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ABSTRACT

oA 24 IAFZE AT ATHZHY A 7|6k
A7188k vlo] 2. AlA S

Erdenedalai Otgontuya
Advisor : Prof. Lee, Jung
Heon, Ph.D.

Department of Chemical
Engineering,

Graduate School of

Chosun University

The determination and evaluation of urea levels aid in the diagnosis of kidney
diseases. In this study, Cobalt-Nitrogen-Carbon (Co-N-C) synthesized by chemical
oxidative polymerization was used as an immobilization support for jack bean urease.
Cobalt-Nitrogen-Carbon (Co-N-C) catalytic membrane were successfully prepared and
used as carriers for the immobilization of urease.

Urease was immobilized on the surface of catalytic membrane by Enzyme adsorption
precipitation crosslink (EAPC) methods. Urease immobilization activity were measured
using indophenol method. The effect of pH and temperature on urease activity were
studied. The result showed that the optimum temperature of immobilized urease was 6
0°C and optimum pH was 8.

The urea biosensor was with an ammonium selective electrode along with the urease
immobilized nanoparticles. Synthesized nanoparticles were characterized by SEM and

attachment of the enzyme onto the nanoparticles was evaluated by FT-IR analysis.

- viii -
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Amperometric response of the biosensor was examined as a function of the different
concentrations of urea solution, and linear concentration range of urea was demonstrated
in the range of 0.01 mM- 10 mM. The proposed enzymatic urea sensor is highly
selective even in the presence of common onterferents such as glucose and organic
acids. The developed urea biosensor has good properties for urea analysis in urine
samples and can archieve a significant improvement for its simple and cost-effective of

electrodes.
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Figure. 2. Reaction scheme of lipase catalyzed esterfication
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Enzyme Immobilization
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Figure. 4. Method of enzyme immobilization
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Table 1. Urease Enzyme Immobilized on nanoparticles and their biotechnological

applications [35-36]

Immobilized
Nanomaterial ) Application Ref.
technique
Graphene oxide Blood purification 16
Nanoparticles (NPs) )
Cross linkage Biosensor 17
aggregates
Nanoceria Adsorption 18
Nickel ferrite (NiFeyOs) ) )
Adsorption Biosensor 19
nanoparticles
Glutathione-capped gold ) )
Covalent Bonding Biosensor 20
nanoparticles
Adsorption and
Magnenite nanoparticles 21
entrapment
Polypyrrole (Ppy) and
Py Y Biosensor 22
carbon nanotubes
Fullerene Entrapment Biosensor 23
Carbodiimide
Magnenite nanoparticles 24
reaction
Zinc oxide Biosensor 25
Rhodium nanoparticles Biosensor 26
Gold nanoparticles Covalent bonding Biosensor 27
Nanoporous alumnia
Biosensor 28

membranes
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}) Screen printed electrode

Screen printed electrode (SPE)= X3St v|-&, tfsF AJAH 43]8& 2 o wj7d A

Fot 22 e 7H 438 ATIEs Ad=e R, A&
1 22 ©4 paste A5 F [ ©@A A9 o2 ©
printed electrode= Q14 A= AMAY X w7t B EC= Qs A

AZF AR BHS HIFT 5 Qo] gdst AR Aas dE 45 FHAA
7] 2 Qlth. Screen Printed electrode= 373, 9] 7, AlZ U Hjo|QAlA 7Hgh &
Wo] o8& Qlt} Ceramic 7]¥ o Electrochemical electro systemi} =
working, reference, counter A=0] @& QlAj&]o] 9lo] o]835}7|] WS, AR

ofepelsfel Ao a0l ER7t chysbl SR ok [48-50]

. Sample
: sensing area

RE

Connector
| Leads

(4) (B)

Figure. 5. Structure of Screen printed electrode
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A2g AY Mg R U

1L Az 2 717

2 ALofAl= Urease (Sigma, from Jack beans)S 173t 8§45
Urease 2743t 575 913 712 2% Urea (Amersham) AME5H3I 27

Ahgstelc.

