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Biotinidase catalyzes

debiotinylation of histones

Summary Background Post-
translational modifications of his-
tones play important roles in
processes such as regulation of
gene expression and DNA repair.
Recently, evidence has been pro-
vided that histones in human cells
are modified by covalent attach-
ment of biotin. Aim of the study To
determine whether the reverse
process (debiotinylation of his-
tones) occurs in biological samples
and whether debiotinylation is an
enzyme-mediated process; and to
characterize the enzyme that medi-
ates debiotinylation of histones.
Methods Plasma and lymphocytes
from healthy adults and a bio-
tinidase-deficient patient were
used as sources of debiotinylating
enzymes. Debiotinylation of his-
tones by plasma and lymphocyte
proteins was measured using a col-
orimetric 96-well plate assay. Re-
sults Histones were debiotinylated

rapidly if incubated with human
plasma or lysates of lymphocytes.
The following observations are
consistent with the hypothesis that
debiotinylation is an enzyme-me-
diated process: (i) Hydrolysis was
slower at 4 °C compared to 37 °C;
(ii) debiotinylating activity was de-
stroyed when biological samples
were heated at 90 °C for 30 min
preceding incubation with biotiny-
lated histones; and (i) rates of de-
biotinylation were pH dependent.
Rates of histone debiotinylation
were significantly decreased in bio-
tinidase-deficient samples. Conclu-
sion Debiotinylation of histones in
human samples is an enzyme-me-
diated process that is at least partly
catalyzed by biotinidase.

Keywords Biotin - Biotinidase
- Biotinylation - Debiotinylation -
Histone

Introduction

Histones are the primary proteins that mediate the fold-
ing of DNA into chromatin [1]. The binding of DNA to
histones is of electrostatic nature; binding is mediated
by the association of negatively charged phosphate
groups of DNA with positively charged e-amino groups
and guanidino groups of histones.

In vivo, histones are modified posttranslationally by
covalent attachment of groups such as acetate [2-4],
ubiquitin [5], and poly (ADP-ribose) [6-8]. These

groups are attached to eithere-amino groups (lysine
residues) or guanidino groups (arginine residues) of hi-
stones; each such modification takes away one positive
charge from histones, leading to weakened association
between DNA and histones. Some histone modifications
(e.g., acetylation of histones) correlate with increased
transcription of DNA and DNA repair mechanism [poly
(ADP-ribosylation) of histones] [1].

Recently, evidence has been provided for another
posttranslational modification of histones: Hymes et al.
have proposed a reaction mechanism by which the en-
zyme biotinidase (E. C.3.5.1.12) mediates covalent bind-



T.D.Ballard et al.

79

Enzymatic debiotinylation of histones

ing of biotin to histones [9] in addition to the classical
role of biotinidase in intermediary metabolism. The
classical role of biotinidase in metabolism is to hy-
drolyze biocytin (biotinyl-e-lysine), a degradation
product of biotin-dependent carboxylases [10]. Hydrol-
ysis of biocytin releases free biotin which is recycled in
the synthesis of new holocarboxylases. Hymes et al. have
extended this classical view by showing that cleavage of
biocytin by biotinidase leads to the formation of a bi-
otinyl-thioester intermediate (cysteine-bound biotin) at
or near the active site of biotinidase [9, 11]. In a next
step, the biotinyl moiety is transferred from the
thioester to a free amino group in histones. Based on
these pioneering studies, our laboratory has demon-
strated that human cells biotinylate histones and that
cells respond to proliferation with increased biotinyla-
tion of histones [12].

In the present study we hypothesized that cells syn-
thesize an enzyme that catalyzes debiotinylation of his-
tones. Theoretically, such an enzyme enables cells to re-
duce biotinylation of histones, e.g., to regulate gene
expression in response to changes of the cellular envi-
ronment or physiological requirements. By analogy, cells
reduce transcriptional activity of genes by decreasing
acetylation and ubiquitinylation of histones [1,5].In the
present study, we specifically (i) developed a 96-well
plate assay to determine rates of histone debiotinylation;
(7i) determined whether debiotinylating activity is pre-
sent in biological samples; (iii) determined whether de-
biotinylation of histones is an enzyme-mediated
process; (iv) characterized the enzyme that mediates de-
biotinylation of histones.

