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Table 1. World Biosensor Manufacturer (1986).

Manufacturer Compounds Analysed

France
Solae-Tacussel glucose
[ast Germany

MLW glucose
Hungary
Radelkis glucose

Japan

AIC glucose, alcohol, lactate
Denki Kagaku aleohol, acetate

Kyoto Daiichi

Kagaku glucose

Fuji Electric glucose, alpha amylase, urate
Nikkiso glucose

Nissin Electric BOD

Omron Tateisi lactate

Oriental Electric glucose, hyrogen peroxide

Toa Electric glucose
Sweden
University of Lund albumin, ascorbate, ATP
cellobiose, cholesterol, creatine
cyanide, ethanol, galactose
gentamycin, glucose, heavy metals
insectisides, insulin, lactate
lactose, oxalate, penicillin
sucrose, triglycerides, urea
urate
United Kingdom
Thorn EMI Simtec nerve gas
USA
Provesta Co glucose, lactose, lactate
ethanol
Universal Sensors  glucose, urea, amino acids
Wolverine Medical lactate
Yellow Spring alcohol, fructose, glucose
lactate, lactose, sucrose
USSR
Lithuanian Acad

. glucose
Sei
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Fig. 2. General Diagram of Biosensor.

Table 2. Components that may be used to construct
a biosensor

Biological elements Transducers
Organisms Potentiometric
Tissues Amperometric

Cells Conductimetric
Organelles Impedimetric
Membranes Optical

Enzymes Calorimetric
Enzyme components Acoustic

Receptors Mechanical
Antibodies ‘Molecular’ electronic

Nucleic acids

Organic molecules

o] Fofz]i= A F-¥, transducer zzlin A=}
HB02 o] %o} 2} (Fig, 2), wleb4 Biosensor
£ AHESle AAlE 4, transducer B 2Bl &
Hele wAdol whel $-F-5lvh(Table 2).,
Biosensor ol °]8-# 4 ol €482 pH
|

w3zl jon APAE W 4wl A4 4], W
o, w3, dabAe, Adskds 55 o4 9
olabel wheS Hulsl= AL Table 104
ofo| ArNgh wie} o]l &4, kA 5 kAL 4
2, 3§ ookslel, of vlelAlE transducer ¢
E7% wix 4#¥ 1 biosensor Z-FEollA ol
A EA Y g EAE Ao,

3. Transducer

Biosensor o4 J-Eubg-8 A71H Alwz A
A)71= Ax%E transducer 8} 279, transdu-
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Table 3. Classification of transducers

Class Examples

Potentiometric  ion-selective electrode (ISE)

ion-selective field-effect transistor
(ISFET)

gas-selective electrode
Amperometric metal electrods
mediated systems
conducting organic salts
Optical ellipsometry
planar waveguide
fibre optic
surface plasmon resonance
Other thermistor
surface conductance

piezoelectric/surface acoustic wave
(SAW)

cer = AEukgE #v[H AlZE Al by
of ute} A<t transducer (potentiometric trans-

ducer), -+ transducer (amperometric trans-

ducer), # transducer{optical transducer),
7JebR. o] Al 7HeE 4 gleb(Table 3),

3-1. ®Y Transducer

A A Apelo] Aeulxl of-ol Eafsh gt
gAaxlct, weps] 2zt Olgoﬂ °l ol #hg o|&
st SFehAlAE ubs 4 2ok, o] ulel EAdy
+ w2 2HEsled 01%% Ay *Jﬂ%: axg A
$hA]#4 4] transducer 2 |3 4 olc}h, olegt
% # £ ion-selective field-effect transistor

(ISFET)&}t zlc},
ammonium selective

ob]deAl 2R g

Amino acid deaminase ¢}
membrane 2 of-§shid
ISFET biosensor & =M 4= 9J

v = =1

PAbslE 548 3489 7215 29} transducer
ol dFolrh(Fig. 3)
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Fig. 4. Three Dimensional Structure of Cytochrome c.

RS

TTF

Fig. 5. Structures of Ferrocene and Tetrathiafulvalene.

