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Abstract

2,6-Dichloroindophenol (DCIP) is shown to be utilised efficiently as electron acceptor replacing dioxygen in the reabtigonafpsis
variabilis p-amino acid oxidase (TvDAO) with-methionine as the substrate. The specificity constant for DCIP reductiorr &ti8®ne-
twelfth that of oxygen conversion into hydrogen peroxide. Time course analysis of simultaneous consumption of DCIP and dioxygen, recorded
on-line by absorption and non-invasive fluorescence quenching, respectively, pinpoints the preferential utilisation of dioxygen; and reveals
a maximum DCIP conversion rate that is independent of the initial concentration of dioxygen. A robust direct assay of TvDAQO activity has
been developed that does not require anaerobic reaction conditions. It was down-scaled to microtitre plate format and overcomes practical
limitations of other assays due to the low affinity of TvDAO for dioxyg#, & 0.7 mmol 1),
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the successful implementation of a flavoenzyme into an
industrial process.

The flavoenzymep-amino oxidase (DAQO) catalyses the TvDAO is a relatively stable enzyme considering the
oxidative deamination af-amino acids to the corresponding high concentration of peroxide it is exposed to during the
a-keto acids, coupled to the reduction of dioxygen 0 deamination of cephalosporin [Z]. However, a small loss
[1]. DAO is absolutely specific for convertingconfigured of enzyme activity inevitably occurs in connection with
a-amino acids but tolerates a wide range of structural substrate turnover under the operational conditions. Though
variations of the side chain. Important applications for DAO the reliable detection of any small changes in activity is
in biotechnology are biocatalytic synthef2s-4], resolution crucial to process control, current assays for TvDAO activity
of racemic mixtures of amino acid§], and analyticq6]. which require dioxygen as a co-substrate have a number of
The enzyme from the yeastigonopsis variabilishas been  clear shortcomings irrespective of whether they are direct
employed commercially to produce 7-aminocephalosporanic [9-11] or use a coupled reaction for detectid2—14] The
acid — a precursor of semisynthetic cephalosporin antibiotics apparent affinity of TvDAO for dioxygen is low, and the
—onamultiton-per-year production scfde8], exemplifying reportedK, value of approximately 0.7 mmolt! [15] (for

TvDAO from strainT. variabilis CBS 4095) corresponds to
the maximum solubility of oxygen at 2% and atmospheric
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measurement of the enzyme activity is very sensitive to even2.2. Screening of artificial electron acceptors
small variations in the initial level of oxygen which in turn
are very difficult to avoid in practice. Oxygen-dependent  Activity of TvDAO was screened against a series of
assays for TvDAO activity are therefore not well suited for mixed-ligand complexes of iron(lll) and acetylacetonate as
use in high-throughput procedures and might show poor the electron acceptor in the presence of 1,10-phenanthroline
reproducibility along with a high statistical error. [22]. After reduction of iron(lll), the evolving iron(ll) binds