Experimental methods
Isolation of plasma and lymphocytes

Heparinized blood was collected from apparently
healthy donors and from a patient that had been diag-
nosed with the inborn error biotinidase deficiency.
Plasma and lymphocytes were collected by gradient
centrifugation as described previously [13]. Both
plasma and lymphocytes were used to measure activi-
ties of enzymes that catalyze debiotinylation of histones
as described below. This study was approved by the In-
stitutional Review Boards at the University of Nebraska-
Lincoln and the University of Wisconsin-Madison.

Histone debiotinylase assay

Histone H1 (Sigma, St. Louis, MO) was biotinylated en-
zymatically [9] to produce substrate for analysis of de-
biotinylating enzyme(s): 1 mg of histone H1 was dis-
solved in 0.1 mL of 20 mM sodium acetate, pH 4.5, and

diluted with 18.9 mL of 50 mM Tris, pH 8.0. Enzymatic
biotinylation is catalyzed by biotinidase and requires
biocytin as substrate [9]. Thus, 0.4 mL of 750 uM bio-
cytin, and 0.6 mL of human plasma (as source of bio-
tinidase) were added to the histone solution. The sample
was incubated at 37 °C for 45 min. Next, 30 mL of 50 mM
sodium carbonate buffer, pH 9.6, was added and the so-
lution was used immediately to coat plates, i.e., to ad-
sorb biotinylated histone H1 to the surface of 96-well
plates. For coating, 100 pL of biotinylated histone H1 so-
lution was added per well and plates were incubated at 4
°C overnight. Coating solution was removed from wells
and plates were incubated for at least 1 h with 200
uL/well of 0.1% bovine serum albumin (wt./vol) and
0.05 % Tween-20 (vol./vol) in phosphate-buffered saline
to block unoccupied adsorption sites. Plates containing
blocking solution lost less than 10 % of biotinylated his-
tones if stored at 4 °C for 10 days (data not shown). We
noted substantial differences in the adsorption effi-
ciency of histones to plates from different manufactur-
ers during the coating process. For the studies reported
here, we used polypropylene 96-well flat bottom plates
from Becton Dickinson (Franklin Lakes, NJ; catalog
number 353072).

Plates coated with biotinylated histone H1 were used
to characterize enzymes that catalyze debiotinylation of
histones in biological samples. In a typical experiment,
debiotinylation of histones was measured as follows. Af-
ter coating and blocking, plates were washed twice with
phosphate-buffered saline. The following samples
(150 pL/well) were added to release biotin from its cova-
lent binding to histone: (i) human plasma (1 vol. of
plasma diluted with 2 vol. of 50 mM Tris, pH 8.0); (i7)
human lymphocytes; 8 x 10° lymphocytes were pelleted
and lysed by freezing at -70 °C and thawing; the lysate
was suspended in 2 mL of 50 mM Tris, pH 8.0. (iii) 50
mM Tris, pH 8.0 (control). Plates were incubated at 37 °C
for 3 min. Samples were removed and plates were
washed twice using phosphate-buffered saline. Next,
100 pL of horseradish peroxidase-conjugated avidin was
added to the empty wells; this solution was prepared as
follows: 1mg of lyophilized horseradish peroxidase-
conjugated avidin (Pierce; Rockford, IL; catalog number
21123) was reconstituted with 1 mL of water; 1 mL was
diluted with 0.1% bovine serum albumin (wt./vol) in
phosphate-buffered saline. Blanks were prepared with-
out horseradish-peroxidase conjugated avidin. Plates
were incubated with horseradish peroxidase-conjugated
avidin for 1 h at room temperature. Plates were washed
twice with 0.05% Tween-20 in phosphate-buffered
saline (vol./vol). One hundred microliters of TMB 1-
component microwell substrate (Kirkegaard & Perry
Laboratories, Gaithersburg, MD; catalog number
50-76-04) were added to each well and plates were in-
cubated for 0.5 h at room temperature. Finally, reactions
were terminated by addition of 100 pL stop solution



