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Reaction rates of o-phenylenediamine to 2,3-diaminophenazine
by soluble and immobilized horseradish peroxidase

Shigeharu MOROOKA**, Takayuki YAMANAKA**, Yoshikazu Y AMASAKI**,
Mikiji SHIGEMATSU**, Shuai GUO*** and Toshihiko IMATO***

Sammary
Reaction of o-phenylenediamine (OPD) to 2,3-diaminophenazine (DAP), catalyzed by horse radish peroxidase (HRP), was studied with

a view to determining H,O, concentration in microchannel-type analytical devices.
20PD + 3H,0, — DAP + 6H,0

DAP was produced quantitatively, and was measured spectrophotometrically after quenching with H,SO,. Iinitial formation rates of
DAP were determined as functions of concentrations of HRP, H,0, and OPD, and reactor flow types. No effects were found for OPD

concentration, and the data were correlated using the Michaelis-Menten equation:

- krcHRPcH202
init KM + cHZOZ
where the concentrations are expressed in mmol L, based on the mixture volume prior to H,SO, quenching, and k, = 2.7x10* min" and

Ky, =0.37 mmol L.

A series of conditions were applied to immobilize HRP on magnetic poly(lactic acid) particles (micromod) of 35 and 103 pum in
diameter. The reactivity of the HRP-immobilized particles was dependent on reaction conditions and repetition of reactions. A
comparison between typical reaction rates for dissolved and immobilized HRPs suggested that the amount of immobilized HRP was of

the order of 10 ng per 1 mg for the 103-um particles.

Key Words : horseradish peroxidase, o-phenylenediamine, 2,3-diaminophenazine, hydrogen peroxide, magnetite, poly(lactic acid),

immobilization, reaction rate
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ffsa 70 & O AERMIEE, A7 &M TRWEIRE T
FIGERET D72, NA A VT 75— F ks
PGS TWD., BHETFEN LA F T F—F
(horseradish peroxidase, HRP) (XX F B LEER TH
0 RFZEBI AN 2N (Veiteh, 2004) . AAFF4E TiE, H,0, T
0- 7 =127 I (o-phenylenediamine, OPD) % [
{bLT23-Y7 3/ 7 =) (23-diaminophenazine,
DAP) ZAKT DRISZ]MY LTS,

20PD + 3H,0, — DAP+ 6H,0 €))
NH,

N NH,
o, XL,
OPD 1 mol (22T H,0, 1.5 mol 2314 % X 41, DAP 0.5
mol 23T 5. HRP BF/E L7224 T % OPD (L2
fbEn 58, HO, NAE ThiiE, DAP XIZIZEEN
W24 % (Liu et al., 2006; Fornera et al., 2010). DAP X
J# T 492 nm (Soh et al., 2002) \ZWRINS & 5 DT, e
PR RS T 5.

Figs & R & TR O REE CRUG S 5 7 UL BUG S+
DFEGEKIE NS T 503, IGRICEER 2 BT 5 2
EWEEL . ZO72, BT OSUGXIEE O
ZbHeb L, EflieEERZ D 5T RER TR,
KL, BEEEANEMEOMMRICE BT D HRT
I, BRE2RE SRV EMMA[RETH D, Poulsen et
al. (2007) 1%, AU 727 VT I MR HRP % [E & (b
L, H,0, L 77 A7 a—/LORJSHE Z#7E L. Qiu
et al. 2010) X, F/ AR—7 AFAFEMIC HRP % [EE{k L
72. Vojinovic et al. (2007) 1%, HRP % ZfLEH 7 Al
B A U CRALER A~ L7z, Cho er al. (1983) X HRP
EHIEN T ACHEELL, ToeA b —2koT
H,0, ¥ 2 R amge L.