7}4 ok g}, Benzoquinone, 2, 6-dichloropheno-
lindophenol (DCPIP), hexacyanoferrate, ferr-
tetrathiafulvalene (TTF) GS°] Z3

mediator ©|=}, 53] ferrocene 7}
TTF+ A592 &3 o]&=%+ graphite 5 #
Sofl fA Adele AA dlfol 83 media-
tor & ¥+ v} (Fig, 5). Ferrocene & mediator
2 o]&3dke ZFxwlg biosensor 7} AbaizlE|of

ocene,
ol&sl+

etz Lo o] frly 9lor], AZRgdo4w
gga £ g9lg Aoz Aduks| 1 Qo

3-3. & Transducer

el ol 1 ]

b = A{ transducer v AENREE AH
A7 Alse dFA]71= AEH7] 348 trans-
H[8) 3 trasnducer = A5l 4

- I
olupt Wi 2 PAS GH 452 A5
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[ L H,0
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Fig. 6. Light Generation by Bacterial Luciferase.

% transducer ol 7H dubqoz o] g5 A
AEH-& luciferase, flavin mononucleotide,
zu} aldehyde & ©]Fo{z|+ bacterial lucifer-
ase system 2.2 luciferase = NADH &9
ghelado] glomd Wg b A aldehyde 5 =wt
sko.2 Alskele} (Fig, 6). Luciferase ¢ ©]2)3}
AAE o]83i0d NADS NADH & #9471 =
Aok g o] &4e] 7148 245 biosen-
sor & atE 4+ Uk

HpAlel e AEYRS-T 3 transducer 5 o]&-3}
o] biosensor ol ARH&-Ech, ABulgol4 dofr}

Tpaboll A Fdxe] WHEE spectro-
photometre 2. A3} 7" F2 347
Al EHe, whdio] 2] ok wbgE bl o] &

=
£ e

= El
sl F transducer o] ©|§3& 4 i}, mub &
G A|FH R 7} sl S o)Lsle oo)t)

AT - 71 laser e Agstz o
transducer ol Z7|7} HA A4¥gslE|n 9leow
B2 data MulRE Fuld £ Qlv] difel
S Al A3 A3 4 9l biosensor
ook 4 ol

Biosensor o o]§-=t 7| =

Arbdel gl

transducer &}
] o]
biosensor ¢ g%el ulel transducer & 7% s}
ojo} glrt (Table 4),

3-4. 2|€} Transducer

AEabgel o Udofibe exEE 47H

Al 2 H3be: 4+ ¢l thermistor & calor-

# transducer ¥ A&



32 Biosensor 2| 2|2t 8
Table 4. Biosensor o ©¢|&5<= 3 Transducer % %7 Transducer & ¥]i,
£ % Transducer A 7] Transducer
7)Aok A ARl A7) ALR gl Hale] g A7 AL
=44 =4 Bk
gH7goll o7l 704 Algel A 9 ol o3t 744 A7) ZH4
A Alefel b Aol whg A7 Eebd
7154 WA g)ato] ohE ELE A gof o] & sls o 3 2L
74 27k A
Table 5. Biosensor oll o] &%t~ & 4%
714 a4 Mediator Electrode
EA-RA glucose oxidase TFaole pH A=
A4 Ak AHF
85l 250l Bo| HF
o[ Abgh4-4 E =
ferrocene Bt4 AT
s urease ol pH A=
FE e} dE ol A=
o] AbstelA o|Abstet4 HF
Penicillin penicillinase Aol pH A=
Acetylcholine acetylcholine esterase FAolg pH A=
Glutamate glutamate decarboxylase  o]AFs}el4 ojA}s}lEl A A=
L-amino acid oxidase otz o} gFrUol HF
ferrocene El4 A5
Uric acid oxidase ol 4t 3fEl £ ojAb3lEL A A=
Ab4 Ak A=
Oxalate decarboxylase ojAls}lel £ o|AbZrELA A F
Alcohol oxidase dehydrogenase A4 NADH At A= A A S
Lactate dehydrogenase ferrocyanide g A=
imetre 5% biosensor € % transducer & °|-& He A Bodee SAo @gdls Faolo),
& 4 9levt sensitivity 7F i Basie] slAo) Biosensor & “l%5% enzyme electrode 24-¢
B4 Al&lo] wie} Alztsolomd Hajbxl abedsbE ofdie]  bio-
Aaadel Av|Aee Ha]g| A ghA o) sensor 5°| E4 % 0|24 7E-o]ct(Table 5).
(piezoelecric) 5 Fwaty 5425 biosensor 4-1. MY Transducer & OlBsl= 24 &H
of o]-&& 4 9lo} 9 transducer 9 22 o] Biosensor
2 53k ol g Alelsly] AEAlo] gir Hel transducer ¥ F40l 5 o] &8 Ad
Hog FAHse *Z(ionselective electrode,
4, 828 O|E35}= Biosensor ISE)3} o] o] Akl At 4ulel g%
Stk A4S o)fell: AFS wios wwo

