
xii 

 

 
 

 

LIST OF FIGURES 

Figure 2.1. (A) The tetracyclic ergoline ring common to all ergot alkaloids that is 

variously substituted on the C-8 which in this case has an amino acid ring system that 

varies at the R1 and R2 substituents to create the various ergopeptine alkaloids. (B) The 

structural similarities between the ergoline ring and the catecholamines norepinephrine, 

dopamine, and serotonin (in bold) (Klotz, 2015). ............................................................. 45 

Figure 2.2 Chemical structures of the common ergoline ring structure, lysergic acid, and 

selected ergopeptines ........................................................................................................ 46 

Figure 2.3. Diagram of the human and rat PRL promoters, the PRL gene, and the human 

mRNA transcript ............................................................................................................... 47 

Figure 2.4. The predominant signal transduction pathway of prolactin ........................... 49 

Figure 2.5. Horizontal view of pituitary emphasizing distribution and percentage of 

anterior pituitary cell subtypes .......................................................................................... 50 

Figure 2.6. Short-loop feedback mechanism of prolactin regulation ................................ 51 

Figure 2.7. Gene structure and post-translational processing of POMC .......................... 52 

Figure 2.8. Initial metabolism of the principal dietary forms of selenium ....................... 53 

Figure 2.9. Factors essential for selenoprotein synthesis .................................................. 54 

Figure 2.10. The human selenoproteome .......................................................................... 55 

Figure 2.11. Scheme of oxidoreductase activities of the thioredoxin system ................... 56 

Figure 2.12. Metabolism of thyroid hormone thyroxine (T4) by the types 1, 2, and 3 

deiodinases (DIO1, DIO2, DIO3) ..................................................................................... 57 

Figure 4.1. Canonical pathway network analysis ........................................................... 140 











 

213 

 

 

Figure 5.4. Correlation between microarray chips based on intensity values. 

 

 

  



 

214 

 

RPS11: 

AAGATGGCGGACATTCAGACAGAACGTGCGTACCAAAAGCAACCGACCATC

TTTCAAAATAAAAAGAGGGTCCTGCTTGGAGAAACTGGCAAAGAAAAGCTCC

CTCGATACTACAAGAACATTGGTCTGGGCTTCAAGACTCCAAAGGAGGCCAT

CGAGGGCACCTACATTGACAAGAAATGCCCTTTTACGGGTAATGTCTCATTCG

AGGGC 

TFRC: 

CCAGGTTTAGTCTGGCTCGGCAAGTAGATGGTGATAACAGTCATGTGGAGAT

GAAATTAGCTGCAGATGAAGAAGAANAATGTTGACAGTAACATGAGGGGCA

ACCAAACCAGTATCGCAAAACCGAAAAGGTTAAATGGATATGTCTGCTACGG

GATCATTGCTGTAATCGTCTTTTTCTTGATTGGATTTATGATTGGCTACTTGGG

CTATTGTAGACGTGTGGAATCACAAGATTGTGGGAAAGAGGCAGGAACACA

GCCTTCGTGCCCAGGAGGAGACAGAAACTTTCGAATCAGAAGAGCAACTCCC

TGGAGTACCTCGCATATTCTGGGCAGACC 

UBC: 

TAGGGGTGGGTTAGAGTTCAAGGTTTTTGTTCTACCAGATGTTTTAGTAGTAA

TCTGGAGGTAAGAAATGTCAAGAAAACATGGCCTTAATTAGAACTGTAGTGG

GTGAGTATAAATAAAAAATTTGGAGGTTGTAGTTAGAATTCTCCATATGTAC

ACTCATATGTAGATCTACTTATAAGCTACTGATTTTTAAAAGCACACGTTTGG

GAGTTGTGCTTAAGAGTGGGAAAGTTTCTGGAATACCAGCAGGGAGGT 

DRD2: 

CGACCTTTCTCTGGGGCTTTGGGGCTCTGCGGCTGCGGGGCCAGTATCGAGGC

TCGGAGGCCTGGTTTTCACAGGCCATGCCGGAGCTGGTGGTGGGGAGGAGTG

GACAGTCACAGCCACCCAGGGCCCACACCTGAGAAGCCAGAGCTCTGGCCAC

GACCCCAGGCAGTGTCAAGCCTGGGAGACCCGCGTACACCCCAGGTCTGGAT

GGACCCCAGAGAAGCAGAAGCCCAA 

POU1F1 (Pit-1): 