K F-Z /NS < THUTERMED IR TP Tt 49 5 FTREME DS HE
T, w7 RXA MR IREZ T LTV DT, #
INGRIFTh > THBIIC L > TERY L DEfTx %
(Dalal et al., 2007; Aguilar-Arteaga et al., 2010). Won et al.
(2010) 1%, Fe,0, #WE L= A Y AR —F AU 772 HRP
ZEEL L, B EICBA L THO, B e LT
H L7, Rossi et al. (2004) [£XKE 5 20 nm @ Fe,0, I
FEAWL, S a—2AFFo A —PEETL L. 2
DRIFIE, Fva—2AkvrHE L T3INAULELET
% - 7z. Saidman et al. (2006) |%, HRP % ¥ —/KIEHIZ
WIiR LTt & REIERLFIZ[EEL L2 e ic>n T, 7
=V U OBRERMEZ I LT, Gao ef al. (2007) X Fe,0,
Wi H 2 HRP & [AtkO#WEL AT 52 & xR,
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Yang et al. (2009) 1%, BRI NVEAICa—T 17
L 72 RPERL 712 HRP % [E &k L, H,0, Dt EiT-7=.

Guoetal (2012) 1%, 7V HFNT = /=T hF T L—
N4H (APnEOs) O#HiiR% Fe,O, & A A U FLESRL 11 [
EL LT, ZOX D ieki ik~ A 7 o ZERICRFF 5 2
EHLAEETH Y (Roman-Gusetu et al., 2009), .07 Tk
%9 % CD BLOFEE (Duffy ef al., 1999; Yamasaki ef al.,
2010) (ICfRFFTAUE, Ry 72 LAV
MT&%.

AHFFETIX, HRP Z AWZpUs (1) 289 5720,
1533 & D 2 DD R D ONTEAT, H—7KEHK
TRIGEEZRET D, BT, v 734 A MEki1%
AU B TEEL LR T2 AWT, 1-=F - (3-¥
AFNT I TaEN) ANKRYA I NERE (EDC)
HDHUVEIN-E Fa 273 2 R (NHS) A0 5
B ESIZ > THRP Z[FEE(Ld 5. HRP EE R+ 0
B B & YR T o0 B BE & Heige LT, HRP DA
PEEEEHER T 5.

2. RESLVEENT

AREBRTHWZERBIELZ L TIRT. Wing 7L

LT AANVTHEN L, WEFATICRT L.

- U UEERREAD (PBS) ; BLAURSRUK A W TR /1S
mol L' (pH 7.0~7.2) (ZFRH L7z, BEMERL T (KU
i) ZIEVET AT AL L% O T v v JALE
WZHWA5E1E, Tween 20 (Sigma-Aldrich) % fA&Ff#
TO1% &R D X oLz,

< N U REEEREETA (tis) 5 AU EUK 2 VTR
mol L (pH 8.0) I[ZFHHLL, 7'rm v 7 Eizo
BTz

« McllvainefZ &z (Mcllvaine) ; 7 = U fE— /K
(CHyO,-H,0) &V v EEZI/KFET MU 7 A12KF0
¥ (Na,HPO,* 12H,0) #MiKAGERUKICIEFEL, 7=
U E—KF#) & N 2 CTpH = 5.5\ 27/ L=,

WUV B XU —E (HRP, FOGHIEE T3,
#3402 kg mol™") ; My KA FFE L CPBSTHAMR L7,
YA D 3A130.05~0.2 mg L, BELETT 9
LAEEICl gL' OmRE Lz,

CEEE bR (H,0,) ;5 7 dh & BLAOR LK CRTE
OPFEIAIR U7, WEEE, SRR R G
(UV-1700, Shimadzu) % AV CTiE254 nm CHIE
L7z

c0-7 ==L P73 (0-CH,(NH,),-2HCI, OPD, #
7 L v MEEIZOPD-2HCIZ 13 mg&Te) ; ¥ 7 Ly
FZPBSTHAMR L, 03~72mmol L'& L7z,

*N-bt Re¥Fvans@Eqf4 IR (CHNO,, NHS) ;
PBS0.10, 0.20 33X 710.40 mol L IZAR L, Rk
Wit RV ABE) OIEHET 27 Iz,

- TN B-TVAFAT I TREN) DRI A
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2 K (CH;;N, - HCI, EDC, Huifkpk) ; PBCT
0.10, 0.4033 X 70.80 mol LUZAIR L, Rtk 1
(R U HEE) DI AT ALIZ V.

