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Measurement of biotin in plasma and urine has been stimulated by recent 
descriptions of inborn errors of biotin metabolism and by newly recognized causes 
of biotin deficiency. Biotin determination in physiologic fluids to document these 
conditions has been hindered by lack of a widely useable assay. This paper presents 
a method which employs tritium-labelled biotin, avidin, and nitrocellulose filters to 
measure urinary and plasma biotin in a rapid and simple manner. 

Introduction 

Biotin is a water-soluble vitamin which participates in a variety of carboxylase 
reactions in intermediary metabolism [l]. It has acquired renewed interest recently 
following the description of inborn errors of metabolism in which either biotin 
holocarboxylase synthetase is deficient or there is a disorder of biotin absorption or 
transport [2,3]. Symptomatic biotin deficiency resulting from intravenous alimenta- 
tion has also recently been described [4]. Currently available methods to measure 
biotin at physiological concentrations rely on a bioassay using microorganisms [5]. 
Previous workers have described the use of avidin in protein-binding assays for 
biotin; however, these have lacked the sensitivity necessary to measure physiologic 
concentrations of biotin due to the low specific activity of the available 
[14C]carboxybiotin [6], or have required special synthesis of [‘*‘I]biotin [7] or 
[3H]biotin [8]. In addition, they have relied upon either charcoal or bentonite 
precipitation to separate bound from free biotin. The assay described in this paper 
overcomes these difficulties by using avidin to bind commercially available [ 3H]bio- 
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tin of high specific activity. and nitrocellulose filters to separate the bound from free 
biotin. 

Materials and methods 

Nitrocellulose filters (25 mm, 0.45 p, BA 85) were purchased from Schleicher and 
Schuell, Keene, NH, USA; d-biotin was purchased from Sigma Chemical Company. 
St. Louis, MO, USA, as was avidin (13 U/mg protein). One unit of avidin binds 

1 pg of biotin, therefore 1 U equals approximately 1 nmol of avidin. Tritiated biotin 
(d-[8,9-3H(N)], Sp act 36.4 Ci/mmol, 98% pure) was purchased from New England 

Nuclear, Boston, MA, USA, as was Omnifluor and Aquasol. 

Assuy procedure 
To a series of l-ml centrifuge tubes are added (in this order): 200 ~1 of plasma 

ultrafiltrate or urine (diluted 1: 5 and 1 : 10 in 150 mmol/l NaCl), 10 ~1 of [3H]biotin 

in aqueous solution containing 0.4 pmol biotin (approximately 10000 cpm, CE 30%), 
and 30 ~1 of a 4 nmol aqueous solution of avidin. The concentration of the avidin 

solution is determined by titration [7] against the [‘Hlbiotin via the filtration 

procedure described below. This concentration of avidin yields optimal sensitivity 

for measuring biotin in the amounts found in plasma. Altering the amount of avidin 

in the assay changes the position of the binding curve, but does not alter the slope 

[7]. 225 pcll of each mixture is then aspirated through a nitrocellulose filter supported 
on the bottom half of a Swinnex-25 disc filter holder (Millipore Corp., Bedford, MA, 
USA) connected to a side arm flask. Vacuum is controlled by a 3-way stopcock 
connected to a water aspirator. The filters are washed with 0.6 ml of 0.01 mol/l Na 
acetate buffer, pH 5.0, dried for 30 min under an infra-red lamp, and then placed in 
liquid scintillation vials containing 2 ml of Omnifluor. The radioactivity bound to 
the filters is determined in a liquid scintillation counter (Beckman LSC-100. Beck- 
man Instruments, Palo Alto, CA, USA). Urinary creatinine is measured by Jaffe’s 

method [9]. 

A series of known biotin standards prepared in 150 mmol/l NaCl, pH 7.0, 
containing (in 200 ~1) 0, 50, 100, 250, 500, 750 and 1000 pg of biotin is run in 

parallel with the plasma and urine unknowns. Biotin standards and plasma and 
urine samples are stored frozen until analysis. The amount of radioactivity recovered 

for each biotin standard is expressed as a percent of the radioactivity recovered from 
tubes piepared without unlabelled biotin to produce a standard curve. Urine 

samples are run in duplicate undiluted, and diluted 1 to 5 and 1 to 10 in 150 mmol/l 
NaCl. Plasma ultrafiltrate is prepared by centrifuging 1.0 ml plasma obtained from 
heparinized whole blood through Amicon CX-25 filters at 600 X g for 30 min. The 
biotin content of the unknowns is calculated from those dilutions which fall in the 
linear portion of the curve (approximately 100 to 1000 pg/sample). 

Neutral and acidic aqueous solutions (pH 5.0-7.0) of biotin are stable for several 
months [lo]. The biotin content of frozen plasma is stable for up to 1 year [ 111. 
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Results and discussion 

In competitive protein-binding assays, labelled ligand and unknown compete for 
a limited number of binding sites on the protein. The amount of radioactivity bound 

to the protein is thus inversely proportional to the amount of unknown present in 
the sample. Using this method, the binding curve produced for biotin standards in 
the range of 50 to 1000 pg of biotin is shown in Fig. 1. This curve is a composite of 

three separate standard curves run on three successive days. Recovery of [ 3H]biotin 

was relatively insensitive to pH over the range of 5-8. Recovery of radioactivity 
bound to the nitrocellulose filters was dependent upon molarity, as shown in Fig. 2. 

