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The chemical methods in use for determination of pyridoxal-5'-phosphate
(PLP) in biological samples are all based on initizal rate studies of enzyme-cata-
lyzed reactions where PLP is necessary as a co-factor. By using well-resolved
apoenzyme preparations and proper reaction conditions it is possible to deter-
mine quifte low PLP concentrations from the linear dependence usually obtain-
ed between reaction rate and PLP concentration. In the most commonly used
method, the rate of '*CO, formation from (L)-(-)-tyrosine-'*C, under the
influence of PLP-stimulated tyrosine apodecarboxylase is estimated by trapping
of the liberated ¥ CO, and liquid scintillation counting [1—5]. A method
recentily published by Suelter et al. [6] makes use of apotryptophanase and UV
determination of liberated o-m{:rothlophenolate from a synthetic chromogemc
substrate, S-o-nitrophenyl-L-cysteine.

In‘ connection with investigations concerming the punﬁcatlon of tymsme
apodecarboxylase (TAD) from Streptocaoceus faecalis |7], a need arose for a
simpler and more reliable method for enzyme activity determinations. Because
the enzyme was known to exhibit activity towards L-3 4-d1hydroxyphenyl—
alanine (L DOPA) {81, a quantification of the dopamine produced by the reac-
tion. by means of chromatographic separation and amperometric  detection
' (LCEC) [9] , wWas consndered as favourable in vzew of the extreme sensmmty of
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the electrochemical detector [10,11]. In this paper we present some resulfs
which clearly demonstrate certain advantages of this method over the prevmus-
ly used radloenzymatlc one.

MATERIALS AND METHODS

Conditions for the enzymatic decarboxylation

Enzyme preparation. In all experiments the reaction mixture was completely
homogeneous. For this purpose a TAD preparation, obtained using the prepuri-
fication procedure previously described [7] for the commercially obtained cell
material (No. T 4629; Sigma, St. Louis, Mo., U.S.A.) was used throughout.
This apoenzyme was shown to possess very little decarboxylase activity in the
absence of any added PLP, indicative of the high resolution achieved.

Sample preparation. Thn standard curves were generated by the use of PLP-
solutions obtained by dilutions (1:4 to 1:16) of a common stock solution con-
taining 96 ng/ml. Plasma (1.5 ml) was deproteinized with 75% trichloracetic
acid (150 ul) and centrifuged. A 700-ul sample of the supematant was diluted
with 800 ul of 0.1 M sodium acetate buffer pH 5.5 and 1.0 ml was diluted to
2 ml with 1 M acetate buffer pH 6.5. The PLP standards were treated similarly.

Kinetic procedure. The reaction was carried out in small, stoppered centri-
fuge tubes at 30.0°. Each tube was first supplied with 700 gl of the TAD-prepa-
ration and 300 pul of the PLP-containing sample. After 1 h of pre-incubation,
400 pl of a 4 mM solution of L-DOPA in 0.1 M acetate buffer was quickly
added and a chronometer started. At the time £, 200 ul of the reaction mixture
was rapidly quenched with 800 ul of 0.8 M perchloric acid. After centrifuga-
tion this solution was then subjected to LCEC analysis. If the analysis was not
carried out immediately, the acid quenching solution was permitted to contain
a small amount of antioxidant such as bisulphife or mercaptoethanol.

Chromatographic procedure

Instrumentation. The LCEC equipment was constructed from an Alfex
Model 100 constant-flow solvent pump, a Rheodyne Model 7120 injection
valve provided with a 20 ul loop, an Altex 250 X 4.6 mm stainless-steel col-
umn, slurry-packed with 10 g Nucleosil SA, a spherical, surface-porous cation
exchanger, an electrochemical detector cell packed with silicone-oil-based
graphite paste and equipped with a 50 y PTFE spacer, a reference electrode
compartment, an operational amplifier capable of converting 1nA to 1Vand a
Linear Model 264 potentiometric recorder. The detector and amplifier parts
were obtained from Bioanalytical Systems (West Lafayette, Ind., U:S.A.). The
column was separated from the pump by means of a 5 m X 1/16 in. O.D. PTFE
coil and the potentiostat was operated at 0.55 V vs. the Ag—AgCl-reference
electrode. The column, detector and amplifier were all contained within a
Faraday-cage and carefully grounded in order to minimize eiectrical noise [11].

Chromatographic conditions. A citrate—acetate buffer of pH 5.2 was used
throughout. This was prepared from 23.0 g of citric acid, 16.6 g of anhydrous
sodium acetate, 4.20 ml of acetic acid and 9.6 g of sodium hydroxide dissolved
in 4000 ml of permanganate-distilled water. During chromatography the buff-
er was heated to 45° in order to avoid air-bubble formation in the detector
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cell. Flow-rate was set at 0.60 ml/min in all cases, unless otherwise stated.
Chemicals. Al chemicals used were of analytical grade quality. The buffer

chemicals were obtained from Merck (Darmstadt, G.F.R.) and pyridoxal-5'-

phosphate and 3,4-dihydroxyphenylalanine from Sigma (St. Louis, Mo., USA).