In the present study, we sought for alternative electron to 1,10-phenanthroline, resulting in a red coloured com-
acceptors that replace oxygen in the reaction catalysed byplex which can be spectrophotometrically determined at
TvDAO; and whose conversion can be monitored spec- 510 nm. Additionally, fluorinated derivatives of acetylace-
trophotometrically, thus allowing a direct detection of the tonate, namely 1,1,1-trifluor-2,4-pentanedione (TPD) and
activity. Prior studies of other oxidoreductag&6—21]that 1,1,1,5,5,5-hexafluor-2,4-pentanedione (HPD) which show
are related to TvDAO by the dependence of their activity on a lower chelating effect towards ird@3] have been tested.
a riboflavin cofactor suggested that 2,6-dichloroindophenol The substrate solutions containedlanine (100 mmol L1),
(DCIP) or chelated iron(l1l) might be candidate co-substrates iron(lll)-acetylacetonate (0.5 mmolt) or the iron(lll)
of TVDAO, representing classes of two- and one-electron complexes of TPD or HPD (0.5 mmotil each), and 1,10-
acceptors, respectively. We report here reactions of TvDAO phenanthroline (4 mmolt!) dissolved in a 100 mmolt!
with DCIP and iron(lll) complexes during the oxidative potassium phosphate buffer, pH 8.0. The reaction was ini-
deamination ofp-methionine. The enzymatic reduction tiated by the addition of a suitable amount of TvDAO, and
of DCIP was characterised kinetically through detailed the rate of complex formation was monitored by the increase
analysis of initial rates and reaction time courses recordedin absorption at 510 nm using a DU800 UV-VIS spectropho-
at different levels of dissolved oxygen. We describe a novel tometer (Beckman-Coulter, Inc., Fullerton, CA, USA). Mea-
oxygen-independent assay of the enzyme activity that doessurements were performed at3D.
not require anaerobic conditions and is expected to be useful
in practice due to its robustness and good reproducibil- 2.3. Initial rates and activity measurements using DCIP
ity. In addition, the results provide some novel insights as co-substrate of TvDAO
into the reaction of TvDAO with non-natural electron
acceptors. The enzymatic rates were determined using a spec-

trophotometric assay at 3€. The substrate solutions con-
tained p-methionine (20mmolt1) and DCIP dissolved

2. Material and methods in a 100mmol -1 potassium phosphate buffer, pH 8.0.
Quartz cuvettes with a Teflon stopper were used. Depend-
2.1. Enzyme preparation ing on the DCIP concentration which varied between 0.1

and 1.0 mmol L1, the pathlength of the cuvette was varied

A technical-grade preparation of TvDAO (from strain between 0.1 and 1.0cm such that the initial absorption at
T. variabilis ATCC10679) was kindly provided by Sandoz 600 nm did not exceed a value of 2.5 (corresponding to the
GmbH (Kundl, Austria). Buffer exchange to a 100 mmaofL linear range of the spectrophotometers used). The cuvette
potassium phosphate buffer, pH 8.0, was achieved throughcontaining the reaction mixture was aerated with nitrogen
repeated cycles of concentration and dilution to origi- (99.999 pure) or oxygen (99.995 pure) for at least 5min to
nal volume using Vivaspin 15 ultrafiltration concentrator achieve depletion or saturation in dissolved oxygen, respec-
tubes (Vivascience AG, Hannover, Germany) with a molec- tively. The reaction was initiated by the addition of a suit-
ular mass cut-off of 10kDa. The enzyme solution was able amount of TvDAO, and the rate of DCIP reduction was
aliquoted and stored at25°C. It had a specific activity =~ monitored by the decrease in absorption at 600 nm using a
of 41unitsmg?! (£8; N=15). The activity was recorded DUS800 UV-VIS spectrophotometer (Beckman-Coulter, Inc.,
at 30°C by using a continuous coupled enzymatic as- Fullerton, CA, USA) or a Spectronic Genesys 5 photometer
say that is reported elsewhej®4] and based on the lac- (Milton Roy Company, Rochester, NY, USA). The absorp-
tate dehydrogenase-catalysed NADH-dependent reduction otion coefficient of DCIP under the conditions was determined
pyruvate that is produced through oxidation mflanine to be 20,000 L mot! cm~1. The enzymatic consumption of
by TvDAO. Enzyme activity is thus monitored by mea- oxygen under conditions in which DCIP and oxygen were
suring the decrease in NADH absorption at 340 nm. Rou- present at a time was determined using a fibre-optic oxy-
tinely, air-saturated buffer solutions containing 50 mmotL  gen microoptode (NTH-L2.5-NS(40 1.20 mm)-TS-COB2-
p-alanine and 21f.gmL~1 NADH were employed, and a  YOP, Microx TX3-AOT, PreSens GmbH, Regensburg, Ger-
concentration of 21gmL~?! lactate dehydrogenase from many) which was placed directly into the quartz cuvette
hog muscle (Roche Diagnostics, Mannheim, Germany) wasthrough the Teflon stopper. Calibration of the electrode was
used. Protein concentration was determined using the Bio-performed according to instructions of the supplier. The time
Rad Protein Assay (Cat. Nr. 500-0006) and BSA as the courses of conversion of oxygen and DCIP were recorded
reference. simultaneously. Graphical differentiationn{ime =0.2 min)
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of the resultant progress curves was used to calculate slopeand 300 rpm. As a reference, the solution of TvDAO without
values AC/At, whereC is the reactant concentration) at the additive was used. Samples (d0) were taken at different
different levels of electron acceptor. The slope provides a times up to 8 h, diluted with potassium phosphate buffer and
rough estimate of the apparent reaction rate under the conimmediately added to the enzyme assay. The residual activity
ditions. It should not be compromised with a true initial rate of TvDAO was measured with the micro-plate spectropho-