2z]

Agj”'é_'a

Foll 4] 4o

Fig, 3ol ol 4]3lalc},
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wz ISEo| &4£5 A7 =8 gy 2
HAE F4E cellophane 2o g
oJ7]of o] &3l EiE FAutE E3E
2 AFa FAT Atelo]

#]-2} (Fig, 3a).
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Table 6. Typical electrodes and their characteristics

$Ue ¢ A5
44 39 axsse Al

Aoz wo| ¥AHY,

thes} o] of A1jehas}

\_

(o]
=

urease ol 2J3)
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= =+ (Fig, 3b),
7] faf

oz ¥ajge,

Immobili-

Ammount of Range

Type Enzyme Sensor zation® Stability Response time enzyme (U) (mol/l)?
1. Urea Urease Cation Physical 3 weeks 30 s-1 min 25 102-5x 105
(EC 3.5.1.5) Cation Physical 2 weeks 1-2 min 75 102-104
Cation Chemical >4 mounths 1-2 min 10 102104
pH Physical 3 weeks  5-10 min 100 5x103-5x105
Gas (NHg)  Chemical 4 mounths  2-4 min 10 5x102-5x 108
Gas (NHg)  Chemical 20 days 1-4 min 0.5 102-104
Gas (CO3)  Physical 3 weeks 1-2 min 25 102 - 104
2. Glucose Glucose oxidase pH Soluble 1 weeks 5-10 min 100 -103
Chemical >1 mounth  2-8 min 10 103104
3. L-Amino acids  L-AA oxidase Cation Physical 2 weeks 1-2 min 10 102104
(general)d (EC 1.43.2) NH, Chemical >1 mounth 1-8 min 10 102-104
Chemical  >1 mounth  1-3 min 10 103104
L-Tyrosine L-Tyrosine Gas (CO;)  Physical 3 weeks 1-2 min 25 101 - 104
decarboxylase
(EC 1.1.35)
L-Glutamine Glutaminase Cation Soluble 2 days® 1 min 50 101 - 104
(EC 3.5.1.2)
L-Glutamic acid Glutamate Cation Solubie 2 days/ 1 min 50 -104
dehydrogenase
(EC 1.4.1.3)
L-Asperagine Asparaginase Cation Physical 1 mounth 1 min 50 102-5x10%
(EC 35.1.1)
4. D-Amino acids  D-AA oxidase Cation Physical 1 mounth 1 min 50 102-5x 105
{general)® (EC 1.4.3.3)
5. Penicillin Penicilinase pH Physical 1-2 weeks  0.5-2 min 400 102-104
(EC 3.5.2.6) Soluble 3 weeks 2 min 1000 102104
6. Amygdalin -Glucosidase CN Physical 3 days 10-20 min 100 102105
(EC 3.2.1.21)
7. Nitrate Nitrate reductase/ NH, Soluble 1 days 2-3 min 10 102104
nitrite reductase
(EC
1.9.6.1/1.6.6.4)
8. Nitrite Nitrate reductase Gas (NHg)  Chemical 3-4 2-3 min 10 5x102-104
(EC 1.6.6.4) mounths

@Physical, refers to polyacrylamide gel entrapment in all cases; “chemical’’ is attachment chemically to polyaery-
acrylic acid, or to acrylamide, followed by physical entrapment.
bAnalytically useful range, either linear or with reasonable change it curvature is observed.
¢Prepartion lacks stability as evidence by constant deerease in signal each.
Electrode responds to L-cysteine, L-lencine, L-tyrosiine, L-trytophan, L-phenylalanine, and L-methionine.
¢Electrode responds to D-phenylalanine, D-alanine, D-valine, D-methionine, D-lencine, D-notlencine, and D-isolencine.
/Time required for signal to return to base line before reuse.
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(NH,),CO+H,0=C0O,+2NH,
A7) kAol A Bk ulob o] 84 AL T4
A5E wteed ohmo}, o]4dwls £ pH
AL o] 8% 4 AUrt, ofd AFE AHgste A
ske] Wi3tE FFEAN vlasle] Az