80 European Journal of Nutrition, Vol. 41, Number 2 (2002)

© Steinkopff Verlag 2002

(Kirkegaard & Perry Laboratories, catalog number
50-85-04) and the absorbance was read at 450 nm in an
Emax microwell plate reader (Molecular Devices, Sun-
nyvale, CA). Note that high debiotinylating activity leads
to a decrease of biotinylated histones and, thus, to a de-
crease of absorbance at 450 nm. The assay procedure de-
scribed here was modified for individual experiments as
described in Results, e. g., by addition of inhibitors or by
incubation at 4 °C.

Chemical biotinylation of substrates

In some experiments, naturally occurring and synthetic
polypeptides were biotinylated chemically for subse-
quent use as substrates in the debiotinylation assay. For
chemical biotinylation, 1 mg of either bovine serum al-
bumin, poly-L-lysine (mol. wt.20,000-30,000), or his-
tone H1 from calf thymus (all from Sigma) were dis-
solved in 0.5 mL of 50 mM bicarbonate buffer, pH 8.5.
Immediately before use, 3.5mg of sulfo-NHS-biotin
(sulfosuccinimidobiotin; Pierce, Rockford, IL) was dis-
solved in 1 mL of water; 50 pL of this biotinylating agent
was added to the protein solution and samples were in-
cubated at room temperature for 1 h [14]. Finally, sam-
ples were dialyzed three times against 250 volumes of
water to remove unreacted sulfo-NHS-biotin. Biotiny-
lated proteins were used to coat 96-well plates as de-
scribed above with the following modification. Protein
concentration in the coating solution was adjusted to
2mg/mL (compared to 20 mg/mL for enzymatically bi-
otinylated histone) to adjust for the high stoichiometry
of biotinylation achieved by sulfo-NHS-biotin. Activities
of debiotinylating enzyme were determined using these
plates as described above for enzymatically biotinylated
histones.

Determination of biotinidase activity

Biotinidase activity in plasma was measured as the hy-
drolysis rate of N-D-biotinyl-p-aminobenzoic acid as
described by Knappe [15] and Backman-Gullers [16]
and modified by Nilsson [17]. Forty microliters of
plasma were mixed with 740 uL of 54 mM sodium phos-
phate buffer, pH 6.0, containing 1.08 mM disodium
EDTA and 4.3 mM cysteamine hydrochloride (prepared
freshly); samples were warmed at 37 °C for 10 min. Then,
20pL of 6 mM of N-D-biotinyl-p-aminobenzoic acid
were added. After 30 min at 37 °C, 80uL of 2 M
trichloroacetic acid were added and protein was re-
moved by centrifugation (2,500 g for 10 min). Six-hun-
dred microliters of the supernatant were mixed with
200 pL water. At room temperature and at 3-min inter-
vals, 80 pL of 14.5 mM sodium nitrite (prepared freshly),
80 uL of 43.8 mM ammonium sulfamate, and 80 puL of

3.86 mM N-1-naphtyl ethylenediamine hydrochloride
were added in succession and allowed to incubate for 10
min before measuring the absorbance at 546 nm. One
unit of biotinidase activity is defined as the amount of
enzyme that releases 1 umol of p-aminobenzoic acid per
minute [18].

Statistics

Significance of differences among groups was tested by
one-way ANOVA if more than two treatment groups
were compared. Effects of incubation time and treat-
ment were tested by two-way ANOVA (time by treat-
ment). Fisher’s Protected Least Significant Difference
procedure was used for posthoc testing [19]. Paired
comparisons were made using the paired, two-tailed
t-test. StatView 5.0.1 (SAS Institute; Cary, NC) was used
to perform all calculations. Differences were considered
significant if P < 0.05. Data are expressed as mean + 1
SD.