whose determination is described below. tometer as described above. The influence on TvDAO ther-
mal stability of hydrogen peroxide (3.3 mmott) as well as

2.4. Determination of kinetic parameters for the of common stabilisers of proteins was investigated: bovine

reaction with oxygen serum albumin (20 mgmtl), flavin adenine dinucleotide

(FAD, 130umol L~1), 2-mercaptoethanol (5¢0mol L),
Initial rates of oxygen consumption were measured at trehalose (450 mmolt!) and glycerol (1.5%, v/v).
30°C in a 4.5mL glass vial that was sealed with a septum
and contained a solution oémethionine (20 mmol t1) in
potassium phosphate buffer (100 mmol™l_pH 8.0). Mix- 3. Results and discussion
ing was achieved with a magnetic stirrer. Apparent oxygen
concentrations between 0.05 and 1 mmothwere adjusted 3.1, Alternative electron acceptors of the reaction
by mixing suitable amounts of phosphate buffers which were catalysed by TvDAO
aerated with nitrogen or oxygen, respectively. The oxygen
microoptode was penetrated through the septum, and the re-  Earlier studies ob-amino acid oxidase from hog kidney
action was initiated by addition of a suitable amount of Tv- have shown that this enzyme reduces a range of artificial
DAO using a Hamilton syringe. The time course of oxygen electron acceptors replacing oxygen, among them phenazine
consumption was recorded, and initial rates were calculatedmethosulfate, DCIP and ferricyani@@4]. During an initial

from linear plots of apparent [fpversus time. screening we found that TvDAQ also accepts these previously
reported co-substrates (data not shown) and has particularly

2.5. Reaction of TvDAO under fully anaerobic good activity with DCIP (see later). TvDAO reduces iron(lll)

conditions in a series of metal-ligand complexes including acetylaceto-

nate and fluorinated derivatives thereof, the activities of the
The substrate solution (2mL) containimgmethionine  fluorinated derivatives being about one order of magnitude

(20mmol L") and DCIP (0.15mmolL!) in potassium  |owerthan that of acetylacetonate. The characterisation of the
phosphate buffer (100 mmort, pH 8.0) was aerated with  enzymatic reactions with DCIP and iron(l1)-acetylacetonate
nitrogen (99.999 pure) 5.0 for at least 5min. Then, it was revealed that there is a linear relationship between the ob-
placed in an anaerobic quartz cuvette with a reservoir con- served spectrophotometric rates in each assay and the protein
taining a suitable amount of TvDAO. After repeated cycles of concentrationKig. 1). However, in comparison with DCIP,
evacuation and flushing with nitrogen, the enzymatic reaction the Fé*-linked activity of TvDAO is very low.Fig. 1 also
was initiated by mixing the content of the cuvette, and the rate indicates that a Fé-based assay tends to overestimate Tv-
of DCIP reduction was monitored spectrophotometrically.  DAO activity in the low protein concentration range, in con-

trast to a DCIP-based assay. This result arguably indicates
2.6. DCIP-based assay for TvDAO in microtitre plates kinetic complexity in the steps from the enzymatic reduction