- TSRS E AL O REER U FEE kL1 (PLA-Particles,
micromod Partikeltechnologie, ~ 7' &% A ki 1-
LRV A OBEEERIK, &5 Kl —COOH,
KI5 FE131.3 X 10° kg m”, SRIETE T ORI T-IR 1
10 mg mL") ;R 7-oPEREFigure 1WZRd. B2
BT OEHELIE3S pmB L N03 um TH - 72, il
FR ORI T 5 & I TOIABHEN TS <, Yeiiic
L7z,

3. ¥W—KBRIZH T BRIGEE

3.1 DAPEE

pH = 5.5 ® Mcllvaine #% ik & % M3 pH = 7.2 © PBS
B A2 SmL, 0.10mg L' ® HRP Z 10 mL, 0.7 ~ 6
mmol L' ® H,0, % 5 mL, 0.3~0.9 mmol L ® OPD #% 5
mL, W LANLIEICMA. OPD 2z 7zt &%
FOGBIAEIER & L, 60 min %% (2 1.7 mol L @ H,SO, %
2mL N TR a4 Ik S, AR ERE (UV-
1700, Shimadzu) % AW T, ¥ 491 nm TIREKT D
DAP DU A JIE LTz, 723, OPD &Mzt &
DOWNE DO EALIT MR AIGETH ~ 7=, Figure 2 ([ZRA
o> OPD #FE% 0.60 mmol L' & L7z & &, BAHID
H,0, & JE & H,S0, & I % 721 ¢ DAP W Yt FE O 4% &
AT IRERETO H0, KIETEOHEE A 1.5 mmol L 2
ETDE, WHEITIZE-EMEE o7, 2O LT,
H,0, 125> T OPD 2MHE Sk, DAP RARRLTZZ L%
R

Figure 31%, DAP OAKEN OPD D 1/2 THDH &L
THE L7 DAP ) (H,S0, & N 2 7= 1% OEIR O K
FEHE) LU EOMGRERT. AR e 1Tk L
otz

£=3.4 X 10"~3.7 X 10* Lmol" cm’ )

3.2 REZEREAE

HRP OiEMEIXA 5y Aids L ONEfe U CllE L7z,
<[al5y=> KFE 50 mL @Y > 7V, Mcllvaine #&
18 % 5 mL, HRP ¥ & (& £ 0.05~0.2 mg L") 10 mL,
H,0, ¥A1% (4% 0.28 ~ 1. 5mmol L") 5 mL, OPD ¥ (Ji
E1.8~72mmol L") s5mLZJEIC AN, ZD&&
HRP, H,0,, OPD DIRED—D%EZ, 5K ORE4A
—EE LTHER L. REHIKIL 23 ~ 24 CITR B 720
DAY —Z—THA L. OPD IR Z U L 7= el &
SOSBREGIR & U, BT R R#12 1.7 mol L' @ H,SO,
Z2mLIRINL, MISEEIESET. 155172 DAP %
R DWEBETT A YR TRIE L7z,
<#Hi > Figure 4 IZHEMS 2 753, Mcllvaine $% f&f

(3)

100 pm

Figure 1. Magnetic poly(lactic acid) particles (average diameter = 103
um) used for HRP immobilization.
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Figure 2. Relationship between DAP absorbance and H,O,
concentration added in the solution

Reaction conditions; Mcllvaine buffer (pH = 5.5) 5 mL, HRP (0.10
mg L") 10 mL, H,0, 5 mL, OPD (0.60 mmol L") 5 mL, reaction time
= 60 min, quenched with H,SO, (1.7 mol L™) 2 mL.

Open and closed circles shows reproducibility tests by different
experimenters..
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Figure 3. Relationship between absorbance and DAP concentration
in case of Mcllvaine buffer. DAP concentrations were calculated on
basis of volume after addition of H,SO,.
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i (pH=55) % 1, HRP IR (FEFE01mgLl") % 2,
H,0, A% (£ 0.67 mmol L) % 1 OEA TRA (&
1) LTHI A o PIC AT, £7-, OPD
W (BFE 3.6 mmol L) (WK 2) ZBIOH T AM ) v
JICANTZ. VU UR T ERAWT, WIE L SR 2
Z 41 OFigtt (BN EFR CRE) Til, YaAd v
FCEREE, N 1mm, £EX20cm OF7 7 vz 850
ORGSR, HEHIE 1.7 mol L' @ H,S0, & RA (R
HHEESGRERL) L, KGEELESE. Yaaqy
N CEME LI BICRSE Z il 3 2 REf] 2 SO b &
L, WMETHE L. KT 23 ~24CTiTo7-.