pidl:
2
bt
o

a8 b4l FAol MR A7k A
wat mael 2% ol o) 28
vebstol (Table 6),

4-2. HF Transducer & 0|25l ZZHE
Biosensor

dFred ¥5 e guy 5 ooy Aue A
Sl ol 5Tk, ety AAAG AN A Bl
e $4 39 s Zecdeld, Tea
+4oll&= glucose oxidase(GOD-FAD)7} o]&
Hrh, GOD-FAD+ o83} 722 uiRoz ¥%
e A,

glucose+GOD+FAD——

gluconolactone+GOD-FADH,

GOD-FADH,+0, — GOD-FAD+H,0,

HA Bo] AHESE E4E o] fels Lrrle
Al o7]A AblEE Fabskerdel o3
3}5]+= dianisidine 5 AWA4AE o] £33l w4y
o},

F=dof o3 3 54 (GOD-FADH, )22
Bl A2 Alcg A7)z gm H2eg a2y
AdAA|71 AF transducer & uFs £ glel,

GOD-FADH,——GOD-FAD+2e-+2H*
Glucose oxidase &2} FolM FAAH AAE Fx
e FEol FADE Az sjedgly] wlfof
A5 AE3E + oivh, #e 7% FADS A=
Abel 5 AZsbr] fls ol FAAADH A media-
tor & o|-&3}, Mediator = 345 F4 22
A dhol gelz

GOD-FADH,+2M— GOD-FAD+2M/+2H+*
#% mediator & =5 AFol Anksiu g o}
Al AbstEl e},

2M/———2M+2e-

(o3

A
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-
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o

CH,
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NC: C (\CN NZ
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Fig. 7. Structures of Tetracyano-p-quinodimethane
(TCNQ) and N-methylohenaiunium (MNP).

Mediator & & 49 3 Aol mAseld A}
&3717F defsb, 13] o)A AREE £ YU W)
ol Aol 2 ARSI BaR FollA A4
b OAE AHEE 4 Utk Fig 5ollAl £ fer-
rocene & TTFr} 7p3 dubdoz olgsle
mediator Eo|vt, AF}FEHIURS-S FA%E tran-
sducer o] o]£=+ mediator + &3} 7 A
g 7pA o} det,

1) Ay ors d9ds Fdol g A3lee] &
ofof ghr},

2) Arshsel o] 7}od = o]ofof g},

3) AP & d9ld Aol x kAol
Folof &},

4) 38d" Aelold ARoL Adrg o] F3kx] o
ofof ge},

5 AlE, & Soll o]&57] fal S4¢] glo]
of gict,

HE 4 Foll Y ALz L 2 A
A5 g v Aol AE Y Ao
2A]l 7,7,8,8 tetracyano-p-quinodimethane
(TCNQ)®t N-methylphenazinium (NMP) =
< A7|HE o] wrh ol fel Bl EAS 2
HEAAA HForw Algels] asgde Ay
AAE e 4 7] dEel mediator $lolx
transducer 2 ©]€-% 4 gt} (Fig, 7). LA
9] TCNQ ¢ NMP & &&sled 18k(103F psi)
o2 AYsled s a1 7IH 4% trans-
ducer & o]&% 4- 9/}, Lactate dehydrogen-
ase, glucose oxidase, peroxidase, xanthine
peroxidase 5°] TCNQ %} NMP A% o|¢&
o mediator ¥ AT "2} gicl,

A transducer & °]4% w ARz At
transducer Bt} Fol 1% ooy, F o] o}
442 oE transducer o412} o] mAs} wiwd
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a4 Ao A4 Foll w2

4-3., # Transducer ® O|E8tc ZZHE
Biosensor

HAEZ o83l & ¥4Je] spectrophoto-
metre & o] &3tE wWoz sbgsle] Heo] of
457 glot ubsgolud whAlwbg-g I trans-
ducer 2 o] &d2E AT+ vlmA FHTol Al=ts
gy, =z o) # transducer o 7} A
transducer .o} 8-3t5}7] wiFoict, A2 FAF
9} laser 3¢ w3kl I transducer o THE
7} ©+2 transducer 2t} 57| wifol F trans-
ducer o] Aol B d77h A=z ek,

