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Introduction

Zinc is an essential trace element with a large number of health related functions. It is a
cofactor in numerous enzymes and various metabolic pathways, plays a role in hormone
secretion and participates in immune functions. In turn, zinc deficiency causes anorexia,
growth retardation, skin lesions, disturbed immune response and altered taste perception
[1/2]. Besides its catalytic and structural functions, zinc plays also a role in regulation of
gene expression. Whereas the symptoms of severe zinc deficiency in mammals are well
known, a reliable diagnosis of a marginal zinc-supply is still not possible [3]. We have
therefore explored whether characteristic changes in gene expression can serve as
potential biomarkers in the assessment of the body zinc status. As a starting point we
analysed the global changes in gene expression in selective zinc deficiency [4/5] in rats
force fed with a zinc-deficient diet. Gene expression profiles have been determined for liver
tissue of zinc-adequate (Zn+) and zinc-deficient (Zn-) rats by use of two different array
systems (Fig. 1).
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Fig. 1: (A) cDNA-Array: Atlas ™ Rat 1.2 Array (B) Oligonucleotidearray: Pan ® Rat Liver Array

S Methods

Generation of zinc-deficiency in-vivo and RNA-isolation. 24 male Sprague-Dawley rats
(=121 g) were divided into 2 groups of 12 rats each. All rats were force-fed a
semisynthetic diet (AIN 93G) by intragastric tube four times per day. The control diet
contained 25 mg Zn/kg diet, the depletion diet 1.3 mg Zn/kg. At day 11 of the experiment all
rats were killed by decapitation after a light anesthesia with diethyl ether. Blood for
biochemical analyses was collected into heparinised tubes. Samples of tissues of interest
were collected, shock-frozen in liquid nitrogen and stored at —80 °C for RNA isolation. Total
RNA was isolated from liver for both types of arrays using modified single-step guanidium
thiocyanat / acidic phenol / chloroform extraction methods.

Processing of cDNA- und oligonucleotide-arrays. For screening of differentially
expressed genes in zinc deficiency cDNA-Nylon-Arrays Atlas™ Rat 1.2 Arrays
(CLONTECH, Palo Alto) with 1176 single spotted cDNAs and Pan® Rat Liver
oligonucleotidarrays with 1353 gene specific 50mer oligonucleotides (MWG Biotech,
Ebersberg) on glass slides were employed. In both cases synthesis of gene specific [o.- 3°P]-
labeled resp. fluorescence-labeled (Cy3/Cy5) cDNA-probes was performed according to the
manufacturers protocols. Four cDNA membranes for each dietary condition were separately
but synchronously hybridized with the [o- 3°P]-labeled cDNA-probes. Hybridisation at 68 °C
was allowed to proceed for 18 h, after which the membranes were washed and exposed to
the phosphor imager screen for 96 h. Quantitative analysis after densitometric measurement
of gene and array specific parameters was carried out by comparison of signal intensities of
spots from zinc-adequate and zinc deficient states. The normalisation procedure included
the reference to intensities of control genes as well as the sum of the intensities method. For
oligonucleotide-arrays, the hybridisation of Cy5/Cy3-probe mixtures was carried out for 20 h
at 42 °C in hybridisation chambers on 4 different slides. After the following washes the
arrays were scanned (Affymetrix® 428™ Array Scanner) under dried conditions. ImaGene™
4.2-Software (BioDiscovery, Inc.) was utilized for quantitative analysis. If signal intensities
ratios Zn-/Zn+ differed by factors of 1.8 or 0.5, genes were considered as ,zinc-dependent”.

Conformation of expression changes by Northernblot and quantitative Real-Time RT-
PCR. An independent conformation of differential expression of select array-identified
candidate genes was performed by the Northern capillary blotting method. PCR-products
from ORF’s of genes to be verified served as templates for [o- 32P]-probe synthesis.
Additionally some genes were proved by Real-Time RT-PCR (LightCycler, Roche). Based
on sequence information provided by CLONTECH gene specific primers were synthesized.
For online-detection during Real-Time-PCR-analysis the intercalating dye SYBR-Green was
used. Melting curve and native gel electrophoresis served for characterisation of final
products.

- Results |

The selective zinc-deficiency could be established by the lowered serum zinc concentration,
reduced activity of serum alkaline phosphatase and increased mRNA levels of the marker
gene metallothionein in liver tissue (Fig. 2).
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Fig. 2: (A) Serum zinc concentration (B) Activity of serum-AP (C) Weight gain (D) Metallothionein 1

mRNA-levels in zinc-adequate and zinc-deficient rats

Results Il
By use of cDNA-arrays and oligonucleotide-arrays 62 ,zinc-dependent* genes could be
identified. For 31 selected genes an independent conformation of altered mRNA-levels
was performed by northern blotting. The differential expression of 23 genes was
independently confirmed whereas for 5 genes no confirmation was possible. Transcripts of
the residual 3 genes were below the level of detection by northern blot analysis. Additional 5
genes identified were reexamined by Real-Time RT-PCR. Table 1 lists the top ranking
genes from which 42 were down-regulated and 22 showed upregulation and the proposed
functions of the corresponding proteins. Northern blot analysis and quantitative PCR
confirmed 84 % of the cDNA array-generated data and 89 % of those obtained by the
oligonucleotide-arrays. Fig. 3 shows selected findings from the northern blot analysis.

