This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Amperometric Methods for Oxidoreductase Enzymes Based on Liquid

Chromatography with Electrochemical Detection. Alcohol Dehydrogenase
Gregory C. Davis®; Karey L. Holland*; Peter T. Kissinger®
* Chemistry Department, Purdue University, West Lafayette, Indiana

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Davis, Gregory C. , Holland, Karey L. and Kissinger, Peter T.(1979) 'Amperometric Methods for
Oxidoreductase Enzymes Based on Liquid Chromatography with Electrochemical Detection. Alcohol Dehydrogenase’,
Journal of Liquid Chromatography & Related Technologies, 2: 5, 663 — 675

To link to this Article: DOI: 10.1080/01483917908060094
URL: http://dx.doi.org/10.1080/01483917908060094

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917908060094
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 31 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 2(5), 663-675 (1979)

AMPEROMETRIC METHODS FOR OXIDOREDUCTASE ENZYMES
BASED ON LIQUID CHROMATOGRAPHY WITH ELECTRO-
CHEMICAL DETECTION. ALCOHOL DEHYDROGENASE.

Gregory C. Davis, Karey L. Holland, and Peter T. Kissinger
Chemistry Department
Purdue University
West Lafayette, Indiana 47907

ABSTRACT

Nicotinamide adenine dinucleotide (NAD) is an important
cofactor in a number of oxidoreductase enzyme systems. The
detection and quantitation of its reduced form (NADH) is the
basis for a number of methods which determine both substrates
and enzyme activity. Although electrochemical techniques have
shown promise in this area, they have suffered from a lack of
selectivity. Liquid chromatography with electrochemical detec-
tion (LCEC) provides the selectivity and the sensitivity required.
The use of alcohol dehydrogenase (ADH) for blood alcohol detection
is investigated as a model system.

INTRODUCTION

A large number of enzymatic methods have been developed
which employ the use of the cofactor B-nicotinamide adenine di-
nucleotide (NAD) and its reduced form,NADH (1-3). The produc-
tion of NADH has been ﬁsed to determine both the concentration
of gsubstrates and the activity of enzymes. NADH is primarily
quantitated by spectrophotometry or fluorescence. Recently,
Christian, Blaedel, Elving, Olson and others have clearly demon~

strated the potential of electrochemistry in the detection of

enzymatically generated NADH (4,5).
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NADH is electrochemically oxidized in a 2e reaction (Fig-
ure 1) to the parent nucleotide NAD (6,7). Consequently it is
possible to indirectly quantitate the amount of substrate in a
sample by monitoring the NADH oxidation. Amperometric procedures
based on this idea have suffered from a lack of selectivity.

The NADH oxidation current is often superimposed on a significant
background caused by more easily oxidized biological components

(8,9). Electroactive contaminants, such as uric acid or ascorbic
acid, which are contributed from serum, make it difficult, 1if not
impossible, to accurately detect small changes in NADH concentra-

tion using simple amperometry.

The general LCEC approach described here offers a marked
improvement over previous amperometric procedures. By combining
the powerful separating ability of the microparticulate C-18
stationary phase with the selectivity of the electrochemical de-
tector, the problem of detecting small amodnts of NADH in the
presence of high concentrations of other electroactive contami-
nants is eliminated., To illustrate the potential of this approach,
the enzyme alcohol dehydrogenase (EC 1.1.1.1) was chosen as a
model system. A blood-ethanol method is described which utilizes
the following reaction,

+ ADH

CH.CH,OH + NAD -——===—— CH,CHO + NADH + H+ .
372 pH 8.8 3

MATERTALS AND METHODS

Chemicals

Dihydronicotinamide adenine dinucleotide (NADH, Grade III),
nicotinamide adenine dinucleotide (NAD+, Grade III), alcohol
dehydrogenase (ADH, from yeast) and Tris (hydroxymethyl) amino
methane (Trizma Base and Trizma HCl) were obtained from Sigma
€Chemical Co. (St. Louis, MO). Rossville Gold 200 proof ethancl
was purchased from IMC Chemical Group, Inc. (Terre Haute, IN).