AGCTGTGCATGGCTCTGAATTCAGTCAAACAACTATCTGCCGATTTGAAAACC

TGCAGCTCAGCTTCAAAAATGCATGCAAACTAAAAGCAATATTATCCAAATG

GCTGGAGGAAGCCGAGCAAGTAGGAGCTTTATACAATGAGAAAGTTGGTGC

AAATGAAAGAAAAAGGAAACGGAGAACAACAATCAGTATTGCTGCTAAAGA

CGCCCTGGAGAGACACTTTGGAGAACAGAATAAGCCTTCCTCTCAGGAGATC

CTGCGGATGGCTGAAGAACTAAACCTGGAGAAAGAAGTGGTGAGGGTTTGGT

TTTGTAACCGAAGGCAGAGAGAAAAACGGGTGAAGACAAGCCT 

PRL: 

AGAACAAGCCCAACAGACCCACCATGAAGTCCTTATGAGCTTGATTCTTGGG

TTGCTGCGCTCCTGGAATGACCCTCTGTATCACCTAGTCACCGAGGTGCGGGG
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TATGAAAGGAGCCCCAGATGCTATCCTATCGAGGGCCATAGAGATTGAGGAA

GAAAACAAACGACTTCTGGAAGGCATGGAGATGATATTTGGCCAGGTTATTC

CGAGCGCCAAAGAGACTGAGCCCTACCCTGTGTGGTCAGGACT 

TRHR: 

GCGATCTGTCACCCCATCAAAGCCCAGTTTCTCTGCACATTTTCCAGAGCCAA

AAAGATAATCATCTTTGTCTGGGCTTTCACATCCATTTACTGTATGCTCTGGTT

CTTCTTGCTGGATCTCAATATTAGCACCTATAAAGATGCTATTGTAGTGTCCT

GTGGCTACAAGATCTCCAGGAATTACTACTCACCTATTTACCTAATGGACTTT

GGTGTCTTTTATGTTGTGCCAATGATCCTAGCCACTGTCCTCTACGGAT 

VIP: 

CTGGTTCAGCTGTAAGGGCAAGAGAACTCGTGAAGACTGTCGACTCCCAGGA

CTTCAACACCTGAGACAGCTCTCATAATCTCAACAGAAAGCTCTCAAAGAAC

ACTATTCGGCAAAGTCCTGCAATGGAAACAAGAAGTAAGCCCCAGCTTCTTG

TGTTCCTGACGCTGTTCAGCGTGCTCTTCTCCCAGACCTTGGCGTGGCCTCTTT

TTGGAGCACCTTCGGCTCTGAGGATGGGGGACAGAATACCATTTGAAGGAGC

GAATGAACCTGATCAAGTTTCGTTAAAAGCAGACACTGACATTTTACAAGAT

GCGCTGGCTGA 

GAL: 

CACCGGTGAAGGAGAAGAGAGGCTGGACCCTGAACAGCGCTGGGTACCTTCT

CGGACCACATGCGCTCGACAGCCACAGGTCATTTCAAGACAAGCATGGCCTC

GCCGGCAAGCGGGAACTCGAGCCTGAAGACGAAGCCCGGCCAGGAAGCTTT

GACAGACCACTGGCGGAGAACAACGTCGTGCGCACGATAATCGAGTTTCTGA

CTTTCCTGCATCTCAAAGACGCC 

 

VEGFA: 

GCAAGAAAATCCCTGTGGGCCTTGCTCAGAGCGGAGAAAGCATTTGTTTGTA

CAAGATCCGCAGACGTGTAAATGTTCCTGCAAAAACACAGACTCGCGTTGCA

AGGCGAGGCAGCTTGAGTTAAACGAACGTACTTGCAGATGTGACAAGCCGAG

GCGGTGAGCCGGGCTGGAGGAAGGAGCCTCCCTCAGGGTTTCGGGAACCAG

ACG 

TGFB1: 