Measurements were carried out with a SPECTRAmMax

PLUS 384 micro-plate spectrophotometer (Molecular De- °'°14; :3'50
vices, Sunnyvale, CA, USA). One hundred microliter aliquots ~ 0.012 ] : F3.00
of an appropriately diluted TVvDAO solution were trans- 0010 1 5250 _
ferred into a 96-well microtitre plate. After addition of = = | /; -
100u.L of assay mixture containing 3g0mol L~ DCIP and 2 0.008 1 F200 §
40 mmol L1 p-methionine in phosphate buffer, pH 8.0, the 'f 0,006 | ‘ ° F s é
decrease of absorption was measured at 600 nm ah@.30 ig‘ ' ] P ‘ %‘
All measurements were performed in duplicate. 0.004 4 s £ 1.00

0.002 4 r 0.50
2.7. Inactivation studies and effects of additives on 1 7
stability A A A A S

0 100 200 300 400 500 600 700
Cpror, Hg'mL™

Enzyme solutions (1.5mL) containing a@nol L~ Tv-
DAO and one of the additives listed below in 100 mmofL Fig. 1. Linearity of TvDAO reaction with iron(lll) acetylaceto-

potassium phosphate buffer, pH 8.0, were incubated in Ep- nate/phenanthroline and DCIP. Open diamonds: iron(lll) (left axis); open
pendorf vessels, using an Eppendorf thermomixer &C50  squares: DCIP (right axis).
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of iron(lll) to formation of the detectable complex of iron(ll) 3.0 7

and 1,10-phenanthroline. ] anaerobiic
For reasons of sensitivity and practical use, DCIP was se- 25 )KL nitrogen
lected for further experiments. We also considered that others | ' air
have used DCIP previously to characterise oxidoreductases ] N oxygen

that are promiscuous in respect to the terminal electron ac- 1.5 ]
ceptor of their reactiof25,17,26,27,20,28] < ]

3.2. Simultaneous measurements of oxygen and DCIP ] \

0.5
consumption ]
P oo\k
It is not practical to work under strictly anaerobic con- 0 2 4 6 8 10 12
ditions. Therefore, we were interested to determine (1) the time, min

relative timing of consumption of oxygen and DCIP when
p-methionine is converted by TvDAO and both electron ac- Fig. 3. TvDAO—cat_aIysed DCIP_ reduc_ti_o‘n at different initial apparent
ceptors are present at a time; and (2) the effect of dissolved®Y3e" concentrations. Approximate initial apparent oxygen concentra-
. ! . tions are indicated: anaerobic (gfnolL™"), nitrogen (5Qumol L™), air

oxygen on the experimental rate of DCIP reduction. (260.mol L~1), oxygen (110Gumol L—1).

Fig. 2 shows a typical time course of TvDAO-catalysed
conversion of oxygen and DCIP. After addition of the enzyme .
(indicated by the arrow iffig. 2) the apparent concentration  SION rates were not changed within limits #1..7% as the
of oxygen decreases rapidly. DCIP is utilised, however, at a aPParent conce_qtratlon of dissolved oxygen was varied from
slower rate. A linear decrease of the absorption is attained not°€/0W Skmol L™= to approx. 110@umolL™=". This clearly
until oxygen is completely depleted. It has to be pointed out V2lidates the use of DCIP for assaying the enzyme activity
that due to the non-invasive character of detection method,under aerobic conditions.
no oxygen is consumed because of its measurement. The ] )
results indicate a strong preference of TvDAO for reaction 3-3- Time course analysis
with oxygen over reaction with DCIP. ) o

