepared was apportion into each tube and 
closed lids of the tubes and sterilized through autoclaving 
for 20 minutes at 121°C. After sterilization process, the tubes 
were allowed to cool positioning of flat. The solidified media 
were stored at  4°C until used.

H. jecorina was planted into each petri dish containing 
solidified culture media with sterile loop and incubated 
for 7 days in an incubator set at 30°C. After incubation 
period of 7 days the petri dishes contained produced  
H. jecorina were covered with parafilm and stored at 4°C 
until used. This procedure was repeated when needed 
fresh H. jecorina. To maintain vitality of the mold strains 
were stored at 4°C, it was transferred to fresh mediums 
once a month.

To produce crude L-glutaminase enzyme extract from  
H. jecorina, we used the our-modified fermenting liquid 
media method proposed by El-Sayed’s method (El-Sayed 
2009). The medium contains these components (in grams per 
liter): glucose as carbon source 1.0, KH2PO4 0.1, MgSO4.7H2O 
0.05, KCl 0.05, NaCl 5.0, and L-glutamine as nitrogen source 
4.0. After sterilization of 100 mL of the solution containing 
these liquid media components at 121°C for 20 minutes, the 
solution was incubated in water bath at 30°C for 30 minutes. 
2 mL of H. jecorina pure culture was added into this steril-
ized solution medium and incubated at 30°C and 150 rpm 
in shaking incubator for 30 minutes. After incubation of 
30  minutes, we measured L-glutaminase activity. Experi-
ments and enzymatic assay were performed in triplicates for 
each sample.

To maximize the yield of L-glutaminase from Hypocrea 
jecorina, several parameters such as effect of substrate and 
salt concentrations were investigated.

To determine the optimum substrate concentration for 
maximum L-glutaminase activity, it was prepared culture 
medium contained L-glutamine concentration ranging 
from 1% to 5% w/v separately. The effect of different doses 
of NaCl (0–15% w/v) to the production medium to maximize 
enzyme activity was also studied. The effects of substrate 
and salt concentration on the enzyme production were 
evaluated by measuring L-glutaminase enzyme activity. The 
optimized parameter was incorporated at its optimized level 
in the all experiments. All the experiments were conducted 
in triplicate. After incubation of each fermentation sample, 
the crude enzyme was prepared. All of these experimental 
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studies were presented in our previous study (Bülbül and 
Karakuş  2013).

Preparation of surface-dependent and  
surface-independent ZnO nanorods
ZnO nanorod was prepared as both surface-dependent  
(silver, gold wire or sheet, etc.) and surface-independent.  
In this study, both ZnO nanorods were produced using 
hydrothermal method (Çoğal 2009).

In order to prepare the surface-dependent ZnO nanorod, 
the silver wire washed with acetone, ethanol, and bidistilled 
water was immersed in the solution composed of 25 ml of 
Zn (NO3)2 (0.025 M) and 0.025 M 25 ml of HMT (0.025 M) at 
95°C and incubated for 2–4 hours to evaporate the solution. 
White-colored layer on the surface of silver wire indicates 
the formation of ZnO nanorod. The ZnO-coated wire was 
washed with bidistilled water and allowed to dry at room 
temperature for 5 min. The resulting SEM image of the ZnO 
nanorod was obtained (Figure 1).

In order to prepare the surface-independent ZnO nano-
rod, the silver wire washed with acetone, ethanol, and 
bidistilled water was immersed in the solution composed of 
0.025 M 25 ml Zn (NO3)2 and 0.025 M 25 ml HMT at 95°C and 
incubated for 2–4 hours to completely evaporate the solu-
tion. The surface-independent ZnO nanorod was obtained 
by scrapping the white layer at the bottom of the beaker.