GCGGCCAGATTTGTCCAAGCTTCGGCTCGCCAGCCCCCCGAGCCAGGGGGAT

GTGCCACCCGGCCCGCTGCCCGAGGCCATACTGGCCCTTTACAACAGTACCC

GCGACCGGGTGGCCGGGGAAAGTGCCGAAACGGAGCCTGAGCCAGAGGCGG

ACTACTACGCCAAGGGAGGTCACCCGCGTGCTAAWGGTGGAATACGGCAAC

AAAATCTATGACAAAATGAAGTCTAGCCTCGCACAGC 
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GHRHR: 

CTGTAACAGTCCTGTGTAAGGTTTCTGTGGCCACTTCCCATTTCGCTACCATG

ACCAACTTCAGCTGGCTGCTGGCAGAAGCTGTGTACCTGACCTGCCTCTTAGT

CTCCACATTGCCCAGCACAAGGAGGGTCTTCTGGTGGCTGGTTCTCGCTGCCT

GGGGGCTTCCTCTGCTCTTTACCGGCATGTGGGTGGGTTGCAAGTTGGCCTTC

GAAGAC 

CSH2: 

CCCCATGCTAAGCCCACAATTAACCCAACCAGTCCTGAGATGGTTAGTGATG

ATCCATCCCGTCAAAAGCTTCTTTGAGTTTTATAGCTCTTTAATGCATGTTTGG

GTGTAATGGGTCTCATCTGAAACAAAATAAACACAGATTCTGTAGAGATGTC

AAAATCTAAGAAGGAAATTTGTCAATGTCTTTATCTTCATTTAATAGAAAATC

AAAATAAAATCCATCCCTACCTCTGAGAGAAA 

L-PRLR: 

CCATCCTTTCTGCTGTCATCTGTTTGATTATGGTCTGGGCAGTGGCTTTGAAG

GGCTATAGCATGGTGACCTGCATCCTCCCACCAGTTCCAGGGCCAAAAATAA

AAGGATTTGATGTTCATCTGCTGGAGAAGGG 

S-PRLR: 

GCCATCCTTTCTGCTGTCATCTGTTTGATTATGGTCTGGGCAGTGGCTTTGAG

GGCTATAGCATGGTGACCTGCATCCTCCCACCAGTTCCAGGGCCAAAAATAA

AAGGATTTGATGTTCATCTGCTGGAGATATCACAGCCTTCTCGCCT 

POMC: 

AGCTTCCCCCTGACAGAGCCTCAGCCTGCCTGGAAGATGCCGAGACTGTGCA

GCAGTCGTTCGGGCGCCCTGCTGCTGGCCTTGCTGCTTCAGGCCTCCATGGAA

GTGCGTGGTTGGTGCCTGGAGAGCAGCCAGTGTCAGGACCTCACCACGGAAA

GTAACCTGCTGGCGTGCATCCGGGCCTGCAAGCCCGACCTCTCCGCCGAGAC

GCCGGTGTTCCCCGGCAACGGCGACGAGCAGCCGCTGACTGAGAACCCCCGG

AAGTACGTCATGGGCCATTTCCGCTGGGACCGCTTCGGCCGTCGGAATGGTA

GCAG 

PCSK1: 

TGATCGTGTGATATGGGCGGAACAACAGTATGAAAAAGAAAGAAGTAAACG

TTCAGTTCTAAGAGACTCAGCACTAGATCTCTTCAATGATCCGATGTGGAATC

AGCAGTGGTACTTGCAAGATACAAGGATGACTGCAACCCTGCCCAAGCTGGA

TCTCCATGTGATACCTGTTTGGCAAAAAGGCATCACAGGCAAAGGTGTTGTT

ATCACTGTATTGGATGATGGCTTGGAGTGGAATCACACAGACATCTATGCCA

ACTATGATCCGGAGGCC 

PCSK2: 
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TGGTTTTTGCATCTGCTGAGAGACCGGTCTTCACGAATCATTTTCTTGTGGAG

TTGCACAGGGGGRAGAAGGAAGAAGCTCGCCAAGTTGCAGCAGAGCACGGT

TTTGGAGTCCGAAAGCTCCCCTTTGCTGAAGGCCTGTACCATTTTTATCACAA

TGGCCTGGCCAAGGCCAAGAGAAGACGCAGCCTACAGCATCAGCAGCAGCT

GGAGAGAGACCCCAGGGTAAAGAGG 

CPE: 