728, H,S0, ZRMT 5 2 & TEIEF OK R IR
ENDHA, LUTICEET DAP JIER L OWIH DAP 4= ki
B, H,S0, TN 2 B O vRIE O ARRT L EICHUE L T
W5,

3.3 HRLULUIZEE

Figure 5%, A4 XSI&SIZE VT, Mcllvaine FEE 7
5mL, HRP % (B2 0.10 mg L) 10 mL, H,O, IAE (72
B 1.5mmol L") 5mL, OPD&#E () 3.6 mmolL") 5
mL ZRA L7z L &0, BOGKEM & A2k L7 DAP R ¥
L ORRERT. DAPREIIFFH & &b, <
NTC—EME -T2, 5T, HO, BEE DR~
572012, BA RO H0, WO % 0.29 mmol L7,
0.77 mmol L™ & U CRIGHERRZ1T > 7=/t 4 % Figure 6
2779, DAP JiREE & IRFE 0 BAGR D> & W) DAP Azl id B2
ZEE L, IRARO HO, IWIROBEE L ORRERD S
L Figure 1203505407z,

FOSTEIR DO RFE DB A P~ 5 72912, Mellvaine £
fE{% 1 mL, HRP &K (BEFE0.10mgL") 2mL, H,0, ¥
% (EFE15mmol L") 1 mL, OPDIRIE (J2FE 3.6 mmol
LY I mL ZBE L CRIEEREITo . TORE, &
BEMRFE U ThIUE, MSREROEREITRE LW &
R LT

& 512, Mcllvaine 7% 5 mL, HRP %8 (B 0.050,
0.10, 0.20 mg L") 10 mL, H,O, ¥ #& ( # & 0.59 mmol
L") SmL, OPD &K (##/% 3.6 mmol L") 5 mL % EA
LT, BUSHERD & ARk L7- DAP 2 & O PIfR 2 T,
Figure 8 2RI FEHA457-. Figure 9 X 512, FI#
DAP ZERGEEE 1T HRP O (2 il L7-.

DU, Mcllvaine &% 5 mL, HRP &K (B 0.1
mg L") 10 mL, H0, &% (% 0.35 mmol L") 5 mL,
OPD 1A (JBFE 1.8, 3.6 B L N72mmol L) 5mL %
IRA LT, RUGFEM &R L 72 DAP ORE & O EfR %
7=, Figure 102779 K 912, INx 7= OPD DR
A DAP AR (T B A T S Ao T2,

T, FEOREE 2 BN OGR 2 [ Uiz L a4y
X TER AT o728 25, AR L7- DAP 2
\ZEMN 2o 7= (Figure 11).
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Ll b o EBRIZB W TR S 7= 41 4] DAP 4 BkE
(mmol L min™) 1%, ¥IZ7~7 Michaelis-Menten 202 X -

THEH L7, AW (mmol L) 13 H,S0, ZHIN4 5 il
DIREVRDEFEICTES N TN D,
k
o= KrcHRPCHzoz 3)
v o,

- - )

22, k=27 % 10"min", Ky=037 mmol L' & 72> 7=.
Figure 12127R9 X 512, ¥ DAP A plGHE & o FEHIE
& Equation 3) O HH L7 fEIXIZIE—FK L TV 5.

5

1: HRP+H202 in buffer
solution

g

2: OPD in buffer
solution

Tubular
reactor

Figure 4. Schematic flow diagram of tubular reactor.
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Figure 5. Effect of reaction time on DAP concentration formed.
Reaction conditions; Mcllvaine buffer (pH = 5.5) 5 mL, HRP (0.10
mg L") 10 mL, H,0, (1.5 mmol L) 5 mL, OPD (3.6 mmol L) 5 mL,
quenched with H,SO, (1.7 mol L) 2 mL.