Preparation of glutamine biosensor
Glutamine biosensor was prepared using both surface-
dependent and surface-independent ZnO nanorod. After 
surface-dependent ZnO nanorod was incubated into 
0.15  M phosphate buffer (pH 7.4) for 5 min to occur on 

the hydrophilic surface on nanorod surface, it was dipped 
into the solution containing 1 ml of glutaminase enzyme 
solution from H. jecorina (pH 7.4) and 0.5 ml chitosan (5%) 
for 30 minutes to provide electrostatically and chemically 
immobilization of the enzyme onto nanorod and chitosan, 
respectively. The prepared sensor was allowed to dry at 
 4°C for 5 minutes and dipped into the solution contain-
ing 1 ml of 5% of chitosan and 2 mg of surface-independent 
ZnO nanorod for 15 min  4°C and dried for 15 min at 
same temperature. As a result of this, it was provided to 
be hold surface-independent ZnO nanorod particles and 
cover chitosan layer onto surface-dependent ZnO nano-
rod surface. After drying, the biosensor was incubated in 
the solution of 1 ml of glutaminase enzyme solution from 
H. jecorina (pH 7.4) for 1 h and allowed to dry for 15 min-
utes at  4°C and our glutamine biosensor was obtained. 
The scheme of the our produced-glutamine biosensor 
is shown in Scheme 1. When not in use, biosensors were 
stored in a refrigerator at 4°C.

Measurement of the biosensor response to glutamine
Potential measurements for the glutamine biosensor  
were carried out by varying glutamine concentration in 
steady-state condition. 0.1 M of phosphate buffer was 
used as a working buffer solution at optimum pH for each 
biosensor. Measurements were made with the proposed 
glutamine biosensor and Ag/AgCl reference electrode. 
Biosensor was immersed to a depth of 1.5 cm in glutamine 
solution that was stirred using a magnetic stirrer. All  
the experimental works were carried out at room tem-
perature (20–25°C). The calibration curves were obtained 
by plotting the potential values of a series of standard 
glutamine solution against the logarithm of glutamine 
concentration.

Procedure for determination of glutamine in commercial 
glutamine powder
It was used the standard addition method to determine the 
glutamine amount in commercial glutamine powder using 
our prepared glutamine biosensor. Firstly, the biosensor was 
immersed in 0.15 M of phosphate buffer containing certain 
amount of serum samples at pH 7.4. Then, stock glutamine 
solution (1.0  10 2 M pH 7.4) was added to this solution 
step-by-step. After each step, potential values against added  
amount (mL) of glutamine solution were plotted and  
glutamine amount was determined using our prepared glu-
tamine biosensor. It was checked with our results obtained 
from the proposed biosensor by comparing this values with 
reported values.

Figure 1. The Scanning electron microscope image of the ZnO nanorod.

Silwer wire

Scheme 1. The preparation scheme of glutamine biosensor based on glutaminase from Hypocria jecorina ( ), ZnO nanorod ( ), and  
chitosan ( ).
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denaturated (Karakuş et  al. 2005). The optimum pH of the 
biosensor was determined as pH 7.4 (Figure 4). Although 
Wakayama et al. (2005) identified glutaminase enzyme was 
more stable at pH 8.0 (Wakayama et al. 2005), it was gener-
ally selected neutral pH to study with glutamine biosensors 
(Moser et al. 1995, Villarta et al. 1992). Other measurements 
of the biosensor were made at the optimum pH.

Effect of temperature
After glutamine calibration solutions were prepared at  
optimum conditions of the our prepared glutamine biosen-
sor, we separately studied its response at seven different 
temperatures varying from 5°C to 40°C. The slope values 
of the biosensor were determined by plotting calibration 
graphs for each temperature. Because the maximum slope 
value was obtained at 25°C, its optimum temperature  
was determined as 25°C (Figure 5). This is good result for  
the biosensor because we can study at room temperature.

Interference effects on the glutamine biosensor
In order to determine the interference effects of L-ascorbic  
acid and uric acid on the biosensor, the solutions of  
glutamine, L-ascorbic acid and uric acid were prepared at 
different concentrations between 10  7 M and 10  5 M at the 
optimum working conditions of the proposed biosensor.