GCTTAGCTCGGCATACTCATCCTTCAACCCCCCAATGTCGGACCCAGATCGGC

CCCCATGTCGCAAGAATGATGATGACAGCAGCTTTGTAGAAGGAACGACCAA

TGGYGCTGCATGGTACAGCGTGCCTGGAGGAATGCAAGATTTCAATTACCTC

AGCAGCAACTGCTTTGAGATTACTGTGGAGCTTAGCTGTGAAAAGTTTCCACC

TGAAGAGACTTTGAAGAACTAYTGGGAGGATAACAAAAACTCCCTCATTAGC

TACATTCAGCAGATACACCGAGGAGTAAAGGATTTGTCCGAGATCTTCAGGG

TAACCCAATTGCTAACGCCCCCTCTCTGTG 

PAM: 

ACCAACACCGTGTGGAAGTTCACCTCGACCGAAAAAATGGAACATCGATCAG

TTAAGAAGGCTGGCATTGAGGTTCAGGAAATCAAAGAATCCGAGGCAGTTGT

TGAAACCAAAATGGAGAACAAGCCCGCCTCCTCAGAATTtGCAGAAGATACA

AGAGAAACAGAAGCTGGTCAAAGAGCCGGGCTCCGGAGTGCCGGCTGTTCTC

ATTACAACCCTTCTGGTTATTCCTGTGGTTGTCCTGCTGGCCATTGCCTTATTT

ATTCGGTGGAAAAAATCAAGGGCCTTTGGAGATTCTGAAC 

ATP5G1: 

CACCGGGGCACTACTCATTTCTCCTGCTCTGATCCGTTCTTGTACCAGGGGTC

TGATCAGGCCTGTGTCTGCCTCCTTCCTGAGTAGGCCAGAGATCCAATCTGTA

CAGCCTTCCTACAGCAGTGGCCCACTGCAGGTGGCCCGGCGGGAATTCCAGA

CCAGTGTTGTCTCCCGGGACATTGACACAGCGGCCAAGTTTATTGGCGCTGG

GGCTGCCACAGTTGGTGTGGCGGGTTCAGGGGCTGGTATTGGAACAGTGTTT

GGCAGCTTGATCATTGGCTATGCCAGGAACCCGTCTCTGAAGCAGCAGCTCT

CTCCTATGCCATTCTGGGCTTTGCCCTGTCTGAGGCTATGGGGCTCTT 

COX7A2: 

ACTGAGCCAAGATGCTACGGAATCTTCTGGCTCTCCGTCAGATTGCTAAGAG

GACCATAAGTACTTCTTCACGCAGGCAGTTTGAAAATAAGGTTCCAGAGAAA

CAAAAGCTGTTTCAGGAGGATAATGGAATTCCAGTGCATCTGAAGGGTGGGA

TAGCTGATGCCCTCCTGTATAGAGCCACCMTGATTCTTACAGTTGGTGGAAC

GGCATATGCCATGTATGAACTGGCTGTGGCTTCATTCCCAAGAAGCAGGATT

GACTTGAGTTTATCCTCCCAGCAATCAGTTGGGT 

CYB5A: 

AAGACTGCTTTGGTCCAGGGAGAAAGAAGCCACCACTCTTAACTTCAACTGA

CAACCCTTCACCTGAAAATAATCTGAATACACCTATTTTCCTTTCCTCCTACAT
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TAGACACAAAACAAACCATAACTGTTCCATTCTTTGGACTATTGAACTTCTAA

AGTGTGCCTTCTTATTCACCAACTTTGTTTTGCTGTTCCATCACTACATCATTT

GCTTATTGTGGACATGATCTTTTAAAACATACCACCATGCTGAGCTGTC 

FURIN: 

GCATCGAGAAGAACCACCCAGACTTGGCAGGCAATTATGATCCTGGGGCCAG

CTTCGATGTCAATGATCAGGACCCTGACCCCCAGCCCCGGTACACACAGATG

AATGACAACAGGCATGGCACACGGTGTGCAGGAGAGGTGGCTGCGGTGGCC

AACAATGGTGTCTGTGGCGTAGGCGTGGCCTACAATGCCCGAATTGGAGGGG

TGCGCATGCTGGATGGCGAAGTGACAGATGCCGTGGAG 

GPX4: 