Open and closed circles shows reproducibility tests by different
experimenters.
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Figure 6. Effects of reaction time and H,O, concentration on
concentration of DAP formed.

Reaction conditions; Mcllvaine buffer (pH = 5.5) 5 mL, HRP (0.10
mg L") 10 mL, H,0, 5 mL, OPD (3.6 mmol L") 5 mL, quenched with
H,SO, (1.7 mol L") 2 mL. H,0, concentration in the 5-mL solution
added.  0.29 mmol L', A 0.77 mmol L, m 1.5 mmol L™
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Figure 7. Effect of H,O, concentration added on initial DAP formation
rate.
Reaction conditions are shown in Fig.6.
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Figure 8. Effects of reaction time and HRP concentration on
concentration of DAP formed.

Reaction conditions; Mcllvaine buffer (pH = 5.5) 5 mL, HRP 10 mL,
H,0, (0.59 mmol L) 5 mL, OPD (0.59 mmol L) 5 mL, quenched
with H,SO, (1.7 mol L™") 2 mL. HRP concentration in the 10-mL
solution added. @ 0.050 mg L', A 0.10mgL", m0.20 mg L.
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Figure 9. Effect of HRP concentration added on initial DAP formation
rate.
Reaction conditions are shown in Fig.8.
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Figure 10. Effects of reaction time and OPD concentration on DAP
concentration formed.

Reaction conditions; Mcllvaine buffer (pH = 5.5) 5 mL, HRP 10 mL,
H,0, (0.35 mmol L") 5 mL, OPD 5 mL, quenched with H,SO, (1.7
mol L) 2 mL. OPD concentration in the 5-mL solution added. o 1.8
mmol L, 0 3.6 mmol L', A 7.2 mmol L.
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Figure 11. Comparison of DAP concentrations formed between batch
and continuous flow reactors. @= batch reactor, o = continuous flow
reactor.

Reaction conditions for batch reactor; Mcllvaine buffer (pH = 5.5) 5
mL, HRP (0.1 mg L") 10 mL, H,0, (0.67 mmol L") 5 mL, OPD (3.6
mmol L) 5 mL, quenched with H,SO, (1.7 mol L") 2 mL. Feeds to
continuous reactors were maintained at the same flow rate ratios as
above.

4. HRP MEFEL & kIS4

4.1 BEEESLUVREREDAE

HRP O EE(LIE, Figure 13 1R TIRATE S 2 BEpkyE

TiT-o7=.

IRATE 50 mL o 7RIS, BEMEAR U SLERk T4 5 T
W%V 0.5 mL (Ki -5 mg) ZfLELL, PBS#%
Ek (pH=7.2) T3 [EIWEHF Lz, b oD
W T RD A 2 HTHZ & TR
L7-. FrE&&? NHS, EDC, 8L mg mL’
@ HRP % EE Lo (Z DIRA# % Solution
A LT 5) ERFIRBIRIZMA, 25COMERME
TAERMIEE 5 L, HRP 2@ &L L7, ki
FIX PBS AEfEE (pH = 7.2) T4~ 5[EPE%EL
2%, WRFEMERZ 05 mLIsM L. D\,
HRP O IR R QW AE LT, 7oy Xx
v JVE (Solution B &%) #INx, [HIEAE
HOSCTHTERRIIRE 9 L, REIGOEHET
ATNFEE VR F VIV~ R L, R
PBS (pH=72) T4~ 5[EPE L, [FEEIRT
% 0.5 mL Az THIEFT CRAF LT,

2 BBk - FiE® O NHS B L OVEDC #RA L7-RIK
(Z DIRE W % Solution C &5 2%) # K+ REE
WIZhnz, 25 COMEIRM TRTERFIRE 5 LT
T AT VB S, DV T HRP AR
(Solution D & 9°%) %Ml % T 25°C CHTE R
LS L, HRPZEE( L. S HIC, BA

(6)
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Figure 12. Comparison of initial DAP formation rates between
experiments and correlation.