HNEHa e luciferase system-g ©| &3
ATP Azkge a okezl Apilolct, olF ATP
=¢] 24% bjosensor o4 % transducer & %
H2 o| &b whio] Aabsigl o luciferase &
o}l luciferin & oxyluciferin % luciferin &2 3t
A7 system & Zo| nAstsfof 17| wiell
ATP % u]&3led creatine phosphate 59 573
gozut od7st AYslz 9let, Luciferase &
o] g3te] Al Arhol| o] &= creatine pho-
sphate 5 &4 5h= biosensor+ femtomole (10~
mole HA7HA| FAE + Y& A= =}
=& Aoz ¥uEYr}

AEa)|e] luciferase Brhe & A=A ¢
gkot Aol 2g w32 NAD(P)H 22
FADH, o] 2l3qbs "o 37| wfol
NAD & =842 ol&shs a4 71 AL
biosensor & el AlFe W3E o2& 4 A
2w, glucose dehydrogenase & ©|-&3l= %
4 272 biosensor © A@AA MU=
A fFds o]-&3+ # transducer E£3¥ U=
7} o}l Lx ek3 malate ¥ picomole, NADH
9} TNT £ femtomole, testosterone-2 nano-
mole 5H174A] ZA o] 73,

Glucose dehydrogenase ¥+ ©}2-3t Zo] Ex
tio] 2t23}e] NADE NADH 2 34A]7]},

glucose+ NAD —> gluconolactone+ NADH

o714 3=l NADH & Z5 ko] oo vles}
w, NADH ¢ =& AT L3ANA 2o 27]

E AA3IDE o] # transducer £ °] &Y &
et
NADH——>NAD-light

5. Z X8 O|23|lc= Biosensor

7R A F4E o| &3+ biosensor +
AA"D BLF o &3] wiEel] Solio]
ok Aol wta kel vl Aol g}, &4l
£ kA o] 2] wife] wEFY AFH A
T3 Zro] Azl ok AME H8E B
ol o]gol Erlsdleh, FAAlAMY ol
3 AAE dstslrl Hal A FAHE
transducer ol ©|-&3l= whilo] qdFE glod,
BOD, stzuo}l 5 37 AEE Ao}, Tx,
fermentable sugar,

Q
T B\}

2 xR

acetate, ethanol, for-
mate, methane, glutamate, cephalosporin %
W il 71Aev A2 A5 biosensor
7b A= iAo A= %k (Table 7).

TAAME Bl vlsl o 22 A
o] Sk,

1) FAA (stability) o] &},

2) 3 AAY mlAEe] el dEA e
o, 474 7% F 3

3) Transducer ol ©|-&3}= Hl-g-ol
i E shie] v o] &8 4 gl

4) BxAH HAY Yo} Yok,

o]Ake] A E-o] biosensor o4 xHAe] H 4
At

D BgAq Hrpke-g z2e FAle A9l
ok,

2) &A3 3180 Ha3 Azke] A

3) TAE Aol v A FAo} sloz
aysie} FEFAA Bl Foirt Qs

o144

et

¢ 4 gen} FAAAE ATAE 082 4 ¢

ot

Bhod Ak Aol mABEE A A £x7 F
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Table 7. Characteristics of micro-organism based sensors

Sensor Immoblized Micro-organisms Device Response time (min) Range (mg dm-3)
Assimilable sugars  Brevibacterium lactofermentum, 0y-probe 10 10-200
Glucose Pseudomonas fluorescens Oy-probe 10 2-2x10
Acetic acid Trichosporon brassicae O,-probe 10 3-60
Ethanol Trichosporon brassicae Oy-probe 10 2-25
Methanol Unidentified bacteria 0,-probe 10 5-2x10
Formic acid Citrobacter freundii fuel cell 30 10-108
Methane Methylomonas flagellata O,-probe 2 0-6.626
Glutamic acid Escherichia coli COq-probe 5 8-800
Cephalosporin Citrobacter freundii pH electrode 10 102-5x 102
BOD Trichosporon cutaneum O,-probe 15 3-60

Lysine Escherichia coli CO,-probe 5 10-102
Ammonia Nittrifying bacteria O,-probe 10 0.05-1
Nitrogen dioxide Nittrifying bacteria 0y-probe 3 0.51-255¢
Nystatin Saccharomyces cerevisioe O,-probe 1(h) 0.5-54¢
Nicotinic acid Lactobacillus arabinosis pH electrode 1(h) 10-5-5
Vitamin B, Lactobacillus fermenti fuel cell 6(h) 10-3-10-2
Cell population - fuel cell 15 108 - 109
Mutagen Bagcillus subtilis Rec O,-probe 1(h) 1.6-2.8x103

