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Abstract — This study aimed to investigate the impact of enhancing the electrode conductivity and mitigating the
production of hydrogen peroxide - a by-product arising from lactate oxidation — on the performance of lactate electrodes.
The electrical conductivity of the electrode was improved by modifying the surface of carbon paper with single-walled
carbon nanotubes. Catalase was introduced to effectively eliminate the hydrogen peroxide produced during the lactate
oxidation reaction. The carbon paper electrode, with simultaneous immobilization of both lactate oxidase and catalase,
yielded a current 1.7 times greater than the electrode where only lactate oxidase was immobilized. The electrode in
which lactate oxidase and catalase were co-immobilized on the surface of carbon paper modified with single-walled
carbon nanotubes, produced a current of 171 pA, which was more than twice as much current as the carbon paper with
only lactate oxidase immobilized. The optimized electrode showed a linear response up to lactate concentration of
20 mM, confirming that it can be used as a sensor electrode.
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2-1. A THZ

Aerococcus viridans 2 AAr 213} & A (lactate oxidase, LOX),
FrE-2tobA] (catalase, Cat), 2142 E F(sodium-L-lactate) 2 7] E}
9 F 55 Sigma-Aldrich AK(St. Louis, USA)lI A 791 3+ TF. &)
9] =1 (Seoul, Korea)oll Al BFAE0](HCP-020N)E T ¢3F3A 11
PVC ZE(F7, 200 um)Z} 3M AK(St. Paul, USA)Q] & E]o] &
QI AT ¥ (Seoul, Korea)oll A 918kt 7F25A1 712 753k
GAH B4 B (carboxylic-acid-functionalized single-walled
carbon nanotubes, SWCNTs)E A}-8-3F3lth. Al Z=AF 4 B (Sigma-
Aldrich A}, 2135 M & 652490)¢} W3 = [14]0] wh=d, 7§d
SWCNT®] 33 A 52 1.4+0.1 nm©] 12 *HE- 219 (bundle dimension)
4-5 nm x 0.5-1.5 nm®|t}, & AFEL A Al poly(N-
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CpP CP-SWCNTs

CP-SWCNTs-LOx: CP-SWCNTs-1.Ox-PEGDGE-(PVI-Os-dme)

CP-SWCNTS-LOx-Cat: CP-SWCNTS-LOx-Cat-PEGDGE-(PVI-Os-dme)
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Fig. 1. Schematic illustration for the modification of carbon paper with SWCNTs and enzymes.
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CP %= CP-SWCNTs 3%He] LOx %= Cato] F-29 A=S A
25T Lox A== #|1&38H7] 918k 10 mM phosphate buffer
saline (PBS, pH 7.0)°ll &3l LOx (125 U/mL), PEGDGE (40
mg/mL), & PVI-Os-dme (10 mg/mL)E 4:4:19] F-3n| 2 2 &%
slar Z3rel 20 LS CP B CP-SWCNTs 9] =328t}
O] & Zd=2ollX 2417 AZA7| 2L 4 CollA] 12A]3F BasE 3 ARE-
3kt LOx S Cato] 37 H-2hel A =-& AZekgich 10 mM
PBS (pH 7.0)°ll -&3]¥ LOx (250 U/mL), Cat (I mg/mL), PEGDGE
(40 mg/mL), PVI-Os-dme (10 mg/mL)E 2:2:4:1°] F-3jn]& 2+ &
31t £33k 20 uL= CP = CP-SWCNTs ol =33 &
AL 2A17F AZANTNAL 4 Tl 12417 B 3 ARR31I L)

2-

A= AL g4 AZE A=), Pt wire(td=h), 18]a1 7154
=<1 Ag/AgCl (LF-2, Innovative Instruments Inc., Tampa, USA)Z
TAE A 20 mM ARG EF @& AHo] 71 10 mM PBS (pH

CP-SWCNTs

N

7.0) 10 mLoll AFES T30 -0.4~0.6 V HY oA 20 mV/ise] 3
A}43 5 (scan rate) = 8- 94 79 (cyclic voltammetry, CV) 4
skt A=2 A B9S2k skl vE w2l 4
Abo] H71E 10 mM PBS (pH 7.0) == ¢l W(artificial sweat)
10 mLell A8 23 A A4S 0.3 VE F-A8P Al A7
(Chronoamperometry, CA) 45 A A8} Q1F =2 0.1 mM
E59, 17 mM $-2lo}, 0.8 M NaCl& £33 §-9(pH 6.5)°] T}
BE A7|gtsr Adde Ad2elx A A (potentiostat, CH
Instruments, model 660D, Houston, USA)E AR2-31o] =8| ¢t}
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Fig. 2. (a) SEM images and (b) EDS mapping of bare, SWCNT-modified, and lactate oxdiase-modified carbon paper.