GATCAAAGAGTTCGCCGCTGGCTATAACGTCAAATTCGATTTGTTCAGCAAG

ATCTGTGTAAATGGGGACGACGCCCACCCTCTGTGGAAATGGATGAAAGTCC

AGCCCAAGGGGAGAGGCATGCTGGGAAACGCCATCAAATGGAACTTCACCA

AGTTCCTCATTGACAAGAACGGCTGTGTGGTGAAGCGGTATGG 

LRRK2: 

AGGAATCCGATGCTTTGGCAAAACTTCGGAAAACCATCATCAATGAGAGCCT

TAATTTCAAGATCCGAGATCAGCCTGTTGTTGGGGCAGCTGATTCCAGACTGC

TACGTAGAACTTGAGAAAATCATTTTATCAGAGCGTAAAAATGTGCCAATTG

AATTTCCTGTAATTGACCGGAAACGATTATTACAACTTGTGAGAGAACATCA

GCTGCAGTTAGATGAAAATGAGCTTCCTCATGCAGTTCACTTTCTAAATGAAT

CAGGGGTCCTTCTTCATTTTCAAGACCCAGCATTGCAGT 

NDUFA2: 

CGTATCCATTTGTGCCAGCGCTCGCCCGGCAGCCAGGGCGTCAGGGACTTCA

TTGAGAAACGCTATGTGGAGCTGAAGAAAGCGAATCCCGACCTGCCCATCCT

AATCCGCGAGTGCTCGGATGTGCAGCCCAAGCTCTGGGCCCGCTACGCATTT

GGCCAAGAGAAGAATGTCTCTCTGAACAATTTCAGTGCTGATCAGGTAACTA

GAGCCCTGGAGAACGT 

PSENEN: 

GCGTGGTTGTTTGTGATCCTTGGATCTGTCACTTAGGGTCAGGACTTGGGTCT

TGCCCCAGACCCTCGGAAGACCGGCCCCAGCGCAACTATGAACTTGGAGCGG

GTGTCCAACGAAGAGAAGTTGAACCTCTGCCGGAAGTACTACCTGGGTGGGT

TTGCCTTCCTGCCTTTTCTCTGGTTGGTCAACATTTTCTGGTTCTTCCGAGAGG

CCTTCATTGTCCCGGCATACACGGAGCAGAGCCAAATCAA 

SDHB: 

AGAGACGACTTCACGGAGGAGCGCCTGGCCAAGCTGCAGGACMCCTTCTCTC

TCTACCGCTGCCACACCATCATGAACTGCACGCAGACCTGCCCCAAGGGGCT

GAATCCTGGGAAAGCTATTGCTGAAATCAAGAAGATGATGGCAACCTATAAA
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GAGAAGCAGGCTTCTGCTTAACTGCCGTGCTCAGCCTGACTGGAGCCGGCTC

AGAATGCAGTTCACCCCTGAGTTCCTTCAG 

CAT: 

CTATCCTGACACTCACCGCCACCGCCTGGGACCCAACTATCTCCAGATACCTG

TGAACTGTCCCTACCGTGCTCGAGTGGCCAACTACCAGCGTGACGGCCCCAT

GTGCATGATGGACAATCAGGGTGGGGCTCCAAATTACTACCCCAATAGCTTT

AGTGCTCCCGAGCATCAGCCTTCTGCCCTGGAACACAGGACCCACTTCTCTGG

GGATGTACAGCGCTCAACAGTGCCAACGATGACAATGTCACTCAGGTGCGGA

CTTTC 

SOD1: 

TTGGAGACCTGGGCAATGTGACAGCTGACAAAAACGGTGTTGCCATCGTGGA

TATTGTAGATCCTCTGATTTCACTCTCAGGAGAATATTCCATCATTGGCCGCA

CGATGGTGGTCCATGAAAAACCAGATGACTTGGGCAGAGGTGGAAATGAAG

AAAGTACAAAGACTGGAAACGCTGGAAGCCGTTTGGCCTGTGGTGTAA 

Figure 5.5. The sequences of the real-time RT-PCR products (5’ to 3’ orientation). 

