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Pyndoxal-5’-phosphate (PLP) exists largely as a Schrff-base-lurked complex 

to e-ammo residues of albumin m plasma [l--3]. At least two high-affinity PLP 

binding sites on albumin and numerous binding sites with lower affinity have 
been described [l] Most methods employed in plasma PLP determinations 
require trichloroacetic acid (TCA) precipitation of plasma proteins [d-6] 

Although PLP added to plasma 1s in general satisfactorily recovered, reliability 
of this procedure was questionable since PLP couplmg to albumin is presumab- 
ly time-dependent In one case, splkmg of plasma with PLP was done after 
protein precipitation, which yields no information on possible protein reten- 
tion of PLP [7] At least one report states that TCA preclpltation does not 
liberate PLP completely from albumin and pre-incubation with semlcarbazide 
1s suggested to free albumin-linked PLP [8] We therefore investigated the 
possibihty that TCA plasma protein precipitation does not liberate albumm- 
bound PLP quantitatively 

We present evidence that TCA preclpltatlon IS fully sufficient to liberate 
PLP from albumm In addition, we demonstrate that semicarbazone derivati- 
sation of PLP and pyndoxal (PL) proceeds quantitatively m presence of 3 3% 
TCA. Therefore, a previously described method for plasma PLP and PL analysis 
based on pre-column semlcarbazone denvatlsatlon [9] is simplified by simul- 
taneous addition of TCA and semlcarbazide to plasma. This improvement 
renders the technique even more suitable for large-scale population screening 
studies of vnannn B6 status 
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EXPERIMENTAL 

Reagents 
PL and PLP were obtwned from Merck (Darmstadt, F R.G.) and purlhed as 

described previously [ 91. [ 4,5-14C] PLP (1.93 mCl/mmol) was supplied by 
Amersham (Buckmghamshlre, U.K ). The internal standard, 6-methyl-2- 
pyrldme carboxaldehyde semlcarbazone (MPCSC), was prepared from 
6-methyl-2-pyndine carboxaldehyde (Aldrich, Milwaukee, WI, U.S.A.) 
as described previously [9] . Bovine albumin (Fraction V) was bought from 
Sigma (St Louis, MO, U S A ) 

PLP bmdmg to albumm 
[4,5-14C] PLP was added to a 3% bovine albumin solution m 0 05 M 

phosphate buffer, pH 7.2, contammg 0.154 M sodium chloride (phosphate- 
buffered saline, PBS) to a final concentration of 6 4 pug/ml PLP m albumin 
solution The mixture was Incubated for 90 mm at 37°C and subsequently 

a O.&ml ahquot was applied to a 30 X 2.2 cm Sephadex G-50 (Pharmacla, 
Uppsala, Sweden) column PBS was used to elute the column at a ffow-rate 
of 40 ml/h, and the eluate was fractionated at 4-mm mtervals for 90 mm A 

control experiment was run with PLP added to PBS without albumin. 
A 0 5-ml aliquot of each fraction was wlthdrawn for 14C measurement. 

Triplicate 0.5-ml allquots were Mthdrawn for albumin preclpltatlon using 0 25 
ml of 10% TCA. The clear supernatant obtamed after centrlfugatlon (25 000 g, 
15 mm) was quantltatlvely recovered for radioactIvIty determmatlons Albumm 
preclpltates were washed tmce with 10% TCA and the supernatants quantltati- 

vely recovered for 14C measurement. Fmally, the precipitated albumin was 
suspended m 0.5 ml PBS and used for 14C measurement 

Reactton of PLP and PL wrth semuzarbazlde under actd condztzons 
Ahquots (1 ml) of a PLP or PL solution (10 pg/ml) were incubated at 37” C 

for 30 mm m the presence of 0 5 ml of 10% TCA and either 0 3 ml of 0 5 M 
semlcarbazlde or 0.3 ml water, after washmg with dlethyl ether and dlchloro- 
methane, 30 ~1 of each water phase were inJected onto a Whatman (Clifton, 
NJ, U S A ) Partlsll-10 ODS-3 column (25 cm X 4.6 mm I D , IO pm particle 
size) using a mobile phase as described previously [9] The column eluate 

was monitored by UV detection at 290 nm. 