Semicarbazide HCl was acquired from Eastman Kodak (Rochester, NY).
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Figure 1. The electrochemical oxidation of NADH.

All other chemicals were reagent grade quality. Doubly distilled

water was used in preparing all solutions.

Reagents

Pyrophosphate buffer, 75 mM, pH 8.8 is prepared by weighing
33.4 g of Na4P207 . 10 HZO’ 8.4 g of semicarbazide HC1 and
1.6 g of glycine into a large beaker and dissolving these solids in
800 mLr of water. The pH is adjusted to 8.8 by slow addition of
3 M NaOH. When the proper pH is attained, the solution is diluted
to 1 liter with water, Pyrophosphate buffer is used because it
complexes heavy metal ions which are known to inactivate the
yeast enzyme (14). When not in use,this solution should be stored

at 5°C to inhibit the growth of microorganisms.

A3 mM NAD+ solution is prepared by dissolving 108.53 mg of
NAD+ in fifty mL of the pyrophosphate buffer solution. This

reagent remains stable for 1 week if stored in a refrigerator.

The alcohol dehydrogenase obtained from Sigma Chemical Co.
had a stated activity of 312 U/mg solid (10). A solution with an
activity of 3.1 U/uUL can be prepared by adding 50 mg of the solid in
5 mL of water. This solution is stable for approximately 6 months
if kept frozen (10). The 5 mL are divided between 3 small vials
s0 as to avoid numerous deleterious freeze-thaw cycles on the same

solution.

A diluent buffer is required since the amount of NADH gen-
erated in the reaction is so large that it is necessary to

dilute the sample before injecting onto the LC. This ensures that
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the amount of NADH is in the linear range of the detector. A 0.1 M pH

8.5 Tris buffer serves this purpose well. It is prepared by
dissolving 0.44 g of Trizma HC]l and 0.872 g of Trizma base in
100 mL of water.

AQ.01 M Hg+2 solution is used in the final step of the
procedure to ensure that the enzyme reaction 1is stopped (see
Results and Discussion section). A 1.0 M solution of HgCl2 is
initially prepared by dissolving 27.15 g of HgC12 in 100 mL of
H20. This stock solution is diluted one hundredfold to get the

0.01 M Hg'Z,

To check the linearity of the detector, NADH standards are
prepared. A stock solution is prepared by weighing out 29.15
mg of the disodium salt (25 mg of the free NADH) into a 50 mL
volumetric flask and dissolving the solid in a 0.1 M pH 8.0
phosphate buffer. A range of concentrations is made by diluting
this stock solution (100 ng/uL) with the appropriate amount of
buffer. The standards range from 15 ng/pL to 0.5 ng/uL, Since a
20 UL injection loop was used, this corresponds to 300 ng to 10 ng
injected. Figure 2 {llustrates the linearity of‘the detector,

These solutions are stable for at least 3 days.

Ethanol standards are prepared which represent the range
of ethanol found in blood after a 1 to 10 dilution (11). A
stock solution is prepared by pipetting 10 mL of absolute ethanol
into 1 liter of water. The resulting solution has a concentration
of 7.89 g/L. By the appropriate dilutions, the ethanol standards
range from 0.473 g/L to 0.0395 g/L. These standards are stable

for several weeks if kept frozen.

Instrumentation

The instrumentation consisted of a model LC-50 liquid chroma-
tograph with a TL-5 glassy carbon electrode purchased from Bicana-
lytical Systems Inc. (W. Lafayette, IN), The potential of the
working electrode was maintained at +0.750 V vs. a Ag/AgCl
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Figure 2. Peak current response as a function of the amount in-
jected.

reference electrode. The separations were made on a 15 cm x 4 mm
1.d. stainless steel column packed with 10 um RP-18 stationary
phase obtained from E.M. Laboratories (Darmstadt, Germany). The
mobile phase was a pH 5.25 0.15 M phosphate/citrate buffer con-
taining 4.5% methanol. The flow rate was 1 mL/min in all instances.