EERUGETT vy 0 7B, Py ilet %
1To7-.

i 1k HRP O S 1 R4 2 — SO 0 R IC
THIE L7z, K% 50 mL 4> 7UiIZ, HRP % & E
{b L7=ki ¥ 5 mg % &€ PBS #EM7Z 0.5 mL, OPD VA% (I
% 3.6 mmol L) 4 mL, H,0, ¥ (B 5.6 ~ 6.1 mmol
L") 0.5 mL ZMEIC AN, BRI 24CT5 HMIEL 9
L7z, DWT, A CRAMERL % REE L7220 b SRR
AR5 HEEL, 1.7mol L' @ H,S0, % 4.5 mL AN 7=%#s
I8 L CRBE I SE T (ORI, #iko> Table
3DENC2~CI8IZ/RT). AL 7= DAP DI,
B)—HEED & & LRIBRICHEIEERCTRIE L. &
72, HRP [E &Lk 7% AN TIZH U RIEO EERZ 1T -
T, DAPIREZ /3 CER CHIE L, KB ET S
L EDDAP DERENHELGE, BHO DAP K #4
7=. HPR [EELF 2 AW ROnERZBR YIRS & X
1%, BIFIC PBS BEERR AN A CIR VIR E CTHIF L, &
DOt L7z,

ok, M d, ORI EEENMET D L&, P
DOPLFENF ML D 80% FRIE L /e 2 HEH] £, 1Tk TH
X5 (Crank, 1980).

4D,t,/d,* ~0.25 €y

R O RE O EHAEIED, =10"ms* O 4 Th
% . WARRL 1 OYEEAR I & R IR R D 1/10 & 72 LT
10" ms?* & {EL, dpzlxlf‘mkﬁ‘é?:, BB
Y SAEIEN DN R

0.015
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Table 1 Conditions for immobilization. Volume of initial particle suspension = 0.5 mL, including 5 mg of particles.

Conc. of | Volume | Conc. of | Volume | Conc. of | Volume Tlotal
Particle | NHS | of NHS | EDC | of EDC | HRP | of HRP Vsze Time |Volume of| p.
diameter, soln. soln. soln. soln. soln. soln. . or . | period of blocking .
immobi- | . . period of
Case um added, | added, | added, | added, | added, | added, lizati immobi- | soln., mL blockin Key
mol/L mL mol/L mL mg/mL mL 1zation, lization, . &
mL min min
Reactant A Rea};tant
1 103 0.20 4 0 1 4 8.5 30 5 30 O
2 103 0.20 4 0 1 4 8.5 60 5 30 [
3 103 0.20 2 0.8 resv. 2 1 4 8.5 30 5 30 A
4 103 0.20 2 0.8 new 2 1 4 8.5 30 5 30 O
5 103 0.20 1 0.8 new 1 1 2 4.5 60 5 30 ¢
6 103 0.20 2 0 1 2 4.5 60 5 30 A
7 35 0.40 4 0 1 4 8.5 30 4 30 O
6, ~025d } (4D,) ~ 65 ) (a) Mixed reaction
. " . . . NHS, EDC,
%B%%@ﬁmli%( IOSHL@H#Fﬁﬁﬁ)M\ET%é@T, *lL HRP in PBS
IS 7o B AU PBS Solution A PBS
TN OPERARFUTAGE & 72 B 7R, > R
m Rinse Incubate Rinse
4.2 RBEEEEHERIGREORRZR
BAEIC L D EE SO % Table 112779, %
72, Case 1 7>5 Case 7 £ TOSMTHL L7z DAP D Blocking
. — Solution B PBS
FE% Figure 142”7, ———» ——p  Stock
Case 1 Tl, NHS O &4l L CIHMEAL L, [EEk Incubate  Rinse
T30 min & L7z 28, &EOKENAKT Lz R ;
P, P [ wo-step reaction
%, BLF 1L PBS FEE K T 15 min #2 0 IR TUEH L (®) P
7. Case 2 TIE, NHS O M L TIHMEAL L, [EE(k he e o
WEEIE 60 min & L7-. KEIDORISEHNHET L2, kit PBS  goltionC  PBS  Solution D
I% PBS R+ C 30 s iRV {RE TP L7z, Case 113, ’ >
- N . . m Rinse Incubate Rinse Incubate
Case 2 1V & BEEAO FUGKE A3 RO O TIEMED 2> -
7, AW O IGEHITIT - 72 15 min DPEEIZ L - T, Blocking
TEVER R 2 KT L7z, - T, Case 3 LABRIZARIOK PBS Solution B' PBS
Itk OVEFIRE 2 30s & L7z, . > —»> —> Stock
Rinse Incubate Rinse

