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Abstract

In mammals, biotin, well known for its role as the cofactor of carboxylases, also controls the expression not only of proteins involved in

this function, but also of a large number and variety of other different proteins. As a first step towards looking for a rationale for these

phenomena, we intend to compare these regulatory functions of biotin between the rat and the much less evolutionized eukaryote,

Saccharomyces cerevisiae. Thus far, we have measured growth in yeast cultured on different concentrations of biotin to choose the

experimental conditions to be used (2, 200 and 2000 AM) and have found that a band corresponding to the biotinylated S. cerevisiae Arc1p

protein appears at streptavidin Western blots at a biotin concentration above 2000 AM, its density increasing with higher biotin amounts. We

will now study changes in yeast transcriptome with these varying concentrations and compare them with changes observed in the rat.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

For a long time it was considered that the only function

of mammalian biotin was as a prosthetic group of

carboxylases [1], whereas in prokaryotes an additional role

as coregulator of the bio operon was recognized [2,3].

Recently, we discovered that biotin regulates the amount of

holocarboxylase synthetase mRNA in various rat’s organs,

as well as the protein amounts (masses) of the mitochon-

drial carboxylases [4], findings that were corroborated by

Solorzano-Vargas et al. [5] in human cell lines.
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More enigmatic are the effects of biotin on the

expression of hundreds of mammalian genes and proteins

seemingly unrelated among themselves, and to the pro-

cesses involved in carboxylation [6,7]. Some of them are

very important in carbohydrate metabolism, especially

inducing glucokinase (GLK) [8–11] and repressing phos-

phoenolpyruvate carboxykinase (PEPCK) [12], effects

mediated by soluble guanylate cyclase (sGC) and cGMP

[13] at transcription.

It has been reported that biotin binds covalently to

histones [14–17] and that the degree of histone biotinylation

correlates with functional cellular activities, such as cell

proliferation, gene silencing and the cellular response to

DNA damage [16,18]. This may be an epigenetic mecha-

nism by which biotin exerts its regulatory functions,

intervening in the remodelation of chromatin.

It seems unlikely that this enormously wide range of

proteins being controlled by biotin is restricted to the

mammalian phylum. Given the dynamics of histone

biotinylation [18], it is plausible that the diversification of

regulatory targets for biotin might have been associated with

the emergence and evolution of eukaryotes, i.e., with the

origin of chromatin and histones. Thus, we are interested in
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Fig. 1. Growth curves of S. cerevisiae strain BY4741 in minimal

medium with glucose as the carbon source and different biotin concen-

trations. Biotin concentrations were as follows: !, 0; n, 0.2 AM; E, 2 AM;

z, 20 AM; o, 200 AM; 5, 2000 AM; and 4, 20000 AM. For details see

Materials and methods.
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looking for these phenomena in the simple eukaryote

S. cerevisiae. There are many examples of functions present

in yeast that have been conserved up to humans, and their

comparisons have proven valuable to identify and under-

stand basic biological mechanisms. The general structure of

chromatin has been found to be very similar in all

eukaryotes. Assuming that histone biotinylation is a

principal mechanism mediating the regulatory actions of

biotin [18], it may have been incorporated early in evolution

into the control of chromatin.

We initialized a project to study whether there are similar

regulatory effects of biotin in S. cerevisiae. Thus far, we

determined whether biotin concentrations in culture media

affect growth rates and protein biotinylation. With this

information, we will later choose the best biotin amounts to

use for the identification of those transcripts that might be

substantially changed.
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ig. 2. Degree of biotinylation of S. cerevisiae Arc1p protein (MW 45 kDa)

s a measure of the biotin status of the cells. Lane 1, molecular weight

andard; lane 2, 2 AM biotin; lane 3, 20 AM biotin; lane 4, 200 AM biotin;

lane 5, 2000 AM biotin; and lane 6, 20000 AM biotin.
2. Materials and methods

2.1. Reagents and chemicals

Nitroblue tetrazolium chloride, BCIP, streptavidin-

alkaline phosphatase conjugate and biotinylated sodium

dodecyl sulfate (SDS)–polyacrylamide gel electrophoresis

high-range standards were purchased from Bio-Rad

(Mexico City, Mexico). Complete protease inhibitors were

purchased from Roche Molecular Biochemicals (Mexico

City, Mexico).

2.2. Yeast strains and media

The S. cerevisiae strain used in this study was BY4741

(Mat a: his3D1; leu2D0; met15D0; ura3D0). Yeast cells

were grown routinely in YPD medium (1% Bacto-yeast

extract, 2% Bacto-peptone and 2% glucose). For the growth
experiments, biotin-free minimal medium was prepared

according to the Difco manual, and different amounts of

biotin were added to it for each vitamin concentration. Both

the yeast strain and the vitamins were a gift from Dr. Alicia

Gonzáles (Instituto de Fisiologı́a Celular, UNAM, Mexico).

Amino acids were purchased from Sigma.

2.3. Growth experiments

Precultures were prepared by inoculating a small amount

of yeast cells into 100 ml minimal medium in an Erlenmeyer

flask, which was agitated at 250 rpm at 308C for 24 h [19].

Cells were inoculated at an OD540 nm of 0.03, into 100 ml

minimal medium with glucose (fermentation conditions) or

lactate (respiration conditions) as carbon sources, and

containing biotin at 0, 0.2, 2, 20, 200, 2000 and 20000 AM.

Results were obtained at every hour using a Klett-

Summerson spectrophotometer.

2.4. Biotinylated protein determination

S. cerevisiae cells were grown to mid-logarithmic phase

in minimal medium with different biotin concentrations.