PLP and PL recoveries from aEbumm complexes or plasma 
Aliquots (1 ml) of a 3% albumin solution were spiked with 5.0 ng PLP and 

2 05 ng PL, 10 0 ng PLP and 4.10 ng PL and 20 0 ng PLP and 8.20 ng PL, 
respectively, and mcubated for 90 mm at 37°C This procedure was repeated 
with l-ml ahquots of plasma, contammg a sodium phosphate buffer (pH 7 2) at 
a final concentration of 0 02 M PLP and PL concentrations m each ahquot 
were determmed usmg a modlflcatlon of a previously described hlgh- 
performance llquld chromatographlc (HPLC) technique [9] Brlefly, 
to 1 0 ml of albumm solution or plasma, 0 5 ml of 10% TCA, 0 3 ml 
of 0 5 M semlcarbazlde and 50 ~1 MPCSC (8.2 l 10 -4 M) were 
simultaneously added The mixture was mixed vigorously and then heated at 
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40°C for 30 mm. The clear supematant obtamed after centrlfugatron was 
washed twice wrth drethyl ether and once with drchloromethane. A 30-1.11 

ahquot of the water phase was analysed for PLP and PL usmg HPLC as 
described prevrously [9] except that a Whatman Part&-5 ODS-3 RAC II 
analytical column (10 cm X 4 6 mm 1.D ,5 pm particle size) was used 

RESULTS AND DISCUSSION 

Fig. 1 mdicates that the Sephadex G-50 column used was very effective m 

the separation of PLP and albumin. When albumin was pre-incubated in 
presence of [14C]PLP, 85% of radioactivity was associated with the albumm 
peak and 15% PLP eluted m the free posrtron Although the PLP 
concentration used was 450”fold higher than the mean plasma PLP level of 14.3 
ng/ml m adult, healthy men [lo] , it can be calculated that only 2 9% of the 
high affinity bmdmg capacity of albumm would be occupred by the added PLP, 
assuming a molecular weight of 67 000 for albumm, two high-affnnty PLP 

binding sites per albumin molecule [1] and 100% binding of PLP to albumin 
The dlstrlbutron of radroactivlty followmg protein precrpltatron and resolubih- 
sation of albumm-contammg fractions mdlcates that [4,5-14C] PLP was 

practically quantltatlvely liberated from albumin by a final TCA concentration 
of 3 3% (Table I) The final TCA concentration (3 3%) used was lower than 
those reported by others m vltamm B6 analysis [4-61, however, a 3 3% final 
TCA concentration was reported to preclpltate more than 99% of plasma 
proteins [ 111 

Generally the pH optimum for the semrcarbazone reactron 1s shghtly acldrc 
[12, 131, but Fig 2 dlustrates that PLP and PL react quantltatrvely to form 

the respective semicarbazones m the presence of excess semlcarbazide in 3 3% 
TCA (pH 2 0 [ll] ) Using reversed-phase HPLC, underrvatrzed PLP and PL 
eluded both after 4 0 mm, while the semlcarbazone derrvatrves of PLP and PL 
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Fig 1 Bmdmg of [4,5-14C]PLP to albumin [4,5-“C]PLP was Incubated m PBS (blank 

solution) or in PBS containing 3% albumin Blank solution was applied at 1, albumin con- 
tammg solution at 2 
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TABLE I 

RECOVERY OF [ 4,5-“C]PLP FROM ALBUMIN COMPLEX 

Fractions 28 and 29 (Fig 1) (Identlhed as contammg albumm) were treated as described 
under ExperImental and the dlstrlbutlon of radloactlvlty m the supernatant and preclpltate 

established by 14C measurement. Radloactwty (o/O) recovered m supernatant IS calculated as 
the sum of radmacltlvlty (%) measurements m supernatant and was solutions 

Fraction Whole Super- Wash Solublhsed Radloactlvlty 
No fraction 

Radloactlvlty 
natant solution preclpltate recovered m bound to 

(dpm) (dpm) (dpm) (dpm) supernatant protein 
(%) (%) 