Case 3 TiF, EPE(LAIE LTNHS & EDC Z#iEA LT
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Figure 13. Immobilization of HRP on magnetic particles.
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Table 2 Conditions for immobilization.
Volume of initial particle suspension = 0.5 mL, including 5 mg of particles.

Volume | Conc. of | Volume | Total Time Volume .
. Conc. of . Conc. of Time .
Particle of NHS | EDC |of EDC | volume | period of HRP . Volume of | Time
. NHS HRP period of R X
diameter, sol. soln. soln. for of soln. | .| blocking | period of
Case added, K X soln., immobi- i Key
pm added, | added, | added, | activa- | activa- added, | ,. . soln., mL | blocking,
mol/L . A mg/mL lization, .
mL mol/L mL tion, mL | tion, mL min min
Reactant C min Reactant D Reactant B
8 103 0.10 2 0.40 2 4.5 15 1.0 4.0 30 4 30 A
9 103 0.40 2 0.40 2 4.5 30 1.0 4.0 30 4 30 &
10 103 0.40 2 0.10 2 4.5 60 1.0 4.0 30 4 30 ||
0.09 cl
O ~N5 -
_ 008 | A
—
(o4 o N
£ 006 | y
g AN
S 005 | °® ° EDC N
- .
s o o cooH/' : \ )j\ HRP
< 0.04 [a) : NH
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5 A 5 v
§ 0.03 [ * * . o /V
0
A~ 0.02 NHS
< oN
A
0.01 o
0.00 I I I I Figure 15. Assumed reaction schemes.
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Figure 14. Effect of repeated reaction runs on concentration of DAP
formed.
Keys are shown in Table 1.
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Figure 16. Effect of repeated reaction runs on concentration of DAP
formed.
Keys are shown in Table 2.
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Table 3 Amount of HRP immobilized on particles. Particle diameter = 103 um.

C1 Item Calculation Value
G2 |Molecular mass of HRP, g mol” 4.0E+04
G3 |Molecular mass of OPD 2HCI, g mol’ 1.8E+02
C4 |Molar absorptivity (base 10), L mmol” cm™ 33.8
C5 |K , in Eq.(3), mmol L' 0.37
G6 |k, in Eq.(3), min” 2.7E+04
C7 |Volume of suspension, mL 0.50
C8 |Mass of particles in suspension, mg 5.0
C9 |Volume of H,0, soln. added, mL 0.50
G10|Conc. of H,0, solution added, mmol L 5.8
C11|Volume of OPD soln. added, mL 4.0
C12|Conc. of OPD soln. added, g L™ 0.65
C13|Conc. of OPD soln. added, mmol L C12*1000/C3 3.6
C14|Total volume of solution, mL C7+C9+Cl11 5.0
C15|Init. conc. of H,0, in reactor, mmol L’ C9*C10/C14 0.58
C16 |Init. conc. of OPD in reactor, mmol L’ CI1*C13/C14 2.9
C17|Volume of H,SO, added, mL 4.5
C18|Total volume after H,SO, addition, mL C14+C17 9.5
C19|Net absorbance of DAP after H,SO, addition 0.7
C20|Conc. of DAP after H,SO, addition, mmol L' C19/C4 0.021
C21|Conc. of DAP before H,SO, addition, mmol L' C18*C20/C14 0.039
C22 Initial DAP formation rate, mmol L' min™' C21/Cl4 0.0079
C23|HRP conc. calculated from Eq.(3) , mmol L (C5+C15)*C22/(C6*C15) |  4.8E-07
C24|Amount of HRP estimated, mmol C14*C23/1000 2.4E-09
C25|Mass of HRP estimated, mg C2*C24 9.6E-05
€26 |Mass of HRP immobilized per 1 mg of partilces, ng C25*1000000/C8 19
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