Harvested cells were broken using a Braun cell homoge-

nizer and 0.45-mm-diameter glass beads, as reported

previously [20] in a cell lysis buffer containing 100 mM

Tris–HCl, 10 mM KCl, 8% glycerol, 1 mM DTT, 1 mM

PMSF, pH 7.8 [21]. Homogenates were centrifuged

(27000�g, 10 min), the supernatant was again centrifuged

(154000�g, 30 min) and the new supernant was assayed by

SDS-PAGE and Western blotting with streptavidin–horse-

radish–peroxidase conjugate (Amersham Biosciences) as

described before [22].
3. Results and perspectives

Fig. 1 shows the growth response to different biotin

concentrations when the carbon source was glucose; yeast

grew slower when lactate was the carbon source (results not

shown). There was some growth at biotin concentrations as

low as 0.02 AM. No further growth was observed above

2000 AM. Therefore, we plan to use 2 AM as a biotin-
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deficient medium, 200 AM as the bphysiologicQ concentra-
tion and 20000 AM as an excessive concentration. We

determined the degree of biotinylation of S. cerevisiae Arc1p

protein [23] by means of streptavidin blots, as a measure of

the biotin status of the cells. As can be seen in Fig. 2, the

band corresponding to this protein (MW 45 kDa) appears at a

biotin concentration above 200 AM, and its density increases

with higher biotin amounts. We will next study changes in

yeast transcriptome with these varying concentrations and

compare them with changes observed in the rat.
References

[1] Wolf B. Disorders of biotin metabolism. In: Scriver C, Beaudet AL,

Sly WS, Vogelstein B, Kinzler KW, Valle D, et al., editors. The

metabolic and molecular bases of inherited disease. 8th ed. New York7

McGraw-Hill; 2001. p. 3935–62.

[2] Beckett D, Mathews BW. Escherichia coli repressor of biotin

biosynthesis. Methods Enzymol 1997;279:362–76.

[3] Brown PH, Cronan JE, Grotli M, Beckett D. The biotin repressor:

modulation of allostery by corepressor analogs. J Mol Biol 2004;337:

857–69.

[4] Rodriguez-Melendez R, Cano S, Mendez ST, Velazquez A. Biotin

regulates the genetic expression of holocarboxylase synthetase and

mitochondrial carboxylases in rats. J Nutr 2001;131:1909–13.

[5] Solorzano-Vargas RS, Pacheco-Alvarez D, Leon-Del-Rio A. Holo-

carboxylase synthetase is an obligate participant in biotin-mediated

regulation of its own expression and of biotin-dependent carboxylases

mRNA levels in human cells. Proc Natl Acad Sci U S A 2002;99:

5325–30.

[6] Dakshinamurti K. Vitamin receptors: vitamins as ligands in cell

communication. Cambridge7 Cambridge Univ Press; 1994.

[7] Rodriguez-Melendez R, Zempleni J. Regulation of gene expression by

biotin. J Nutr Biochem 2003;14:680–90.

[8] Dakshinamurti K, Cheah-Tan C. Biotin-mediated synthesis of hepatic

glucokinase in the rat. Arch Biochem Biophys 1968;127:17–21.

[9] Chauhan J, Dakshinamurti K. Transcriptional regulation of the

glucokinase gene by biotin in starved rats. J Biol Chem 1991;

266:10035–8.

[10] Romero-Navarro G, Cabrera-Valladares G, German MS, Matschinsky

FM, Velazquez A, Wang J, et al. Biotin regulation of pancreatic

glucokinase and insulin in primary cultured rat islets and in biotin-

deficient rats. Endocrinology 1999;140:4595–600.
[11] Fernandez-Mejia C. Regulation of glucokinase by vitamins and

hormones. In: Matschinsky FM, Magnuson MA, editors. Glucokinase

and glycemic disease: from basics to novel therapeutics. Front

diabetes. Basel7 Karger; 2004. p. 240–8.

[12] Dakshinamurti K, Li W. Transcriptional regulation of liver phospho-

enolpyruvate carboxykinase by biotin in diabetic rats. Mol Cell

Biochem 1994;132:127–32.

[13] Spence JT, Koudelka AP. Effects of biotin upon the intracellular level

of cGMP and the activity of glucokinase in cultured rat hepatocytes.

J Biol Chem 1984;259:6393–6.

[14] Hymes J, Fleischhauer K, Wolf B. Biotinylation of histones by human

serum biotinidase: assessment of biotinyl-transferase activity in sera

from normal individuals and children with biotinidase deficiency.

Biochem Mol Med 1995;56:76–83.

[15] Zempleni J, Mock DM. Chemical synthesis of biotinylated histones

and analysis by sodium dodecyl sulfate–polyacrylamide gel electro-

phoresis/streptavidin-peroxidase. Arch Biochem Biophys 1999;371:

83–8.

[16] Stanley JS, Griffin JB, Zempleni J. Biotinylation of histones in human

cells. Effects of cell proliferation. Eur J Biochem 2001;268:5424–9.

[17] Narang MA, Dumas R, Ayer LM, Gravel RA. Reduced histone

biotinylation in multiple carboxylase deficiency patients: a nuclear

role for holocarboxylase synthetase. Hum Mol Genet 2004;13:15–23.

[18] Kothapalli N, Camporeale G, Kueh A, Chew YC, Oommen AM,

Griffin JB, et al. Biological functions of biotinylated histones. J Nutr

Biochem 2005 [in press].

[19] Sherman F. Getting started with yeast. In: Guthrie C, Fink GR, editors.

Guide to yeast genetics and molecular and cell biology, part A.

Amsterdam7 Elsevier; 2004. p. 3–21.
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