Korean Chem. Eng. Res., Vol. 61, No. 4, November, 2023



B R EE T ghage] 7k 2k,

71891 AL A13lE A, 7} A (PEGDGE), 9 AFsl-8H¢l 84}
(PVI-Os-dme)7} CP -8 H7] W& o2 o AXL Fig.
2(b)i= VA 4k XA B33 (EDS) mapping w2412 35 H
ojz=t}. CpollM L& 5 ¥ A7} ©42(97.92 atomic %)2F A (2.08
atomic %) HHH, CP-LOxOI A = B2 (74.17%), A 2(14.17%),
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o] HEETh Loxe] 7372 dhldo] a1 o] o] =0 FAAES
Ehaa8} A 40|tk PEGDGE®S] T/ §hAx9) AF4~0] 3l PVI-Os-
dmet= ©a, Ab4, A4, Os, B CIE E3HeTh EDS 415 53t
of 42 A=EH AAE2 oy gl A= 4 dasl
ARZ ulEro 7 Cp ¥Wof| LOx, PVI-Os-dme, 2 PEGDGE7} 7}
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32. 54 M= M "ot

Fig. 3 10 mM PBS (pH, 7.0)°14] CP2} CP-SWCNTs2] CV
TS HolErh 3 o] Tl Al Atsl- g 9|37 A
o] o] W718k8t vhgo] 7] A0S vepditt. Absl A R-¢f 3
AR 9327k wgE A= 247 F 0117 0.07 VRIAL 0] 59
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Fig. 3. Cyclic voltammograms for CP and CP modified with SWCNTs
in PBS (10 mM, pH 7.0) recorded at the scan rate of 20 mV/s.
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397} ARG PVI-Os-dme?] AF3}H-3H 5] 0f| sjd-sttta
sk = Qltt. b CP-SWCNTsS] 37} CP2] F ARt} 52 s
HERIET, 0] SWONTZF 1=he] 7] M gl =27 7]
= A& AARRHL, Fig. 4= 24t A3} wh-g-o) 4 FEelolA|
A7 A= Aol mRe S HolF oV 4Bt 54
Fzkah gA40] Fvljahg-0 2 9 gho] oFe] MR olFsle] A=
52 037 0.25 Vollr] 42t Hojl absl A5 949} 8kl M5 94
£ AT Hl absk M Fgko] vEehE 9103 Vol A
S50 AR AR nugoEzN AFE2] Hes Frlst
At} LOx7} -2 CP A =H(CP-LOx)°] A eH= A 7S 2ak
A7 A 78 pAoll A F7F 3 86 AR 10% =715+ tHFig. 4(a)).
1A LOx$} Cato] FAlofl 721 24 =(CP-LOx-Cat) ZlAko] §l=
73993 pAel Blate] ZAAak AL Al 57% S48 146 pAS] AFS
A3t (Fig. 4(b)). & A3= CPoll 17 3kE Loxv}t A4l Aks)
HES-& SXIAZITH= A& W8] HolFEth 53] LoxS} Catd] &
Al F-2ko 7 = Adso] €53 E Ytk Aol 758 vl
AF3FA50], Loxe Frja-g o7 dato] wFHAko 2 4l3ly
] IS A (H,0,)7F A FTH 1], 2k ARstE A4 ksl
HAAPA S A (PVI-Os-dme)E 3to] AF0% AGE A d7
Azo] Aka g deEo] dlskr A Aol ARE Y] el M=
o] AYAsH= AFTFo] 2S5 Aoz FaE e}, ¥tk olye} Ik
3} 9l -2 B4 kA (Reactive oxygen species, ROS)> &4~
o] e Asfsh= 2o Z gk Tl EloAl= sl aE X
et theksh HFAle| = Eafnhg-a HXshs SARA 2k 4t
HH-E-0] HAMEQl Hakst2E AlAT 4= QlTH16]. HEFAITHA
(peroxidase) = ISl E A|A S @0l AW FhEetolA| o}
28 7)1 &o] tr2ut. FhEEtolAlE W2 ()7 2ol HAteA
£ wallste] B AR WHEA|RE HEATobAl = w4 (3)T
o] HkslrAE walste] B2 WMEiAl7|WA] thE 71 (RH,)S]
Sras], 5 Ak WS Fuljgleliti17].
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Fig. 4. Cyclic voltammograms for (a) LOx electrode and (b) LOx-Cat electrode in PBS (10 mM, pH 7.0) with or without sodium-L-lactate (20
mM) recorded at the scan rate of 20 mV/s. The LOx or Cat was immobilized on carbon paper (CP).
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Fig. 5. Cyclic voltammograms for (a) LOx electrode and (b) LOx-Cat electrode in PBS (10 mM, pH 7.0) with or without sodium-L-lactate (20
mM) recorded at the scan rate of 20 mV/s. The LOx or Cat was immobilized on carbon paper modified with SWCNTs (CP-SWCNTs).
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2 (LOxS} Caty7} FA ol 28 A =(CP-SWCNTs-LOx-Cat)2)
J5S Fig. 5(0b)° HA T} CP-SWCNTs-LOx-Cat> CP-SWCNTs-
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ol A S AFE] cv FAelA 03 V A2 o Ak R )
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Fig. 6. Magnitude of anodic current at 0.3 V (vs. Ag/AgCl), extracted
from cyclic voltammograms for four kinds of electrodes.
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