24 A 4

£ = A]9F2 Sodium hypochlorite (Daejong Chemical) , Phenol ( Junsei Chemical)E
Agstch. 54 DS B Oieet Senso)@ ONT, MCE Agelsich £t
A1olAl= Ammonia Sulfate (Duksan Pure Chemical) Tris-HCL(Sigma, USA),

Glutaraldehyde (25%, Sigma) Sodium Hydroxide (NaOH, Junsei Chemical),

(Duksan)s A]2FS Al8otct CEEAl H2f BAMS Q1S BSA(Sigma, USa), Bradford

(Sigma, USA),E At&stict

AFESE 717|2E BRE 255 GA|sH] Yol Thermo mixer( Fine

precisionznd.co), &4 A Z=74517] ¢ UV/Visible-spectrophotometer (Ultrospec
2100 pro, Amarshem), pHS 27| 9|5l pH U]E (Sanxin) AF235tY 1 E5F A 7|3}st

2AM8 st7] 93t ZHX]= CHI 600 (CH Instrument)S AF-85}%

_']1_

Collection @ chosun



2. A9 9

ot &a 133} 54 24
1) Co-N-C membrane EA] Ax

Cobalt( Il )Chloride hexahydrate 1.5g 2 nitrilotriacetic acid 1.2gS isopropyl 20ml=

= £89% 80mlof| o]l 25°ColA] #YsHA Ab7] wytsto] &QIck 1 &,

L.

S HZE 2}o|d(Teflon-lined) QL EZ2o]H o] Y1l 200°C2] QE oA 24A]

SESAIZITE ARoA BZAZ 3, Alad AdeS gl 22 o2 ¢
AFEHCOM). B8 CoMembrane® o) 4 AR AP olds 3
2 900°ColA] 6A17F =9t 5°C/min®] Y 2} E(ramping rat) = —’,\—3))4%13} AtHA o 2

A ars g4 A5t ARSIt [51] (Figure 5)

oS o%
gL Ho
olr

ro oo

, ol

Ale o g WZHA7] &

T

2) Co-N-C membrane §4 1173}
Co-N-C membrane2 Tubeo]] 2o} & 0] Urease (Img/ml) 45 Iml dof &
4°Cof|A] 302 ¥FSA|F T 308 At 20 Ammonium sulfate (AS)S 0.5g2 2
31 THA] 308 YHSA]ZICE 25% glutaraldehyde (GA) linker 8-9H-2- 40 ul g%

&R 4°ColA ®ES AlZdH 17AIRE 8RS AR 2o d&2]7] o]-&3l

o

A =y
W] 8F25tK] e 8RS A|A5t7] ¢J8] 0.1M Tris-HCl (pH 7.9)2 gow 30

4°CoA Hh-g AZAT Y3

2 0.IM Potassium phosphate buffer (pH 7.0)S ©]-&5HA]
58] ol% MIAsto] o]-&ski
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Urease 2.49] 7]l Ureag AMgSto] dRuofet oldtettaz 7ha2sf vhs
Aemls YPE oldsto] duyot 5=8 58S 5
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I

o 9

3
otm o} AMAM-8 UV/Visible-spectrophotometerS At
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(pH 7.0)0f] =9It} Tubeof 0.1M UreaS 1008} 3]Ast t}-20 free?} A3t 84S
Z¥zy 0, 5, 10, 15, 20, 25, 30% AlZtotch §4& AHSES =A5H9TH Ammonia
=¥ 0.lmM Ammonia sulfateg ©]8o5to] AMdsttt. (Figure

Standard curveS

6)

O O

gt & ot 3= de 545H7] $1sH Bradford A]o& O]ﬁa}giq_ =
H= 5

5) ngst G40 &5 pHet %594 me 3y 57
FreeQt 1o} @40 2=o ohg 43 Q5 Thermo MixerS ©]-&5}
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A 5
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L}. Electrochemical performance
1) Co-N-C/SPE A|Zx5}= 4