Results

Normal plasma contained a factor that mediated debi-
otinylation of histone H1. For example, 96-well plates
were incubated either with native plasma, heat-dena-
tured plasma (90 °C for 30 min), or Tris buffer (control)
for up to 30 min. At timed intervals, biotinylation of hi-
stone H1 was determined as described above using
horseradish peroxidase-conjugated avidin as a probe for
biotin. Incubation with native plasma caused a rapid de-
biotinylation of histone, as judged by the decrease of ab-
sorbance at 450 nm (Fig. 1). Debiotinylating activity was
destroyed if plasma was heated prior to incubation with
biotinylated histones. Likewise, incubation with en-
zyme-free Tris buffer did not cause debiotinylation of
histone H1. These data are consistent with the presence
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Fig. 1 Debiotinylation of histone H1 in the presence of native human plasma,
heat-denatured plasma, or Tris buffer. Histone H1 was debiotinylated more rapidly
in the presence of native plasma compared to heat-denatured plasma or Tris buffer
(P < 0.01 by two-way ANOVA; n = 6 repeats using the same plasma sample).
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of one or more enzymes in plasma that catalyze debi-
otinylation of histones.

Human lymphocytes also contain catalytic activity
that mediates debiotinylation of histones. For example,
incubation of biotinylated histone H1 with lysed lym-
phocytes at 37 °C for 5 min caused a decrease of ab-
sorbance from 0.71 +0.01 (buffer control) to 0.51 +0.01
(lymphocytes); P < 0.01 (n=6 repeats, using the same
lymphocyte sample). For the majority of the experi-
ments described here, plasma rather than lymphocytes
was used as a source of debiotinylating enzyme based on
the following line of reasoning: (i) the enzyme bio-
tinidase was identified as a candidate enzyme to catalyze
debiotinylation of histones (see below); plasma contains
high activity of biotinidase [18,20]. (ii) Large quantities
of plasma are available conveniently, including plasma
from patients with the inborn error of metabolism, bio-
tinidase deficiency.

The following observations are consistent with the
hypothesis that debiotinylation of histones was caused
by enzymes rather than by spontaneous degradation of
biotinylated histones. (i) Debiotinylation of histones
was significantly decreased at 4 °C compared to 37 °C.
For example, if biotinylated histone H1 was incubated
with plasma at 4 °C for 3 min, biotinylation status de-
creased by only about 7% as judged by the decrease of
absorbance at 450nm from 1.20%+0.19 to 1.11+0.10
(P=0.53; n=5-6 repeats, using the same plasma sam-
ple).In contrast, if 96-well plates were incubated at 37 °C
for 3 min, biotinylation of histones decreased by about
54% as judged by the decrease of absorbance from
1.15%£0.23 to 0.53+0.08 (P < 0.01; n=6 repeats, using
the same plasma sample). Moreover, heating of plasma
at 90 °C for 30 min prior to incubation with histone in-
activated debiotinylating activity (see above).

(7i) Debiotinylation of histones is pH dependent. Bi-
otinylated histone H1 was incubated with plasma at 37
°C for 3 min at pH values that spanned a range from 6.0
to 10.0. Debiotinylating activity reached a maximum
(i.e., absorbance minimum) at about pH 8 (Fig. 2).

The enzyme biotinidase has broad substrate speci-
ficity with regard to cleaving biotinyl amides (see Dis-
cussion). Thus, we determined whether biotinidase
might account for debiotinylation of histones. If bi-
otinylated histone H1 was incubated with plasma from a
biotinidase-deficient patient, no significant debiotinyla-
tion of histones was observed (Fig. 3a; deficient plasma
versus buffer control). Histone H1 was debiotinylated
more rapidly if incubated with normal control plasma
compared to biotinidase-deficient plasma.