NaCl, 150 mmol/l, was chosen as the diluent in the assay to minimize any variation 
induced by the salt content present in the urine samples analyzed. Recovery of 

bound radioactivity was constant if samples were filtered between 5 and 60 min after 

mixing. No radioactivity above background was recovered when avidin was omitted 
from the incubation mixture. 

The recovery of known amounts of d-biotin added to plasma and urine is shown 
in TableI. Biotin recovery from urine and from plasma ultra-filtrate was between 
75% and 134%. The recovery obtained when biotin was added to whole plasma was 

less (60-64X), presumably because some of the biotin binds to plasma proteins 
which are removed by the ultra-filtration procedure [ 121. 

A series of plasma samples was analyzed for biotin content both by this method, 
and by the bioassay method of Baker et al [5]. The results are shown in Fig. 3. There 

is a good agreement between the two methods with a correlation coefficient of 0.987. 
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Fig. 1. Composite binding curve for the interaction of [‘Hlbiotin and unlabelled biotin with avidin. The 
graph is derived from 3 separate curves run on 3 successive days. Points are the mean% 1 SD. 

Fig. 2. The effect of molar&y on the recovery of [3H]biotin bound to nitrocellulose filters. Tubes were 
prepared as described under Methods in solutions of varying concentrations of NaCl and lacking the 
addition of unlabelled biotin. The amount of radioactivity recovered was then plotted against the NaCl 
concentration. Points are the mean of duplicates. 
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TABLE I 

BIOTIN RECOVERY FROM PLASMA AND URINE 

Biotin added 

(pg/tube) 

Plasma % Biotin recovered 

plasma 

ultrafiltrate 

urine % 

0 70 105 110 

100 130 60 180 75 205 95 

250 230 64 375 108 445 134 

500 380 62 605 100 680 114 

Control plasma and urine samples were spiked with the indicated amounts of biotin and assayed in 

duplicate as described in ‘Methods’. The recovery of biotin from whole plasma is lower than that obtained 

from plasma ultrafiltrate or urine, presumably because of binding to the plasma proteins with subsequent 

removal during ultrafiltration. 

Within-run precision of this assay was based on 10 replicate assays performed on 
the same day on three dilutions of the same urine sample. The results were: low 

340 * 50 (SD) pg/ml (CV 15%); intermediate 8 15 k 120 (SD) pg/ml (CV 15%); high 

1930 c 250 (SD) pg/ml (CV 13%). Long-term precision was determined by measur- 

ing the biotin content of a urine sample five times over a period of 21 days. This 

value was 14 k 3 (SD) ng/ml, (CV 23%). 

Plasma and urinary biotin concentrations were determined by the avidin method 
and compared to published values obtained with the bioassay [3,4] (Table II). 
Random urine specimens were obtained from nine newborns in a neonatal intensive 
care unit and from 19 normal newborns in a full-term nursery. The normal 
newborns were younger than those in the special care unit and had a higher mean 
biotin excretion (118 ng/mg creatinine versus 84 ng/mg creatinine). Decline in 

BIOASSAY METHOD-BIOTIN b#nl x IO31 

Fig. 3. The correlation between plasma biotin as measured by the avidin method, and the bioassay 
method. Six plasma samples were divided, kept frozen at -2O”C, and assayed independently by each 

method. The correlation coefficient for the two methods is 0.987 (p = 0.0003). The standard error of the 
slope is 0.067, and the standard error of the intercept is 346.3. 
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TABLE II 

Urinary biotin excretion (ng/mg creatinine) 

avidin method (ill newborns O-30 days) 

(normal newborns c 5 days) 

bioassay (normal children c 4 yrs) * 

Plasma biotin concentration (pg/ml) 

avidin method 

bioassay * 

84-c 63 (n =9) (mean- 1.0 SD) 

118’- 66(n=19) 

30.2 (range 4.3-95) (n = 12) 

520f220 (n =8) 

531 (range 293-825) (n =6) 

* From Ref. 3. 

urinary biotin excretion from birth to a nadir at 4 weeks of age followed by a rise to 
adult values at about 6 months of age has been previously reported [ 131. Plasma 
samples were obtained from eight healthy adult volunteers and assayed for biotin. 
The mean biotin concentration was 520 pg/ml. This corresponded to the values 

obtained by the bioassay. 
Avidin (M, 66000) binds 4 mol of biotin per mol protein, and has been previously 

used in assays for biotin because of its availability and its high affinity for biotin 

(K, = 1015). However, the previous methods have not employed nitrocellulose filters 

to separate bound from free biotin. Nitrocellulose filters bind protein non-specifi- 
cally [14], and have been utilized to measure nanomolar amounts of cystine via a 

cystine-binding protein [15]. Application of this separation method combined with 
[‘Hlbiotin of high specific activity provides a rapid and reliable procedure for the 
determination of plasma and urinary biotin. Utilization of this method should 
greatly enhance the ability to determine biotin deficiency states, and disorders of 

biotin absorption. 
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