Within a sequence, underlined nucleotides indicate the forward and reverse primer 

positions.  
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Figure 5.6. Principle component analysis of microarray transcriptome analysis of 20 

pituitary samples from steers grazing endophyte-infected tall fescue and supplemented 

with 3 mg Se/d in vitamin-mineral mixes as either sodium selenite (ISe, n = 6, red dots), 

SEL-PLEX (OSe, n = 7, blue dots), or a 1:1 mix of ISe and OSe (MIX, n = 7, green dots). 

The red, blue, and green dots represent linear combinations of the relative expression 

data, including expression values and variances, of the 26,773 gene transcripts in each 

Bovine Chip. 
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Figure 5.7. Hierarchical cluster analysis of the 542 “focus” genes selected as 

differentially expressed (ANOVA P-values of < 0.005 and false discovery rates of ≤ 

18.8%) by the pituitary of steers grazing endophyte-infected tall fescue and supplemented 

with 3 mg Se/d in vitamin-mineral mixes as either sodium selenite (ISe, n = 6), SEL-

PLEX (OSe, n = 7), or a 1:1 mix of ISe and OSe (MIX, n = 7). As indicated by the legend 

color box, black color in the middle represents the mean value, 0; red color represents 

gene expression levels above the mean expression; and blue color denotes expression 

below the mean. The intensity of the color reflects the relative intensity of the fold 

change. 
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CHAPTER 6. Selenoprotein Gene Expression Profiles in the Pituitary and Liver of 

Growing Steers Grazing Endophyte-Infected Tall Fescue Are Sensitive to Different 

Forms of Supplemental Selenium 

 

6.1 Abstract  

The goal of this study was to test the hypothesis that the gene expression profiles of 25 

selenoproteins in the pituitaries and livers of growing beef steers commonly grazing an 

endophyte-infected tall fescue (HE) pasture would differ after consuming different forms 

of selenium (sodium selenite (ISe), SEL-PLEX (OSe), vs. a 1:1 blend (MIX) of ISe and 

OSe) in a basal vitamin-mineral (VM) mix. Predominately-Angus steers (BW = 183 ± 34 

kg) were randomly selected from herds of fall-calving cows grazing HE pasture and 

consuming VM mixes that contained 35 ppm Se as ISe, OSe, or MIX forms. Steers were 

weaned, depleted of Se for 98 d, and subjected to summer-long common grazing of a 

10.1 ha HE pasture containing 0.51 ppm ergot alkaloids. Steers were assigned (n = 8 per 

treatment) to the same Se-form treatments on which they were raised. Selenium 

treatments were administered by daily top-dressing 85 g of VM mix onto 0.23 kg 

soyhulls, using in-pasture Calan gates. As previously reported, whole blood Se was 

higher for OSe (11%) and MIX (7.5%) steers vs. ISe. Pituitaries and livers were collected 

at slaughter and changes in selenoprotein mRNA expression patterns determined by 

microarray and real-time reverse-transcription PCR analyses, respectively. The effects of 

Se treatment on relative gene expression were subjected to one-way ANOVA. In the 

pituitary, mRNA contents of 7 selenoproteins and two selenoprotein P receptors differed 

among Se treatments, whereas two selenoproteins were affected in liver. OSe steers may 

have a greater capacity to manage against oxidative damage, maintain cellular redox 
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balance, and have a better quality control of protein-folding in their pituitaries than ISe 

steers. In contrast, the liver tissue of MIX steers may have a greater capacity for redox 

signaling and a greater ability to manage oxidative stress than ISe steers. We conclude 

that the form of Se in vitamin-mineral mixes alters the selenoprotein transcriptome of 

both the pituitary and liver of growing steers consuming HE forage, in an ostensibly 

positive manner.  

 

KEYWORDS: cattle, fescue toxicosis, liver, pituitary, selenium supplementation, 

selenoprotein profile 
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6.2 Introduction 

Selenium (Se) is an important trace element for many southeastern United States 

cattle producers due to low-Se soils (Dargatz and Ross, 1996). Selenium deficiency 

causes a variety of negative effects on beef cattle production including increased 

incidence of early embryonic death, retained placentas, cystic ovaries and weak heat 

periods (Corah, 1996), and reduced growth rate and immune responses (Cerny et al., 

2016). Se-poor soils result in Se-deficient forages necessitating the need to provide 

supplemental Se (Dargatz and Ross, 1996). Inorganic Se (ISe, sodium selenite) is the 

most common form of Se supplemented in cattle diets, whereas organic forms of Se 

(OSe) derived from specially cultivated Saccharomyces cerevisiae also are available and 

approved for beef cattle production (Juniper et al., 2008). 