If electron acceptors are reduced by TvDAO in atruly se-  Fi9- 3shows that the extent (expressed as a reaction time)
quential manner, i.e. oxygen before DCIP, the apparent level 0 Which the enzymatic conversion of DCIP lags behind the
of dissolved oxygen in the enzyme assay will hardly influence Ufilisation of oxygen increases with increasing initial con-
the rate of DCIP reduction and hence the measured activity.centration of oxygen. In the likely instance that the two-
DCIP will be utilised by the enzyme only until oxygen has €lectron acceptors compete for the same enzyme active site,
been almost completely reacted. Results illustratefeign 3 the presence of oxygen will inhibit the reaction with DCIP,

are in agreement with this notion: maximum DCIP conver- arguably causing the lag. However, when progress curve
analysis is used to calculate the enzymatic rates at the re-

spective residual concentration of DCIP, a more complicated

3.0 - 600 picture is obtained which is illustrated iRig. 3. The re-
p S sults suggest that the consumption of DCIP occurs in three
25 1 500 phases A-C.

In the phase A, DCIP reduction is inhibited by the

201 00 o presence of oxygen. In the ensuing phases B and C,
815 1 300 E oxygen is completely depleted. Interestingly, therefore,
< = the maximum rate of DCIP consumption is not reached in

200 O phase B but in phase C which is used for the determination

1.0 |
] \ of enzymatic activity. To explain the occurrence of a
0.5 100 phase in which DCIP is converted at an intermediate rate
] \ when no oxygen is present, we examined the influence
0.0 0 C 5 ‘ ' 10 ' ‘ 15 of the HO, level. Both addition of peroxide to an end
time. min concentration of 5mmolt?! or its removal in situ through
' supplemented catalase (1900Um). failed to produce
Fig. 2. Simultaneous measurement of TDAO-catalysed reductions of DCIP Significant changes in the three-phase pattern of DCIP re-
and oxygen. DCIP is indicated as thin line (lgfaxis), oxygen as thick duction fig. 3). Experiments in which the concentration of
line (righty-axis). TvDAO was added after approx. 5min of incubation at H-methionine was varied revealed that the lag-time increased

30°C. The measurement was carried out as described in Seztissing i ; . ;
with increasing levels of substrate; and nearly disappeared
150pumol L=1 DCIP and a pathlength of 1cm. The gap at approx. 5min 9 ’ y PP

is due to the necessary removal of the oxygen sensor during addition of when D—me_t.hlomne_] was limiting Kig. 4A), irrespective of
TVvDAO. the availability of dissolved oxygen. Based on these results
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25 ; 400 1 l r 400
] c 350 1 - 350
20 1 \ b
c ' E ISR 5 F -
€ 5] 30'250: \ £250 "
o / § 200 \ 200 2
[ 1 time 5 \ E
€ 10 g 150 1 \ F150 g
; S ] b O
> 100 ] F 100
5 50 K g 50
A 0 T L 0
0 T¢r———7— T L A 0 5 10 15 20 25
0 20 40 60 80 100 120 140 (A) time. min
Cocip, imol-L™
. . . . 400 r 400
Fig. 4. Michaelis—Menten chart of TvDAO-catalysed DCIP reduction ob- ] F
tained from progress curve analysis. The rate of DCIP reduction corresponds 350 ] \ F 350
tothe slope of the progress curve, calculated from adjacent data points. Phas 300 1 1 ~—
A indicates dissolved apparent oxygen concentrations above zero, during— ] l F 300
phases B and C no oxygen is present. T—:' 250 Jpmer= - r 250 :
£ ] b S
= 200 1 l F 200 g
. . o 3 L
we hypothesise that a non-productive complex of TvDAO, G 150 E 150 o
p-methionine, and DCIP is formed at high substrate con- © 100 ] \ 5100 o
centrations which must regenerate the free enzyme by slow ] \ g
dissociation. 50 F 50
0 — ———— 0
L . . 0 5 10 15
3.4. Stoichiometry of the reaction of TvDAO with DCIP , ,
(B) time, min