28 10074 9961 448 92 103 3 09 
29 1273 1252 47 12 102 0 09 
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Fig 2 The reactlon of PLP and PL pnth semlcarbazlde m 3 3% TCA HPLC and UV detec- 
tion were used to determme whether semlcarbazone derlvatlsatlon was quant,ltatlve (see 
text) (A) Purified PL, (B) PL reacted with semlcarbazlde, (C) purified PLP, (D) PLP reacted 
with semlcarbazlde Arrows mdlcate the posltlon of the PL peak (A and B) or the PLP peak 
(C and D) 

eluted at 5.8 and 7.8 mm, respectively (Fig. 2) The amount of UV-absorbmg 
material elutmg at 4 0 mm after semlcarbazone derwatlsatlon was neghble both 
m the case of PL and PLP, thus mdlcatmg that the semlcarbazone derlvatlsatlon 
was complete under the reactlon condltlons used Applymg this to plasma PLP 

and PL analysis it may be concluded that It 1s unnecessary to adlust the pH of 
the TCA supernatant m order to perform semlcarbazone derwatlsatlon as 
reported by others [ 141 Therefore, our previously reported sample 

preparation prcmxbre [9] for HPLC has been modified by adding TCA and 
semlcarbazlde simultaneously to plasma (see ExperImental) 
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TABLE II 

RECOVERY OF PLP AND PL ADDED TO A 3% ALBUMIN SOLUTION OR PHOSPHATE- 
BUFFERED PLASMA 

Added Found (mean 5 S D , n = 5) (ng/ml) Recovery (%) 

( ng/ml 1 
3% Albumm Plasma 3% Albumm Plasma 

PLP 
0 15 47 1 0 49 26 01 + 049 - - 

5 2006+- 148 3077+ 104 918 95 2 

10 25 24 r 1 05 35 32 2 146 97 7 93 1 
20 34 14 f 171 46 82 f 2 13 93 4 104 1 

PL 
0 361rO08 1291+071 - - 

2 05 5 56 + 0 13 15 09 + 0 73 95 1 106 3 
4 10 7 91 + 0 22 17 15 f 0 75 104 9 103 4 

8 20 12 16 +_ 1 01 21 54 + 0 80 104 3 105 2 

Analysis of albumm solution ahquots pre-incubated with small PLP and PL 
spikes to allow PLP bmdmg to albumm yielded excellent recovenes for both 
PLP and PL (Table II) Using a short (10 mm X 4 6 mm 1.D ) high-resolution 
reversed-phase column, good resolution was obtamed between MPCSC and the 
semlcarbazone denvatlves of PLP and PL (Fig 3) Note that the separation was 
completed urlthm 6 mm m comparison to the 11 mm required [ 91 when a 
Partis&10 ODS-3 analytical column (25 cm X 4.6 mm) was used. It is of 

A 

Fig 3 Determmatlon of PLP and PL (A) Standard contammg 12 0 ng/ml PLP and 5 0 
ng/ml PL, (B) plasma sample (17 4 ng/ml PLP and 3 0 ng/ml PL) Arrows mdlcate when the 

sample was Injected Peaks 1 = PLP semlcarbazone (2 50 mm), 2 = PL semuxubazone (3 24 
mm), 3 = MPCSC, the Internal standard (4 28 mm) 
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interest to note that commercial albumm contamed PLP (and sometimes even 
PL) mdlcatmg that the Schiff-base-hnked PLP is not removed from albumin 
during the usual protem isolation steps However, the amount of PLP bound to 
the commercial albumm preparation was negligible when the potential PLP 
bmdmg capacity of albumin was taken mto account From Table II it can be 
calculated that only 0 007% of the high affinity bmdmg capacity of albumin 
was occupied by PLP. It is therefore reasonable to accept that the endogenous- 
ly bound PLP did not adversely affect spiked PLP binding to albumm m any 

way 
To summarize, we present evidence that TCA precipitation of plasma 

proteins liberated albumm-bound PLP completely A previously reported HPLC 
method [9] for plasma PLP and PL determmations IS improved by (a) domg 
plasma protein precipitation and semlcarbazone derlvatlsation of PLP and PL 
simultaneously and (b) the use of a short high-resolution reversed-phase column 
thereby cutting HPLC analysis time by more than 40% per sample analysed 
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