The other challenge faced by many southeastern United States cattle producers is 

fescue toxicosis, which results from consumption of ergot alkaloids found in Epichloe 

coenophialum-infected tall fescue (Lolium arundinaceum) pastures and is a clinical 

condition consisting of impaired metabolic, vascular, growth, and reproductive processes 

in cattle (Strickland et al., 2011). Serendipitously, it was found that expression of several 

genes downregulated in the liver (Liao et al., 2015) and pituitary (Li et al., 2017) of steers 

grazing high vs. low endophyte-infected forages were upregulated in cattle by 

consumption of a 1:1 blend of ISe:OSe (MIX) in vitamin-mineral (VM) mixes (Matthews 

and Bridges, 2014; Matthews et al., 2014).  

It is widely believed that Se exerts its biological functions through selenoproteins, 

most of which are redox enzymes. There are 25 identified mammalian selenoprotein 

genes (Kryukov et al., 2003). The goal of the present study was to test the hypothesis that 
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the form of supplemental Se would alter selenoprotein transcriptome profiles in 

pituitaries and livers of growing steers subjected to summer-long grazing of endophyte-

infected pasture. 

6.3 Materials and methods 

All experimental procedures were approved by the University of Kentucky 

Institutional Animal Care and Use Committee. 

6.3.1 Animals model 

The animal management regimen and model for steers that yielded the pituitary 

and liver tissues of the present experiment have been reported (Jia et al., 2018). Briefly, 

twenty-four predominantly Angus beef steers (BW, 182.6 ± 33.9 kg; age, 165.5 ± 14.2 

d) were randomly selected from 3 Se phenotypic herds (8 steers/herd), which were 

managed under a typical forage-based (predominately endophyte-infected tall fescue), 

fall-calving, cow-calf production regimen. The 3 Se phenotypic herds had free access to 

VM premixes (UK Beef IRM Cow-Calf Mineral, Burkmann Feeds, Danville, KY) 

containing 35 ppm of inorganic Se (ISe, sodium selenite, Prince Se Concentrate; Prince 

Agri Products, Inc., Quincy, IL, USA), organic Se (OSe, SEL-PLEX, Alltech Inc., 

Nicholasville, KY), and 1:1 mix of ISe:OSe (MIX). After adapted to consuming VM 

premixes from in-pasture Calan gate feeders, twenty-four steers with 3 Se phenotypes (n 

= 8) started (d 0) summer-long grazing (86 d) of a 10.1-ha predominately endophyte-

infected tall fescue-mixed pasture (0.51 μg/g total ergot alkaloids) (Jia et al., 2018). The 3 

Se form treatments were administered using in-pasture Calan gate feeders to steers with 

the same Se phenotypes. All 3 Se form treatments contained a common basal VM premix 

with added 35 ppm Se as either ISe, OSe, or MIX. During this 86-d period, two ISe steers 
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were removed from the trial due to a bad hoof and failure to consume their mineral 

treatment. After the common 86-d grazing period on pastures, steers were slaughtered in 

the University of Kentucky Meat Laboratory (Lexington, KY) over a 26-d period (from 

day 93 to 119, 8 slaughter d, 1 steer from each treatment/d). Throughout the slaughter 

period, steers continued to maintain their respective Se treatment. Details of the slaughter 

period and process have been reported (Jia et al., 2018). 

6.3.2 Sample collection and RNA preparation 

Steers were stunned by captive bolt pistol and exsanguinated. Within 15 to 20 

minutes of death, the whole pituitary and liver samples collected from mid-lower right 

lobe were collected from each animal, placed in a foil pack, flash-frozen in liquid 

nitrogen, and stored at -80°C. Two pituitary glands (1 OSe and 1 MIX) were not used 

because of tissue damage incurred during the collection process. As a result, six 

pituitaries (n = 6) and six liver samples (n = 6) for ISe, and seven pituitaries (n = 7) and 

eight liver samples (n = 8) for both OSe and MIX treatment groups were subjected to 

RNA analyses.  