Likewise, debiotinylation of histone H1 was reduced
in biotinidase-deficient lymphocytes compared to nor-
mal lymphocytes. If biotinylated histone H1 was incu-
bated with lysed biotinidase-deficient lymphocytes (0.4
x 10° cells) at 37 °C for 3 min, absorbance at 450 nm de-
creased by only 8% compared to enzyme-free control

1.6
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1.2
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Absorbance (450 nm)
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Fig.2 Debiotinylation of histone H1 by plasma enzymes is pH dependent. Bi-
otinylated histone H1 was incubated with plasma at pH values that spanned a
range of 6.0 to 10.0. In this experiment, the standard protocol was modified by di-
luting 1 volume of plasma with 2 volumes of either one of the following buffers (all
stock solutions at 50 mM): citrate-phosphate buffer (pH 6.0 and 6.5), phosphate
buffer (pH7.0and 7.5), Tris buffer (pH 8.0 t0 9.0), and carbonate-bicarbonate buffer
(pH 9.5 and 10.0). Note that the lower the absorbance the greater the enzyme ac-
tivity (n = 3 repeats using the same plasma sample).

(Tris buffer, Fig. 3b). In contrast, if biotinylated histone
H1 was incubated with lysed normal lymphocytes, ab-
sorbance at 450 nm decreased by 16 % compared to en-
zyme-free control.

The diagnosis of biotinidase deficiency in our patient
was confirmed by measuring biotinidase activity in
plasma. Biotinidase activity equaled 0.1 units/L. This is
less than 2% of the biotinidase activity in plasma from
healthy individuals in this study (7 -12 units/L).

Next, we determined whether chemically biotiny-
lated proteins (bovine serum albumin and histone H1)
and a synthetic polypeptide (poly-L-lysine) are also de-
biotinylated if incubated with plasma. The broad sub-
strate specificity of plasma biotinidase would be consis-
tent with rapid debiotinylation of these compounds.
Indeed, all three biotinylated compounds were debi-
otinylated rapidly when incubated with plasma at 37 °C
for 3 min (Table 1). Debiotinylation rates were decreased
when biotinidase-deficient plasma rather than normal
plasma was used for incubations: 32+9.7% of biotin
was removed from albumin (51%16% for normal
plasma); 45 £ 5% of biotin was removed from poly-L-ly-
sine (63 £2.9 % for normal plasma); and 22 + 3 % of bi-
otin was removed from histone H1 (33 £ 2.8 % for nor-
mal plasma). The observation that synthetic compounds
are debiotinylated at a slower rate when incubated with
biotinidase-deficient plasma compared to normal
plasma is consistent with our observations made for
enzymatically produced biotinylated histone HI. In
summary, these observations are consistent with the hy-
pothesis that biotinidase might account for debiotinyla-
tion of histones. It remains uncertain why debiotinyla-
tion of histones by biotinidase has a maximal rate at pH
8 (see above), whereas hydrolysis of biocytin by bio-
tinidase occurs maximally at pH 6-7.5 [17, 20].
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Fig.3 Debiotinylation of histone H1 by biotinidase-deficient biological samples.
() Histone H1 is not debiotinylated by biotinidase-deficient plasma. Biotinylated
histone H1 was incubated with either buffer (enzyme-free control), normal plasma,
or plasma from a biotinidase-deficient patient. a Not significantly different from
buffer control (P = 0.10; n = 6; values for biotinidase-deficient plasma are the in-
traexperimental variation); b significantly different from normal plasma (P < 0.01;
n = 6 repeats). (B) The rate of debiotinylation of histone H1 is reduced in bio-
tinidase-deficient lymphocytes compared to normal lymphocytes. Biotinylated hi-
stone H1 was incubated with either buffer (enzyme-free control), normal lympho-
cytes, or lymphocytes from a biotinidase-deficient patient (n = 5-6 repeats; values
for biotinidase-deficient plasma are the intraexperimental variation). 2 Significantly
different from buffer control (P < 0.01); ® significantly different from normal lym-
phocytes (P < 0.05).

Table 1 Rates of debiotinylation of bovine serum albumin, poly-L-lysine, and his-
tone H1?