Procedure

Add 3 mL of the 3 mM NAD+ solution to a 10 mL test tube.
Pipet 30 yL of the ADH to this and swirl the mixture.briefly with
a Vortex mixer (Fischer Scientific). Finally, add 100 uL of the
ethanol standard or diluted serum sample to the mixture and
briefly swirl it to ensure complete mixing. Incubate this
solution for 20 minutes to allow the reaction to go to completion.
All incubations are carried out in a water bath at 25°C. When the
incubation perfod is over, remove a 100 uL aliquot and place it
in a 3 mL test tube which contains 2 mL of the Tris buffer and
100 UL of the 0.01 M Hg'>

swirled on a Vortex mixer prior to injection onto the LC column.

solution. This last mixture is briefly
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A reagent blank is always examined with each set of
samples. The NADH present in the reagent blank is subtracted
from all of the samples to correct for any trace amounts of ethanol
that might be present in the reagents, e.g. alcchol dehydrogenase
has a trace amount of ethanol in the lyophilized enzyme (10).

RESULTS AND DISCUSSION

Initial experiments used ethanol standards in order to eval-
uate the method under ideal matrix-free conditions. The results
are fllustrated in Figure 3. The linearity is demonstrated over
a range of ethanol concentrations, which, as previously mentioned,
were chosen to represent serum alcohol levels after dilutionm.

Further evidence of the method's accuracy is shown in Table 1.

10}
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Figure 3. Enzymatic generation of NADH from various ethanol stan-
dards.
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TABLE 1
Ethanol Std. (g/L) Theoretical (ng/ul)  Experimental* (ng/ul)
0.0395 0.823 0.784
0.0789 1.65 1.64
0.158 3.29 3.41
0.237 4.94 5.14
0.316 6.58 6.81
0.395 8.23 8.22
0.473 9.88 9.83

Slope of theoretical values: 20.86 (correlation coefficient 1.00)
Slope of experimental values: 20.88 (correlation coefficient 1.00)

*All values background corrected

The table lists the ethanol standards, the theoretical concentra-
tion of NADH which should be produced, and the actual NADH con-
centration found in the sample. A linear regression analysis of
the data indicates that the slope of the lines for the theoreti-
cal and experimental values are statistically indistinguishable.

When the procedure is applied to human serum samples spiked
with ethanol, similar results are obtained. Table 2 compares
the theoretical values to those found experimentally in the serum
samples.

As with the previous results, a linear regression analysis
of the two sets of data demonstrates that the slopes for the two
lines are statistically indistinguishable.

A typical chromatogram of NADH produced from the enzymatic
oxidation of ethanol 1s shown in Figure 4. The large void
volume response is due in part to oxidizable serum contaminants,
but is primarily accounted for by excess semicarbazide. The
semicarbazide is added to the pyrophosphate buffer to complex
the acetaldehyde and pull the reaction firmly to the right. The
separation of NADH from the void volume response is more than
adequate and thé'retention time of the NADH peak matches that of

a standard.
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TABLE 2

Ethanol Std. (g/L) Theoretical®l (ng/ul) Experimental*? (ng/ul)

0.0395 0.798 0.791
0.0789 1.59 1.79
0.158 3.19 3.35
0.237 4.78 5.02
0.316 6.38 6.37
0.395 7.78 8.22
0.473 9.55 9.70

Slope of theoretical values: 20.20 (correlation coefficient 1.00)
Slope of experimental values: 20.35 (correlation coefficient 1.00)

*lThe difference between the theoretical values in tables 1 and 2
are due to g different dilution factor.

*2A11 values background corrected

When using LC for trace organic determinations positive
identification of an eluted compound can be difficult. In addi-
tion, since most LCEC determinations involve nanogram amounts
of injected materials, it is virtually impossible to obtain
spectral information from collected fractions.