Total RNA was extracted from the whole frozen pituitary and liver tissue using 

TRIzol Reagent (Invitrogen Corporation, Carlsbad, CA) following the manufacturer’s 

instructions. The RNA concentrations were determined using a NanoDrop ND-1000 

Spectrophotometer (NanoDrop Technologies, Wilmington, DE), which revealed that all 

samples had an average concentration of 706 ng/µL for pituitary and 1.05 µg/µL for liver 

samples, and were of high purity with 260:280 nm absorbance ratios ranging from 1.85 to 

2.05 and 260:230 nm absorbance ratios ranging from 1.89 to 2.50. The integrity of total 

RNA was examined by gel electrophoresis using an Agilent 2100 Bioanalyzer System 
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(Agilent Technologies, Santa Clara, CA) at the University of Kentucky Microarray Core 

Facility. All RNA samples had 28S:18S rRNA absorbance ratios greater than 1.8 and 

RNA integrity numbers greater than 8.7.  

6.3.3 Microarray analysis 

The GeneChip Bovine Gene 1.0 ST Array (Affymetrix, Inc., Santa Clara, CA) 

was used to investigate the effect of Se treatment on bovine pituitary and liver gene 

expression profiles. Microarray analysis was conducted according to the manufacturer’s 

standard protocol at the University of Kentucky Microarray Core Facility. Briefly, 3 g 

of RNA for each sample was first reverse-transcribed (RT) to cDNA and then from 

cDNA (double-stranded) to complementary RNA (cRNA; single-stranded), which was 

then labeled with biotin. The biotinylated cRNAs were further fragmented and used as 

probes to hybridize the gene chips in the GeneChip Hybridization Oven 640 

(Affymetrix), using 1 chip per RNA sample. After hybridization, the chips were washed 

and stained on a GeneChip Fluidics Station 450 (Affymetrix). The reaction image and 

signals were read with a GeneChip Scanner (GCS 3000, 7G; Affymetrix), and data were 

collected using the Command Console. The raw expression intensity values from the 

Command Console (i.e., 20 *.cel files from the raw methylation measurements) were 

imported into Partek Genomics Suite software (PGS 7.17.0918; Partek Inc., St. Louis, 

MO). For GeneChip background correction, the algorithm of Robust Multichip 

Averaging adjusted with probe length and GC oligo contents was implemented (Irizarry 

et al., 2003; Wu et al., 2004). The background-corrected data were further converted into 

expression values using quantile normalization across all the chips and median polish 

summarization of multiple probes for each probe set. 
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All the GeneChip transcripts were annotated using the NetAffx annotation 

database for gene expression on Bovine GeneChip Array ST 1.0, provided by the 

manufacturer (http://www.affymetrix.com/analysis/index.affx, last accessed in January 

2018, annotation file last updated in May 2016). Quality control of the microarray 

hybridization and data presentation was performed by MA plot on all the gene expression 

values and by box plot on the control probe sets on the Affymetrix chips (data not 

shown). To assess treatment effects (ISe vs. OSe vs. MIX) on the relative expression of 

the pituitary and liver gene transcripts, qualified microarray data were subjected to one-

way ANOVA using the same PGS software. 

All the microarray *.cel files collected by Command Console plus the GC Robust 

Multichip Averaging-corrected data processed by PGS software of this manuscript have 

been deposited in the National Center for Biotechnology Information’s Gene Expression 

Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) [released May 25, 2018]), are 

minimum information about a microarray experiment (MIAME) compliant (Brazma et 

al., 2001), and are accessible through GEO series accession number GSE114893 

(pituitary) and GSE115802 (liver). 

6.3.4 Real-time RT-PCR analysis 

Primer sets for genes selected for real-time reverse transcription (RT) PCR 

analysis (Table 6.3) were designed using the NCBI Pick Primers online program against 

RefSeq sequences. Real-time RT-PCR was performed using an Eppendorf Mastercycler 

ep realplex2 system (Eppendorf, Hamburg, Germany) with iQ SYBR Green Supermix 

(Bio-RAD, Hercules, CA), as described (Bridges et al., 2012). Briefly, cDNA was 

synthesized using the SuperScript III 1st Strand Synthesis System (Invitrogen), with 1 μg 