Sample Control Plasma
Absorbance at 450 nm
Albumin 0.48+0.09 0.22+0.03
Poly-L-lysine 2.48+0.08 0.93+0.09
Histone H1 3.28+0.09 2.19+0.10P

2 Bovine serum albumin, poly-L-lysine, and histone H1 from calf thymus were bi-
otinylated chemically using sulfosuccinimidobiotin. Ninety-six well plates were
coated with these biotinylated compounds. Then, plates were incubated at 37 °C
for 3 min with either plasma (containing debiotinylating enzyme) or Tris buffer
(control). After incubation, biotinylation of proteins was determined using the
avidin-based procedure described in the text.

b Significantly different from enzyme-free control (P < 0.01; n = 6 repeats, using
the same plasma sample).

Next, we determined whether plasma proteases
might account for some of the release of free biotin from
biotinylated histones. In these experiments, 1 mL of pro-
tease inhibitor cocktail (Sigma catalog number P-8340)
was added per 100 pL of plasma prior to incubation
with biotinylated histones. The protease inhibitor cock-
tail contains 4-(2-aminoethyl)-benzenesulfonyl fluoride
(an inhibitor of serine proteases), aprotinin (an in-
hibitor of serine proteases), leupeptin (an inhibitor of
serine and thiol proteases), bestatin (an inhibitor of
aminopeptidases), pepstatin (an inhibitor of acid
proteases), and trans-epoxysuccinyl-L-leucylamido-(4-
guanidino)butane (an inhibitor of cystein and thiol pro-
teases). Addition of protease inhibitors caused a modest
decrease of the rate of histone debiotinylation (Fig.4).
This finding suggests that proteases account for some
hydrolysis of biotinylated histone H1 in addition to de-
biotinylation of histone H1 by biotinidase.

The decreased rate of histone debiotinylation in the
presence of protease inhibitors was not caused by inhi-
bition of biotinidase, based on the following line of evi-
dence. Addition of protease inhibitor cocktail (1 pL) to
plasma (100 pL) did not affect biotinidase activity:
24 £ 2.0 units/L (plasma with protease inhibitors) versus
20+ 1.1 units/L (plasma without inhibitors; P > 0.05).
Note that biotinidase activity was measured using N-D-
biotinyl-p-aminobenzoic acid as substrate, i. e., the clas-
sical analysis procedure was used.

Finally, we quantified the activity of debiotinylating
enzyme in biological samples from a group of healthy
individuals in order to provide some information about
interindividual variation. Plasma from six apparently
healthy individuals (four women/two men; one African-
American, one Asian, four Caucasians) was collected
and debiotinylating activity was determined as de-
scribed above. Incubation of biotinylated histones with
plasma for 3 min at 37 °C caused a decrease of ab-
sorbance at 450 nm from 1.09+0.12 (Tris control) to
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Fig.4 Debiotinylation of histone H1 is decreased in the presence of protease in-
hibitors. Biotinylated histone H1 was incubated either with buffer (enzyme-free
control), plasma, or plasma containing protease inhibitors. #® Significantly differ-
ent from control and inhibitor-free plasma (* P < 0.01 versus control; ® P < 0.05 ver-
sus inhibitor-free plasma; n = 6 repeats using the same plasma sample).
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0.64+0.08 (plasma); mean (+SD) decrease of ab-
sorbance was 0.45+0.13 (range: 0.29 to 0.62). In addi-
tion, debiotinylating activity was measured in lympho-
cytes from five apparently healthy individuals (four
women/one man; four Caucasians, one Hispanic). Incu-
bation of biotinylated histones with lysed lymphocytes
for 3 min at 37 °C caused a decrease of absorbance at
450nm from 0.98+0.06 (Tris control) to 0.77 £0.04
(lymphocytes); mean (+SD) decrease of absorbance
was 0.22 +0.08 (range: 0.16 to 0.35). These observations
suggest that interindividual variation in healthy subjects
is moderate.