Co-N-C membrane2 10 pL 8988 F7tsto] AFY A =(working electrode)?] #H
oo AL} Co-N-C membrane?] 88 1.0 x 10°M Triton X-1003 &S5}
+ membrane®] 0.5 5F % £8&NF ARSIAUT. +&AZ AME-SH] ﬂOﬂ 52 ¢
sonication bathof] 2t} T Ohg s UsH Hojo] 83 [T
Alato g 4A17F &k 100°Co] 2o 2L Az AZh 4 ARE 20 %v#i *ﬂ"#
5to] Ao &ds] Ax AZl. [53

7}) Scanrate

1733kEl &4 SPEQ] scan rateo] T F7|geA 242 9ol 15T 40 plS
SPEO]| 22|31l scan rate HYS 50 mV/so|A 500 mV/s7HK] WSS ZWHA] o]o T2
current3} 2 S459 00 A2 potential H = 2.5 VoA -2.5 VoA SA5HIch
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Figure 6. Schematic illustration of synthetic process of fabricate membrane as

Co-N-C * CNTs are in-situ grown on the 1D microfiber at 900°C under argon flow

*
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o}) Effect of Mediator
Table 2.9 Q= 2+ mediatorS 72+ solvent 1 mlof] 7ZJsiAl Fotz =9I
Glutaraldehyde (GA) 40 plS d7tsto] 1A]{FEQt inverto] &C}. Urease 15 ul?t AS 1
mgES 2o} §42 SAAF ZI1 linker 2 plg o] ¥ A]7Ict Solvento] =9I
o

= 1
S g0 g2 A]71 F working electrodeo] E3-2HS EaiF

in

—_

mediator 23808 5
O

AL 4°CoflA BEGA[ZITt

Table 2. Enzyme immobilization with mediator.

Solvent Mediator Mass (mg)
Methanol Toluidine Blue (TB) 30
DW Malachite Green (MG) 30

(A) (B)

o\ 0
O HOH OHO

OH

T =y 0 OH
:° o0
Me,N Y N
2

Figure. 7. Structure of mediator and immobilization mediator and Urease to SPE.

(A) TB (B) MG
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1 R?=0.9979
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Figure. 8. Standard curve for the determination of protein concentration
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Figure. 9. Standard curve for the determination of ammonia concentration
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Figure. 10. Production of Ammonia with Free urease ( operational condition:

Img/ml of enzyme, V=10nl, T=30°C)
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Figure. 11. Production of Ammonia with Immobilized urease on Co-N-C (

operational condition: 1mg/ml of enzyme, V=10nl, T=30°C)
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Figure.  12. Effect of pH on the activity of free and immobilized urease

enzyme
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Figure.  13. Effect of Temperature on the activity of free and immobilized

urease enzyme
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Figure.  14. The activity changes of free and immobilized urease with storage time

( Storage condition: pH=7.9, T=4°C)
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Figure.  15. Residual activity of immobilized urease after enzyme recycle
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2. Electrochemical Analysis

7}. Scanrate

& AdolME 2 VoA -2 VY QoA scan rates 3317}‘347\1 o] e AR
S BalSth San rel F7MIL4S ARSI A8 e BR0l FHEE
S BUT 4 UATL 50 ~ 500 mvis oI 2 A=) WA MR T
scan rate®] FFF Figure 15(A)0 et ok THoA] scan rate7} 50mV/sof| A
soomvisz F71etel met ma Mgl olgstel B4 £EH Aol 9= AL o
2 Q. 24 oF ¥ SPEE -0.975 VoAl R square valueZb 0.9947} U$Fod
Co/SPE?} Co-N-C/SPE= -1.175 VoA R square value 0.9912, 0.98 AT} Figure
169 YL sean raed] F42A T3 RO B2L wolET). oljd Ane
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Figure. 16. Cyclic Voltammograms of (A) Urease/GA/SPE according to the scan
rate range of 50mV/s to 500 mV/s. (B) Calibration curve