Table 1: Zn-dependent changes in gene expression in rat liver ( * = Atlas ™ Rat 1.2 Array,
** = Pan ® Rat Liver Array; @ = Northern Blot, ® = quantitative Real-Time RT-PCR)

i Gene GenBank Acc.# A fold o deficiency Venlfication  Function
Lipid metabalism
Fhoato thioksse scykCod WE2E01 * 207 Falty aced degradation
deilal, deita3 eyt Cod lismense 000729 = 182 x werifed®  Fatty acid degradation
i Cartanylestorase AF1TIB40 = ATEx varified *  Falty acid degradation
ATP.citrt lyase LEN0 = 29x Fatty acid syrthesis
i Glycarod kinage ez 161 x veribed *  Fally scsd syrthesss
[ UBas2g 2E3x Faity aced uptake
Lysophosphobpase D3585 * 345 Phosphohped degradation
| Colipase precursor MEB370 * 256 x verified  __ Triglyceride degradation
Protein metsholism
Ubiquitin-ike protein AF5T40 = 179x rvarted *  Protein degradation
Acyl-peptide hydrolase T c R 5% veribed *  Protein degradation
Serine dehydratase Y0752 = B verifed *  Aming stad degradation
§ Cytesclic aspanate D00252 ** A 56 x verified®  Transamination
Energy tumaver
51 of FOF1-ATP Syrthase [k i 18y veribed *  ATP synthesis
Alcohol dehydrogensse A SU MI5327 * 8- H veribed*  Eshanol oxsdation
S-arvanaevubnabe sythase J3190 = 227 verified*  Porphyring synthesis
| Cendoplasmin 33080 * 20 x Fe{l) oxidation
similse NADPH Ubiguinone - 171 Edectron transfer
Yenabiotic metabolism | stress response
| cypaa ocus, cytocteome P.450 (viAT) M * 203 werifed®  Phase | enzyme
NADFH-cytochromse PAS0 reductase MI2516 203 veribed > Fhase | enzyme
] Cytocheoene P-450 2023 55485 " A75% Phase | enzymne
Liver aldehyde oxiduss AF1I04TT = A5 verified *  Nemobiotic metabolism
Metallothionein-1 und-2 M7 = 425« wverified*  Saress response
AP endorusclease D44495* 176x DA repair
| Gtathione S-transfarase subemit § theta VETE54 ¢ 3B x Dwtoiication (ROS)
similae ghsthions transforase = 218x Dt ROS)
Harmaon metabalism
Ingubn-like growth fhctor binding peotein, comepl. acid-labdie 510 546785 Adx vardad * Growth
Ingulb-like growth factes bindeg peotein 1 MEaTe1 " -250% veribed *®  Growth
Ingulinelike growth factor binding peotein 2 J04486 233 verifed > Growth
Epidermal growth factor recegtor MG A82x werified " Growth
Hapatic product spot 14 kD934 = M8 warifed * Thiyroad sevpweer
Naurcpeptade ¥ 182 verifed > Newopeptide
Interleukin 2 A x Aaittks. geowth factor
Trafficking / signal tramsduction
Syntaxin 4 203x verified®  Trafficking
Epimorphin, Syntaxin 2 278 x Traficking
Braan fatty acsd-banding proten 276 x Trafficking
4 Synapsin 1 303x veribed *  Traficking
Rag-redabed protein 207 Sagnal trantuction
PV purimeecepton | A Sagnal transduction
| & protein coupled recuptor 270x Sugral transduction
Prostaghandin F2 alpha-receptor 186 x Sagnal transduttion
i B2 beadyimin recepter 234 x Sagnal ransduction
| Cathapsin H 182 Intracel. signal peptidase
Arrestin D - <200 x warified **  Receptor activity regulator
Others
Transcriptional repressor NAB1 nmras3= Afdx Transcriptional control
i Galactose-1-phosphate uridyl transferase L5541 = 167 x Cabohydrate metabolsm
f Piasma proteimasa inhibitor alpha-1-inhititee I8 T 196x Acute phase probein
[ fvohage gated K+ channsl protein Ws9a80 * 33 Excitation signal conduction
|4 Steryt-suiatase [Tenle i 1Bl x Sxeroid homan activator
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Fig. 3: Conformation of identified genes by northern blot-analysis (total-RNA from liver tissue of

zinc- adequate and zinc-deficient rats (10 pg/Lane) )

Summary & Conclusions

For identification of ,zinc-dependent* genes in-vivo a selective zinc-deficiency was
established in rats. Changes in mRNA-expression in liver tissue were investigated using
DNA-Array technology. 62 candidate genes with altered mRNA-levels could be identified.
The zinc-dependent modulation of gene expression was verified for 23 genes by northern
blot analysis and/or Real-Time RT-PCR. The corresponding gene products play a role in
metabolism of lipids, proteins, hormones and xenobiotics as well as in stress response,
trafficking, signal transduction and energy turnover. Corresponding to previous observations
on growth retardation in zinc deficiency [6] many transcripts identified relate to the growth
hormone and growth factor axis.

In conclusion, the array technology is suitable as a screening system for identifying a limited
number of possibly regulated genes, but independent methods have to be employed
additionally for verification and quantitation of the effects.
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