Discussion

The study described here provides evidence that human
plasma and cells contain an enzyme that catalyzes debi-
otinylation of histones. The following lines of evidence
suggest that this enzyme is identical with biotinidase: (i)
Debiotinylation of histone H1 is significantly reduced in
biotinidase-deficient plasma; (ii) biotinidase has a
broad substrate specificity with regard to its debiotiny-
lating activity: biotinidase debiotinylates naturally oc-
curring compounds as well as synthetic compounds
such as biotinyl-e-lysine, N-D-biotinyl-p-aminobenzoic
acid, and biotinyl peptides [10, 20]. Moreover, bio-
tinidase also hydrolyzes some substrates that do not
contain biotin such as B-naphthylacetate and lipoyl-e-
lysine [17, 20]. Notwithstanding the important role of
biotinidase as a debiotinylating enzyme, we cannot rule
out the possibility that proteases also account for some
hydrolysis of biotinylated histones, based on our exper-
iments with protease inhibitors.

Previous studies and the present study are consistent
with the hypothesis that biotinidase has activity to cat-
alyze both biotinylation of histones [9] and debiotinyla-
tion of histones. Theoretically, biotinylation of histones
might be a side product from the hydrolysis of biocytin
in cells. If this were the case, cells would probably seek
rapid hydrolysis of biotinylated histones in order to re-
store the biotin-free status of histones. Alternatively, bi-
otinylation of histones might be a mechanism by which
cells regulate processes such as transcription of DNA.
Previous studies in our laboratory provided evidence
that human cells respond to proliferation with increased
biotinylation of histones, suggesting a physiologic role
for biotinylation of histones [12].

If biotinylation of histones were an important mech-
anism to regulate cellular processes, how would cells
regulate biotinylation status of histones despite the fact
that both biotinylation and debiotinylation of histones
are catalyzed by the same enzyme? We offer the follow-
ing explanations: (i) Enzymes other than biotinidase
might also catalyze biotinylation or debiotinylation of
histones. For example, holocarboxylase synthetase (E. C.
6.3.4.10) catalyzes covalent binding of biotin to €-amino
groups of lysine residues in four mammalian carboxy-
lases [21]. The possibility that holocarboxylase syn-
thetase catalyzes binding of biotin to histones is an
untested hypothesis.

(ii) Covalent modification of biotinidase might be a
mechanism to favor either biotinylation or debiotinyla-
tion of histones. Currently, glycosylation is the only
posttranslational modification of biotinidase that has
been identified [22].

(iii) The presence of cofactors might favor either bi-
otinylation or debiotinylation of histones. For example,
high concentrations of the substrate biocytin may in-
crease the rate of histone biotinylation. Similarly, bi-
otinylated peptides might inhibit debiotinylation of his-
tones by competing for binding to biotinidase. In
contrast, the optimum pH is similar (pH 8) for both the
biotinylating activity [9] and the debiotinylating activ-
ity of biotinidase. Thus, changes of the pH in the mi-
croenvironment of histones should not affect biotinyla-
tion status.

In conclusion, this study provides strong evidence
that human cells and body fluids contain an enzyme
(probably biotinidase) that catalyzes debiotinylation of
histones. There is still great uncertainty as to whether
this enzyme is important for regulation of biotinylation
status of histones. Nevertheless, the existence of the de-
biotinylating enzyme suggests that the biotinylation sta-
tus of histones might be physiologically significant,e. g.,
to regulate transcriptional activity of DNA. Alterna-
tively, the debiotinylating enzyme might be important to
rapidly eliminate a side product derived from hydrolysis
of biocytin (biotinylated histones) in order to avoid de-
rangement of normal metabolism of histones.

Acknowledgments This work was supported by NIH grant DK
60447 and the United States Department of Agriculture/National Re-
search Initiative Competitive Grants Program project award
2001-35200-10187. A contribution of the University of Nebraska
Agricultural Research Division, Lincoln, NE 68583. Journal Series
No. 13424.