_30_

Collection @ chosun



(A)

s 50mV/s
4.0x107 7 100mVi/s
200mV/s
2.0x10° 300mV/s
' 400mV/s
g 500mV/s
S 0.0 |
.
.
=]
(&)
-2.0x10°
-4.0x10"
6010 +—/——"7—F—"FT"—"—"TF"+——"T"""—T"—TT—T"—T—
20 15 10 05 00 -05 1.0 15 20 25
Potential/V
(B)
3.0x10°
y = 5E-06x + 0.0004
R2=0.9912
2.5x10°
2.0x10°
<
il
c
I
= 1.5x10"° 1
=]
(&)
1.0x10°
5.0x10 |
T T T T T T T T T
0 100 200 300 400 500

Scanrate (mV/s)

Figure.  17. Cyclic Voltammograms of (A) Urease/GA/Co-N-C/SPE according to the
scan rate range of 50mV/s to 500 mV/s. (B) Calibration curve
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L}. Cyclic Voltammetry (CV)
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Figure. 18. Cyclic Voltammograms of (A) Urease/GA/SPE at scan rate 300mV/s.

(B) Calibration curve
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Figure. 19. Cyclic Voltammograms of (A) Urease/GA/Co/SPE at scan rate

300mV/s.(B) Calibration curve
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20. Cyclic Voltammograms of (A) Urease/GA/Co/SPE at scan rate
300mV/s.(B) Calibration curve
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C}. Amperometric I-t curve
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Figure. 21. Amperometric I-t curve of (A) Urease/GA/SPE (-1.175V).

(B) Calibration curve
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Figure. 22. Amperometric I-t curve of (A) Urease/GA/Co-N-C/SPE (-1.175V).

(B) Calibration curve

_38_

Collection @ chosun



2}. Effect of Mediator
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Figure. 23.  Cyclic  voltammetry of (A) Urease/MG/Co-N-C/SPE  (B)

Urease/TB/Co-N-C/SPE (scan rate: 300mV/s, 0.1mM Urea)
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Figure. 24. Cyclic voltammetry of Total (scan rate: 300mV/s, 0.lmM Urea)
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Figure. 25. Cyclic voltammetry calibration curve of Total (scan rate: 300mV/s,
0.1mM Urea)
- 42 -

Collection @ chosun



3. Modified Screen Printed Electrode

7}. Scanning Electron Microscope (SEM) 21

Co-N-C membrane & 1A 3}= urease §4°2] SEM ARl $hA =l LA Q0] Ao
Xl PEj= Figure 26(a)(b)?} 2o, 4 1A%} S0 gl & HE SEM
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Figure. 26. SEM images of (A)(B) Co-N-C membrane, (C)(D) Urease immoilization

after Co-N-C membranes.

_44_

Collection @ chosun



1) Scanning Electron Microscope (SEM) = (Screen Printed

Electrode)
Bare SPCE, Co-N-C-modified SPCE, Urease/Co-N-C/SPCES
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Figure. 27. SEM images of (A),(B),(C) CNT/SPE, ((D),(E) modified after CNT/SPE
with Co-N-C membranes, (G),(H),Urease immoilization after Co-N-C/CNT/SPE.
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OO0 pm

Figure. 28. SEM images of (A),(B),(C) CNT/SPE, ((D),(E) modified after CNT/SPE
with Cobalt hydroxide, (G),(H),Urease immoilization after Co/CNT/SPE.
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L}. Fourier-transform infrared (FT-IR) spectroscopy 2
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Figure. 29. FT-IR spectra of (A) CNT/SPE (B) Cobalt/SPE (C)Co-N-C/SPE

membrane.
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Table 3. FT-IR peak and corresponding functional groups of CNT/SPE, Co/SPE and
Co-N-C/SPE membrane

Wavenumber (cm) Functional group Vibration mode
1106 OH Stretching Vibration
Aromatic ring C=C
1517 C=C
stretching
2858 C-H i aliphatic Vibration
1255 C-O Bending Vibration
851 Co-O Cobalt Range
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