@ mmol, ® ppm, ¢ Units cm-3, ¢ Number em-3

A& AT UE + U (Fig. 8).
C5H1205+602 > 6C02+6H20

6. =X SHE I Transducer

T fu
2
EY)
£

o] Y5
A L2 FE3,

olde Eaph wols }oﬂ FRAL] Helz
°] biosensor & #zh&

A4el 2oz 4|

1 2.4 HHZM] E“—Jﬂ"i 2-3% Fof 1}
2}9) -,—i A g}, Luc1ferm system

A= Fd4deiel 22} (spore) ot
A 5 FHAEHT

¢ YT + Uk o

o“ﬂi«] % adenylate o Bﬂf& ATP 9] v]g-&

Fig. 8. Construction of Whole Cell Glucose Sensor Us-
ing Oxygen Electrode and Ps. fluorescens Cell.
a, silver anode; b, platinum cathode; ¢, d, ring;
e, electrolyte gel; f, teflon membrane g,
microbial cell on nylon net; h, cellophane.

YEhH = adenylate energy charge(EC)7} 0.5
-0.8 olZeolzbe A& Aclsld Az Fo ATP
£ FAsk= duE 8319k, Luciferase
system & $-23l1 F4

g A7k olulE Sy o)
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da Foll A Agste TA9 G2 &4
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Fig. 9. Principle of Enzyme Linked Immunoassay
(ELISA).
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gl 4471 AF transducer,
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At transducer,

5) 53 ol2H T3} o] o] &g BAIAY 4
Ste Aot A% dAE olfde AY
transducer,

45 943 #A4EF o)238= transducer 9
)= enzyme linked immunoassay (ELISA)
W At (Fig, 9), AleS Ak 548
catalase, 44|35}l £42 glucose oxidase, oF
Zjobs A 4lsl= urease, asparginase, adenine
deaminase -5-°] WS o]-L3lE biosensor ol
o] &3 i},

A& iAol 7] wiFoll H2} atoll charge ¥
Fto] B, 8o 288 o) charge ® ¥
of d3E WA Hog o]F Arsletres A
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Dispstick or solid phase chemistry or disposable biosensors

Doctor’s office |
and clinical testing

Market Single assay, automated or manual instruments
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Fig. 10. Trends in Clinical Analysis.
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8. Biosensor 2| #&

-1. 2|28
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2271719 Aol 8= gleh, olEjd 777}
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Hi Fag vA e oaht gl Aol A
4% 4 9 2 o= AxHnt(Fig 10).

A el BE TR BaFe] olgd
3 gleH(Table 9). °l &a¥el W82 At
& transducer 22 % transducero] o|&%

Table 8. Enzymes Used Clinical Analyses.
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Compound Analysed

Enzymes

Characteristics for Detection

Glucose

Cholesterol
Triglyceride

Phospholipid
Urea
Ammonia
Urate
Creatinine
Pyruvate
Lactate

Citrate

Fatty acid

Ammino acid
Phosphate
Clolinesterase
glutamic-pyruvic
transaminase (GPT)

glutamic-OAA
transaminase (GOT)

glucose oxidase

hexokinase + glucose-6-ph dehydrogenase
glucose dehydrogenase

cholesterol oxidase

lipase + glycerol dehydrogenase
lipase + glycerol kinase

phospholipase C +alkaline phosphatase
urease

glutamate dehydrogenase

urate oxidase

creatinine deiminase

lactate dehydrogenase

lactate dehydrogenase

lactate oxidase

citrate lyase + malate dehydrogenase
acyl-Co A synthase +acyl-Co A oxidase
L-amino acid oxidase

pyruvate oxidase

choline oxidase

lactate dehydrogenase

malate dehydrogenase

hydrogen peroxide
NAD(P)H
NAD(P)H
hydrogen peroxide
NADH

ATP

phosphate
ammonia
NAD(P)H
hydrogen peroxide
ammonia

NADH

NADH

hydrogen peroxide
NADH

hydrogen peroxide
hydrogen peroxide
hydrogen peroxide
hydrogen peroxide

NADH

NADH
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-3, WEEY
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