Results and discussion

The calibration curve of glutamine biosensor for glutamine 
is shown at Figure 2.

As it can be seen from the calibration graph of the  
biosensor in Figure 2, the slope of the glutamine biosensor 
is 37.2 mV/log[glutamine], which is closed to Nernstian  
slope value of 59 mV/substrate concentration. The working 
concentration range of the biosensor is 1.0  10 5–1.0   
10 7 M. It will be possible to be carried out in small glutamine 
concentration. It is an advantages for a biosensor to determine 
the concentration of the analyte in real samples. Because the 
glutamine selectivity of our prepared glutamine biosensor— 
based on glutaminase from H. jecorina—ZnO nanorod and 
chitosane are good enough, we have decided that the our 
prepared glutamine biosensor can be used for glutamine 
determination in real samples.

Effect of buffer concentration
The slope values of the biosensor were determined at  
six different buffer concentrations varying from 0.05 M 
to 0.2 M. Maximum performance was obtained at 0.15 M 
phosphate buffer to determine the buffer concentration in 
response of the glutamine biosensor (Figure 3).

In this study, the highest slope is obtained for the glu-
tamine biosensor that was found to be 0.15 M (Figure 3). 
It can be said that the biosensor response was lower at the 
lower buffer concentrations than 0.15 M because of the 
lower buffering capacity. Phosphate buffer was generally 
selected for glutamine biosensor as working buffer as that of 
us (Moser et al. 1995, Villarta et al. 1992).

Effect of pH
The pH effect on the analytical signal of the glutamine bio-
sensor based on ZnO nanorod, chitosan, and glutaminase 
from H. jecorina was investigated by measuring phosphate 
buffer at six different pH in range of 6.5–7.6. The results 
obtained are presented in Figure 4.

It is shown in Figure 4 that the slopes and sensitivity  
of glutamine biosensor prepared with glutaminase from 
H. jecorina are sharply decreasing after pH 7.4 because the 
glutaminase enzyme immobilized onto the biosensor is 
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Figure 4. Effect of pH on the glutamine biosensor. The study is carried 
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0.15 M phosphate buffer at changing pH values.
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Figure 3. Effect of buffer concentration on the glutamine biosensor.  
The study is carried out with 1.0  10 5–1.0  10 7 M glutamine 
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Figure 2. The calibration graphs of the glutamine biosensor. The study 
is carried out with 1.0  10 5–1.0  10 7 M glutamine calibration 
solutions in phosphate buffer (pH 7.4).
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The potential measurements were carried out for 
L-ascorbic acid, uric acid and glutamine without any other 
substance adding and determined the interference effect 
of both substance as a percentage. L-ascorbic acid and uric 
acid didn’t show any important interference effect for the 
proposed biosensor.

Response time, lifetime and reproducibility  
of the glutamine biosensor
An ideal biosensor should response in a short time. The 
response time of the glutamine biosensor was determined 
by recording the time elapsed to reach a stable potential 
value after the biosensor and the reference electrode were 
immersed in calibration solutions. It was found that the 
response time of the biosensor was less than 1 min.

After our prepared glutamine biosensor was stored at  
 4°C to determine the lifetime of it, the calibration graph of 
the biosensor was plotted 2 days a week. Although the ana-
lytical performances of the biosensor are very good, it was 
shown that the biosensor’s life-time is about 1 month. At  
the end of 1 month, it couldn’t be observed any response for 
the biosensor.

In order to determine the reproducibility of the glutamine 
biosensors, mV measurements were made in four serial  
glutamine calibration solutions at optimum pH of the bio-
sensor in the same day and the slope was determined after 
each measurement from calibration graph. Numerically 
greatest slope value was considered as 100% the other slope 
values was calculated accordingly that. The results obtained 
that the reproducibility of our glutamine biosensor is very 
good.

Storage stability of the lysine biosensors
To determine the lifetime of the glutamine biosensor for a 
period of 45 days, and the linear working range and slopes 
were determined by drawing calibration graphs at each day 
during 45 days. The relative activity values were determined 
and plotted against days (Figure 6).