One means of further confirming the presence of a compound
is by plotting hydrodynamic voltammograms for specific chromato-
graphic zones. The hydrodynamic voltammograms are constructed
by making repeated injections of a sample at different potentials
and plotting the peak height vs. the applied potential. In order
to facilitate comparison of the voltammogram with that of a
standard, it is useful to ratio all the peak heights to that
measured at the most positive potential. The resulting normalized
current function, ¢, is plotted vs. the applied potential. If the
suspected compound in a particular chromatographic zone and a
standard are truly the same, then the curves will be identical.
Figure 5 illustrates this point dramatically. Three hydrodynamic
voltammograms are generated: A for an NADH standard, B for
NADH generated using an ethanol standard, and C for NADH generated
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Figure 4., This chromatogram illustrates the applicability of the
method. A 100 ul aliquot of a coroner blood sample
(diluted 1:10) which was taken from a driver involved
in a one car accident, was tested using the LCEC pro-
cedure., '

from a serum sample containing ethanol. It is obvious that all

three curves are identical and that NADH is the compound measured.
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Figure 5. Hydrodynamic voltammograms for NADH from three sources.
(See text for details).

The pH of the mobile phase used here is 5.25. NADH is
acid labile and can decompose into a number of products (12,13).
0f the reverse phase LC methods that have been published, many
have used a mobile phase pH of 7 or greater. A pH of 7 is usually
regarded as near the upper limit for reverse phase systems., The
poor chromatographic results (broad, talling peaks) that were
obtained in the published reports indicates that the columns may
have been adversely affected by the high pH. The pH of our mobile
phase is a compromise between the decomposition of NADH and the
stability of the reverse phase material. A decomposition study
of NADH at pH 5.25 reveals that for the short period of time
that NADH spends in the column, a negligible amount decomposes.
As a result, the choice of this mobile phase is justified.

As mentioned briefly in the procedure, heavy metal ions will
dissociate ADH into inactive subunits (14)., WNormally buffers
such as pyrophosphate are used to control the incubation pH as
it can complex these ions and prevent the dissociation of the

enzyme. However, we found 1t necessary to make use of these
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dissociative effects by adding Hg+2 ions to the diluent buffer,
and thereby deliberately dissociating the small amount of enzyme
present in this final solution. Tris is used as the diluent and
does not complex Hg+2 ions. The addition of Hg+2 to the

diluent was incorporated into the procedure after it was observed
that on repeated injection of a given sample, the NADH response

would increase with time. This phenomenon was observed in several

buffer systems that were used to dilute the incubation mixture
(carbonate, phosphate, pyrophosphate, Tris, and McIlvaine were
all tested)., When the Hg+2 ions were added to the diluent, the
NADH response did not increase. It might be thought that all
of the ethanol had not reacted, but the data in Tables 1 and 2
indicates that it has. Additional evidence in this regard lies
in the observation that when an aliquot is taken immediately
after the incubation is finished (20 minutes) and again an hour
later, the initial response for each sample is identical. Yet
without the addition of Hg+2, on reinjection the NADH response
would increase. The possibility that trace contiminants which
could serve as ADH substrates and reduce the remaining NAD (which
is present in excess) is currently being investigated.

A reproducibility study was conducted using ten replicate
analyses of a 0.316 g/L ethanol standard. The precision of the
method in terms of relative standard deviation was 2.5%.

The alcohol dehydrogenase system serves as an effective
model in demonstrating the potential of liquid chromatography
for the analysis of enzymatically generated NADH. With the use
of the sensitive amperometric detector, a general assay scheme
can be developed (Figure 6). This approach can be applied to
the analysis of substrates or enzymes, as long as the cofactor
can be separated from other oxidizable components. Currently
methods are being developed which are based on this approach for

serum lactate and lactate dehydrogenase.
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Figure 6. General detection scheme for enzymatic systems utiliz-
ing an electroactive cofactor.
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