RESULTS AND DISCUSSION

The chromatographic result from a typical kinetic run in which a plasma
sample provided the PLP source is shown in Fig. 1. When the dopamine (DA)
peak heights were. plotied against the reaction time a perfectly straight regres-
sion line was obtained (Fig. 2.). The least-squares-fit showed a correlation co-
efficient of 0.9980. From Fig. 1 it is quite evident that the corresponding loss
in L-DOPA concentration is less than 5%, which means that the reaction is
essenuaﬂy of pseudo-zero order.

Isoom I:E“A

Fig. 1. Chromatographic recordings showing the'prograes of DA (lef:) formation in a plasma
PLPstimulated enzymatic decarboxylation of L-DOPA (right). The small, middle peak of
each chromatogram corresponds to a hitherto unidentified component from the plasma.
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Fig. 2. Linearity ohtained by graphic evaluation of the results shown in Fig. 1, illustrating
the precision of the methad for the initial rate determinations.

In another run the reactions were quenched at a single reaction time of 45
min (Fig. 3). A plot of the DA peak height obtained against the concentration
of the standard PLP solutions used, -gave a linear standard curve. Linear regres-
sion by the least squares method gave 2 correlation coefficient of 0.9992. This
standard  curve covers the normal range of plasma PLP which has been found
by earlier investigators |1,3] to be within 520 ng/mi. The relative standard
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Fig. 3. Chromatograplnc recordmgs showmg the relative amounts of DA formed at dxfferent
PLP concentrations after a fixed reaction time of 45 min. Reaction conditions were otherwise
identical. ] . - .

deviation obtained upon repeated analyses of PLP from the same plasma pool
with the use of a single reaction time (45 min) amounts to 6%. The recovery
of PLP added to plasma was not investigated, because it has been shown earlier
{1,3] to be ca. 90%.

Under the conditions used the retention volumes for L-DOPA and DA are
4.8 ml and 10.9 ml, respectively, which means that at a flow-rate of 0.60 ml/
min one chromatogram will require ca. 20 min. We have found, however, that
the flow-rate can be increased considerably, to speed up the analysis, with no
other disadvantage than the accompanying rise in pressure.

It should be emphasized that because of the very small amounts required for
each injection and the dilution made upon the quenching, all volumes described
in the sample preparation and kinetic procedures can be scaled down consider-
ably to suit the particular needs of a micro-method.

The sensitivity of the method, however, is highly dependent upon the qual-
ity of the apoenzyme. In our investigation we have found that under the con-
ditions used, an over-all volume reduction will permit the analysis of 100 ul
plasma, i.e. the method is sensitive enough for.1 ng of PLP and even less.

CONCLUSION

The use of high-performance liquid chromatography with LCEC for the
monitoring of PLP-dependent, enzymatic decarboxylation of L-DOPA to DA,
has beeu shown to provide an excellent method for the quantitative determina-
tion of PLP in biological fluids, such as plasma or serum. The method makes
use of resolved and partially purified tyrosine z?podeca;boxylase (EC.4.1.1.25)
from Strepitococcus faecalis, a PLP enzyme which is sufficiently active towards

~DOPA as a substrate to permit inifial rate determinations to be carried out
with high precision, even at very low PLP concentrations. Because.of the great
selectmty and sensitivity inherent in the LCEC procedure, the reaction prod-
uct, DA, can be quantitated in very low amounts, a fact which obviates the
earlier need of a radiolabelled substrate. A further advantage .of the methad.
over the previously used radmenzymatxc procedure is found in the very easy
handling and control of the reaction mixture prior to analySIs which permits.
samples to be mthdrawn -and quenched at very. precxse time mtervals a prereq—.
uisite for accurate kinetic studies.. . _ o ‘



Our results have shown that this method for PLP determination is reliable,
uncomplicated and easy to perform. with a high degree. of precision. In our
opinion it is in many respects superior to the radioenzymatic procedure. It
may also-be suggested that the LCEC technique should be a very valuable tool
for the study of selected enzyme-catalyzed steps in the area of tyrosine as well
- as trypfophan metabolism. Work in this field has recently been reported [12]

and is also in progress in our laboratory.

REFERENCES

A. Hamfeldt, Scand. J. Clin. Lab. Invest., 20 (1967) 1.
P.R. Sundaresan and D.B. Coursin, Methods Enzymol_, 18 A (1970) 509.
_ B. Chabner and D. Livingston, Anal. Biochem., 34 (1970) 413.
L. Reinken, Int. J. Vitam. Nutr. Res., 42 (1972) 476.
H. Bhagavan J. Koogler, Jr. and D. B Coursin, Int. J. Vitam. Nutr. Res., 46 (197 6)
160.
C.H. Suelter, J. Ward and E.E. Snell, Anal Biochem. , 76 (1976) 221.
S. Alienmark and B. Servenius, J. Chmmatogr 153 (1978) 239.
H. Epps, Biochem. J., 38 (1944) 242, )
CJ. Refshauge, P.T. Kissinger, R. Dreiling, L. Blank, R. Freeman and R.N. Adams,
Life Sci., 14 (1974) 311,
10 P.T. Kissinger, C.J. Refshauge, R. Dreiling and R.N. Adams, Anal. Lett., 6 (1973) 465.
11 R. Keller, A. Oke, 1. Mefford and R.N. Adams, Life Sci., 19 (1976) 995.
12 C.L. Blank and R. Pike, Life Sci., 18 (1976) 859.

oD Uk Kp -