DCIP is a known two-electron acceptor in the reactions Fig. 5. TvDAO-catalysed DCIP reduction at limiting concentrations-of
catalysed by different oxidoreductases. Thus, it was expectedmethionine. DCIP is indicated as thin line, oxygen as thick line. The arrow
thatp-methionine and DCIP are converted by TvDAO stoi- indicates the addition of TvDAO to the assay mixture. The measurement
chiometrically. However, there are cases in which DCIP takes &S t‘;]?”ie?hoitoa; descTr:]bed in Sﬁectlbmsing gsq_m?old L-ltD(t:hlp and

. . a pathlength of 0.2 cm. The gap after approx. 6 min is due to the necessary
part in O_ne_eleCtrp_n transfer reactioj@9]. Thus, 2mol of removal of the oxygen sensor during addition of TvDAO: (A) ol L1
DCIP might be utilised by the enzyme per each mol®-0f |, methionine; (B) 285:mol L~ p-methionine.
methionine transformed. Therefore, experiments were car-
ried outin which the total concentration of electron acceptors 3 5. Kinetic parameters for TvDAO-catalysed reduction
(i.e. the apparent levels of oxygen and DCIP) exceeded theof electron acceptors
concentration of the substrate. Under these conditions, DCIP

cannot be completely reduced if it truly functions as a two- Using a constant concentration af-methionine of

electron acceptor. In that case, a constant absorption valueoo mmol L2, initial rates of reduction of oxygen and DCIP
at 600 nm, reflecting the residual DCIP that has not reacted,were recorded at varied concentrations of the respective elec-
will be reached after exhaustive conversiomahethionine. tron acceptor_ The maximum rates of DCIP conversion (|e
Furthermore, an increase in absorption afienethionine phase C irFig. 4) were used. The data shownFig. 6were
has gone to completion might indicate reoxidation fitted to the Michaelis—Menten equation using unweighted
of DCIP. non-linear regression and apparent kinetic paramktgend

Fig. 5A and B shows that the reduction of DCIP is only k... were determined. SDS PAGE of TvDAO and qualitative
pal’tial when the substrate concentration is IImItlng By con- ana|ysis of Coomassie-stained ge|s suggested aminimum pu-

trast, oxygen is depleted completely when §fol L~* rity of >80% for the enzymeRig. 7), justifying the use of
p-methionine is presentF{g. 5A). Residual oxygen is,  turnover numbers.

however, detected at the lower substrate concentration of The values of K, and keg for the reaction with
285umol L~L. Within limits of +5%, the experimental data oxygen were 75%76umolL~! and 229+12s!, re-
clearly reveal a stoichiometric relationship between substratespectively, and yield a specificity constarkea/Km) of

converted and electron acceptor consumed (i.e., oxygen anq303+ 35) x 10° L mol~1s~1. Kinetic parameters for the re-
DCIPreduced). Theresults alsoindicate thatanon-enzymaticaction with DCIP were 182 8 umol L1 and 4.6£0.1s1

reoxidation of DCIP takes place, however, at a rate that is for Ky andkcat, respectively, and give a specificity constant
clearly negligible under the conditions used. of (254 1) x 163L mol~1s~1. Comparison okcafKm val-
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Fig. 8. DCIP inhibits TvDAO-catalysed oxygen consumption. The initial

of the data to the Michaelis—Menten equation. The dotted lines contour the DCIP concentrations are indicated in the chart.

95% confidence level.

ues shows a (124 1.5)-fold higher preference of TvDAO
for reaction with oxygen over reaction with DCIP, fully ex-

plaining the sequential utilisation of the electron acceptors

in a simultaneous conversion experiment {f. 3). Fig. 8
shows that DCIP inhibits the use of oxygen femethionine
oxidation by TvDAO, as expected for the case of two com-
peting co-substrates.