84

References

Wolffe A (1998) Chromatin. 3™ ed. Aca-
demic Press, San Diego, CA

Ausio ], van Holde KE (1986) Histone
hyperacetylation: its effect on nucleo-
some conformation and stability. Bio-
chemistry 25:1421-1428

Hebbes TR, Thorne AW, Crane-Robin-
son C (1988) A direct link between core
histone acetylation and transcription-
ally active chromatin. EMBO ] 7:
1395-1402

Lee DY, Hayes JJ, Pruss D, Wolffe AP
(1993) A positive role for histone acety-
lation in transcription factor access to
nucleosomal DNA Cell 72:73-84

Pham A-D, Sauer F (2000) Ubiquitin-
activating/conjugating  activity  of
TAFII250, a mediator of activation of
gene expression in Drosophila. Science
289:2357-2360

Chambon P, Weill JD, Doly J, Strosser
MT, Mandel P (1966) On the formation
of a novel adenylic compound by enzy-
matic extracts of liver nuclei. Biochem
Biophys Res Commun 25:638-643
Boulikas T (1988) At least 60 ADP-ribo-
sylated variant histones are present in
nuclei from dimethylsulfate-treated
and untreated cells. EMBO ] 7:57-67
Boulikas T, Bastin B, Boulikas P, Dupuis
G (1990) Increase in histone poly(ADP-
ribosylation) in mitogen-activated
lymphoid cells. Exp Cell Res 187:77-84

European Journal of Nutrition, Vol. 41, Number 2 (2002)

© Steinkopff Verlag 2002

10.

11.

12.

13.

14.

15.

Hymes J, Fleischhauer K, Wolf B (1995)
Biotinylation of histones by human
serum biotinidase: assessment of bi-
otinyl-transferase activity in sera from
normal individuals and children with
biotinidase deficiency. Biochem Mol
Med 56:76-83

Wolf B,Heard GS (1991) Biotinidase de-
ficiency. In: Barness L, Oski F (eds) Ad-
vances in Pediatrics. Medical Book Pub-
lishers, Chicago, pp 1-21

Hymes J, Wolf B (1999) Human bio-
tinidase isn’t just for recycling biotin. J
Nutr 129:4855-489S

Stanley JS, Griffin JB, Zempleni J (2001)
Biotinylation of histones in human
cells: effects of cell proliferation. Eur J
Biochem 268:5424-5429

Zempleni ], Mock DM (1998) Uptake
and metabolism of biotin by human pe-
ripheral blood mononuclear cells. Am J
Physiol Cell Physiol 275:C382-C388
Hermanson GT (1996) Bioconjugate
Techniques. Academic Press, San Diego,
CA

Knappe J, Brimmer W, Biederbick K
(1963) Reinigung und Eigenschaften
der Biotinidase aus Schweinenieren
und Lactobacillus Casei. Biochem Z
338:599-613

16.

17.

18.

19.

20.

21.

22.

Backman-Gullers B, Hannestad U,
Nilsson L, S6rbo B (1990) Studies on
lipoamidase: characterization of the
enzyme in human serum and breast
milk. Clin Chim Acta 191:49-60
Nilsson L, Ronge E (1992) Lipoamidase
and biotinidase deficiency: Evidence
that lipoamidase and biotinidase are
the same enzyme in human serum. Eur
J Clin Chem Clin Biochem 30:119-126
Wolf B, Grier RE, Allen R], Goodman SI,
Kien CL (1983) Biotinidase deficiency:
An enzymatic defect in late-onset mul-
tiple carboxylase deficiency. Clin Chim
Acta 131:273-281

SAS Institute (1999) StatView Refer-
ence. 3th ed. SAS Publishing, Cary, NC
Pispa J (1965) Animal biotinidase. Ann
Med Exp Biol Fenniae 43:4-39
Zempleni ] (2001) Biotin. In: Bowman
BA, Russell RM (eds) Present Knowl-
edge in Nutrition. 8" ed. ILSI Press,
Washington, DC, pp 241-252

Cole H, Reynolds TR, Lockyer JM, Buck
GA, Denson T, Spence JE, Hymes J, Wolf
B (1994) Human serum biotinidase
cDNA cloning, sequence, and charac-
terization. ] Biol Chem 269:6566-6570