It is shown in Figure 6, 10% and 20% of activity losses of 
the biosensor after 19 and 33 days, respectively. It can be 
said that our prepared glutamine biosensor based on glu-
taminase from H. jecorina and ZnO nanorod can be easily 
used in glutamine assay because of its long lifetime and wide 
linear working range.

Determination of kinetic constants of glutaminase  
from H. jecorina immobilized on the proposed  
glutamine biosensor
Maximum speed (Vmax) is highest speed that enzymatic 
catalysis reach maximum at this speed value. Michaelis 
Menten constant (Km) is the amount of substrate which it 
corresponds to half of the maximum speed. If an enzyme has 
lower Km value, it will be high-affinity against its substrate 
(Segel 1993).

In order to determine Vmax and Km of the glutaminase 
enzyme from H. jecorina immobilized in the proposed bio-
sensor, the initial reaction rates were separately measured by 
using glutamine calibration solutions at different concentra-
tions between 1 and 10 mM at optimal pH and temperature 
values. Km and Vmax values were calculated by means of the 
Lineweaver–Burk plots (Lineweaver & Burk,1934; Figure 7). 
Km and Vmax values of the glutamine biosensor are found as 
0.29 mM and 208.33 mV/min, respectively.

Determination of glutamine in GNC glutamine powder 
and recovery studies
After we optimized our prepared ZnO nanorod, chitosan 
and glutaminase from H. jecorina-based glutamine biosen-
sor, we investigated whether it can be used in glutamine  
powder sample for glutamine determination using the 
standard addition method. After each addition of sample, 
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is carried out with 1.0  10 5-1.0  10 7 M glutamine calibration 
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Figure 6. The lifetime of glutamine biosensor for a period of 45 days.  
The study is carried out with 1.0  10 521.0  10 7 M glutamine 
calibration solutions in 0.15 M phosphate buffer at pH 7.4.
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Figure 7. The Lineweaver–Burk plot of glutaminase from Hypocria 
jecorina immobilized in prepared glutamine biosensor. The 
measurements were made using our proposed glutamine biosensor.
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Yamamoto S, Hirooka H. 1974. Production of glutaminase by  
Aspergillus sojae. J Ferment Technol. 52:564–569

Yano T, Ito M, Tomita K, Kumagai H, Tochikura T. 1988. Purification 
and properties of glutaminase from Aspergillus oryzae. J Ferment 
Technol. 66:137–143.

Zhang Y, Ram MK, Stefanakos EK, Goswami DY. 2012. Synthesis, 
Characterization, and Applications of ZnO Nanowires. J Nano mat. 
2012:22 pages.

the glutamine concentration was determined using the 
proposed biosensor and potential values were recorded. 
The original glutamine amount in GNC glutamine powder is 
presented in Table I.

As it is seen in Table I, the result obtained with our  
prepared glutamine biosensor is in good agreement with  
the original value. Therefore it can be said that glutamine 
assay was successfully made with our-produced biosensor 
without any interfering effect. As a result of this, it can be 
said that the presented ZnO nanorod, chitosan, and glutam-
inase from H. jecorina-based glutamine enzyme biosensor 
allowed the determination of glutamine with comparable 
accuracy to original value.

Conclusion

The paper presents the glutamine biosensor composed off 
glutaminase enzyme from H. jecorina, our produced-ZnO 
nanorod and chitosan. We obtained very good analytical 
results such as quick response time, high sensitivity, cheap, 
and simple biosensor construction with the biosensor. 
L-ascorbic acid and uric acid that can present in biological 
medium have not shown important interference effect on 
the response of the proposed biosensor. The determination  
of glutamine assay in GNC glutamine powder with the  
biosensor was also carried out.
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Original value in GNC glutamine  

powder
The value obtained from 

proposed biosensor (C, mg)
0.365 0.403  0.5
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