3.6. Scale-down of the DCIP-based assay to microtitre
plate format and its use to analyse TvDAO stability

To demonstrate the applicability of the DCIP-based as-

say for high-throughput screening, we examined the thermal

stability of TvDAO at 50°C and used microtitre plates to

measure the residual enzyme activity in samples taken from

the incubation mixtures. Diffusion of oxygen into microtitre
wells cannot be avoided in practice. Therefore, it was par-

Fig. 7. Analysis by SDS/PAGE of used TvDAO preparation. Coomassie
staining was used for the visualisation of protein bands. Lanes 1 and 6 show
molecular mass standards. Lanes 3, 4, and 5 show different dilutions of
TvDAO: 1.72, 0.86 and 0.43 mg1ll, respectively.

J
T
|

Coz

Fig. 9. DCIP-based assay in the microtitre plate: diffusion of oxygen into
one well. For explanations see text.

ticularly important to characterise the performance of the
oxygen-independent assay under the ‘open’ conditions in
which reoxidation of DCIP could occur and lead to incor-
rect activity values.

For this reason, we performed a rough estimation of the
mass transfer of oxygen which is based on Fick’s law de-
scribing one-dimensional diffusion in the steady state:

J (mmol/s)= D (cn?/s)- A (cn?) - g (wmol/cntcm) (1)

The diffusion coefficienD for oxygen (2.8x 10 °cn?s 1

at 30°C) was obtained by linear extrapolation from
known data[30]. The interface area of the wel was
determined to be 0.35c&mWith the assumption that the
apparent concentration of dissolved oxygen decreases
from a value reflecting air saturation at the surface to
essentially zero at the bottom of the well, we can expect
an oxygen gradienAc of 0.260p.mol cm3 over a distance
Ax of 0.5cm Fig. 9. The flux J of oxygen into the
vial then corresponds to 1.2510°2umolmin~tmL~!
which is — considering the ratio of specificity constants for
DCIP and oxygen — equivalent to an enzyme activity of



C. Trampitsch et al. / Journal of Molecular Catalysis B: Enzymatic 32 (2005) 271-278 277

0.146x 10~3 pmolmin-1mL~1! towards DCIP. This value  assay at a significance lewelof 0.025. All time courses of
represents a maximum and constant amount of additional TVDAO deactivation could be described satisfactorily by as-
activity not detected by the DCIP-based assay. As a conse-Suming double exponential decdyig. 10 and, clearly, did
quence, TvDAO activities down to 0.0@8nol min-1mL~1 not follow pseudo-first order kinetics. The kinetic evidence
are affected by oxygen diffusion less than 5%. would be consistent with a two-step mechanism of denatura-
Results of microtitre plate measurements are depicted intion or it could imply the presence fo-forms with different
Fig. 10A and B. They show the time course of TvDAO activity ~ activities and stabilities.
in the absence and presence of compounds known to stabilise In conclusion, we have characterised the reaction of Tv-
many labile proteins against thermal denaturation. The addi- DAO with DCIP in the absence and presence of oxygen. The
tion of 2-mercaptoethanol and FAD significantly increased results show clearly that the enzymatic conversion of DCIP
the stability of TvDAO whereas BSA, glycerol and, interest- is useful to determine the enzyme activity in a robust as-
ingly, hydrogen peroxide had no detectable effect. The ob- say that does not require oxygen as a co-substrate and is not
served good stability of TvDAO in the presence of hydrogen compromised by the presence thereof in buffer solutions. The
peroxide may warrant further investigation as it could indicate conversion of DCIP could be a practical method to analyse
a stabilising effect of the DCIP. Unexpectediya-trehalose ~ DAO activity and stability in studies that depend on high-
seemed to destabilise the enzyme activity. Suitable controlsthroughput screening capability.
along with statistical data analysis using a two-tailetbst
proved that the additives did not influence the photometric
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